IN THE UNITED STATES DISTRICT COURT
FOR THE SOUTHERN DISTRICT OF TEXAS

HOUSTON DIVISION
WESTERNGECO L.L.C., §
§
Plaintiff, §
§
V. § CIVIL ACTION NO. 4:09-cv-01827
§
TON GEOPHYSICAL CORPORATION, § Judge Keith P. Ellison
FUGRO-GEOTEAM, INC,, §
FUGRO-GEOTEAM AS, §
FUGRO NORWAY MARINE SERVICES §
AS, FUGRO, INC,, FUGRO (USA), INC. and §
GEOSERVICES, INC., §
§ JURY TRIAL DEMANDED
Pefendants. §

ION’S FINAL INVALIDITY CONTENTIONS

In accordance with the parties’ agreement, the Court’s Markman ruling, and the Court’s
Local Patent Rules (particularly P.R. 3-3), Defendant ION Geophysical Corporation (“ION”),
submits its Final Invalidity Contentions identifying prior art and other grounds that invalidate the
asserted claims of U.S. Patent Nos. 6,691,038 (*the ‘038 patent™), 6,932,017 (“the ‘017 patent™),
7,080,607 (“the ‘607 patent™), 7,162,967 (“the ‘967 patent”), and 7,293,520 (*the ‘520 patent)
(collectively, “Western(GGeco’s asserted patents” or “WesternGeco’s patents-in-suit”). Attached
as part of ION’s Final Invalidity Contentions are claim charts in accordance with P.R. 3-3{c),
outlining in detail the basis for [ON’s contentions at the present time that the asserted claims of
WesternGeco’s patents-in-suit are invalid on various grounds under Title 35.

1. INTRODUCTION

[ON’s Final Invalidity Contentions address the Claims of WesternGeco’s patents-in-suit
asserted against ION in the Disclosures of Asserted Claims and Final Infringement Contentions

(“FICS™) submitted by WesternGeco, L.L.C. (*WesternGeco™). WesternGeco asserts that JON
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infringes claims 1-7, 10-11, 13-17, 20-32, 35-36, 38-42, and 45-50 of the ‘038 patent; claims 1-9
and 16 of the “017 patent; claims 1-9 and 15 of the ‘607 patent; claims 1, 4-10, and 15 of the
‘967 patent, and claims 1-3, 6-20, and 23-34 of the ‘520 patent. Finally, ION does not accept
WesternGeco’s allegation that all asserted claims of the ‘017, ‘967, ‘607, and ‘520 patents are
entitled to a priority date of October 1, 1998. As such, upon a determination of the actual
priority date of the patents-in-suit, ION reserves the right to supplement its Final Invalidity
Contentions with prior art based on the then-established priority dates.

Where a feature of a prior art reference is not specifically identified in the attached claim
charts as corresponding to a claim limitation, the lack of specific identification should not be
regarded as a concession by ION that the prior art reference does not embody the claim
limitation when the reference is properly interpreted from the perspective of one skilled in the
relevant art.  WesternGeco has not identified which elements of the asserted claims (or
combinations thereof) it contends were not known to one of ordinary skill in the art at the time of
the alleged inventions of WesternGeco’s patents-in-suit.  For any claim limitation that
WesternGeco alleges is not disclosed in a particular prior art reference, ION reserves the right to
prove that such limitation is either inherent in the reference or obvious to one of ordinary skill in
the art at the relevant time, or that the limitation is disclosed in one or more other prior art
references that, when combined, renders the asserted claims obvious under 35 U.S.C. § 103,

The prior art references produced by ION in connection with these contentions are
representative of the state of the prior art pertinent to invalidity. I[ON reserves the right to
identify other prior art or to supplement its disclosures or contentions under the following

circumstances:
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(1) ION reserves the right to amend these contentions and disclosures as new

information becomes available.

(1)  ION has not vet completed its discovery from WesternGeco. Such

discovery may include information that affects the disclosures and contentions

herein.

(iii)  TON has also not yet completed its discovery from third parties who may \

have information concerning additional prior art. Such discovery may include

information that affects the disclosures and contentions herein.

The attached claim charts cite particular teachings and/or disclosures of the prior art as
applied to features of the asserted claims. However, persons of ordinary skill in the art may view
an item of prior art in the context of other publications, literature, products, and technical
knowledge. Thus, ION also reserves the right to rely on non-cited portions of the prior art
references, related file histories, other publications or testimony as aids in understanding and
interpreting the cited portions, as providing context to the art, and as additional evidence that the
prior art discloses a claim element. TON further reserves the right to rely on non-cited portions
of the prior art references, related file histories, other publications, and testimony to establish that
a person of ordinary skill in the art would have been motivated to combine certain of the cited
references to render the asserted claims obvious. TON also reserves the right to rely upon, and
incorporates herein by reference the invalidity contentions and prior art disclosed by
WesternGeco and/or the Fugro Defendants.

These Final Invalidity Contentions are not an admission by ION that the accused

products (including any current or past version of these products) are covered by or infringe the
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asserted claims of WesternGeco’s patents-in-suit, particularly when these claims are properly
construed.

11. IDENTIFICATION OF PRIOR ART

Pursuant to P.R. 3-3(a), ION provides the following list of prior art references that it
contends anticipate (pursuant to 35 U.S.C. § 102) and/or render obvious (pursuant to 35 U.S.C.
§ 103) the asserted claims of WesternGeco’s patents-in-suit.  The following identification of
references, the identification of references in Section Il and the attached claim charts are to be
considered as a whole, and all contentions made among them are to be considered as a whole, In
the event the identification of references in Section II1 and/or a claim chart provides a contention
based on a reference not identified in this Section, that contention nevertheless is to be

considered as part of these Final Invalidity Contentions.

NO. PRIOR ART REFERENCE DATES
1. International Patent Application No. WO | Filing Date: September 20, 1996
97/11395 (*Olivier *395™) Published: March 27, 1997
2. International Patent Application No. WO | Filing Date: September 28, 1999
2000/20895 (“Hillesund ‘895™) Published: April 13,2000
3. U.S, Patent No. 5,790,472 (*Workman | Filing Date: December 20, 1996
‘472 patent™} Issued: August 4, 1998
Country of Origin: United States
4, U.S. Patent No. 4,404,664 (“Zachariadis | Filing Date: December 31, 1980
‘664 patent”} Issued: September 13, 1983
Country of Origin: United States
5. U.S. Patent No. 5,546,882 (““882 patent™) | Filing Date: July 7, 1995
Issued: August 20, 1996
Country of Origin: Norway
6. U.S. Patent No. 5,200,930 (930 patent™) | Filing Date: January 24, 1992
Issued: April 6, 1993
Country of Origin: United States
7. Patent Cooperation Treaty Published | Filing Date: December 19, 1997
Application  No. WO  98/28636 | Published: July 2, 1998
(“Bittleston ‘636 application™)
8. Kalman, R.E., 1960, “A New Approach to | Date of Publication: 1960
Linear Filtering and Prediction Problems,”
Trans of ASME-J of Basic Engineering,
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NO. | PRIOR ART REFERENCE DATES

vol, 82 (series D). A copy of this
reference 1s attached as Exhibit 18.

9. ION’s 35 U.S.C. § 102(f) prior art

1II.  SPECIFIC PRELIMINARY INVALIDITY CONTENTIONS

A. Anticipation Under 35 U.S.C. § 102

1. General Comments

In accordance with P.R. 3-3(b) and (c), ION identifies the references in Section 2 below
as anticipating the asserted claims of the WesternGeco patents-in-suit under one or more
provisions of 35 U.S.C. § 102. The references are also identified in the claim charts attached
hereto. The claim charts identify specific aspects of the cited prior art references that correspond
to the respective claim limitations. However, the claim charts are exemplary only and include at
least one citation to an anticipatory reference for each limitation of the respective asserted claim.
Thus, although ION has identified at least one citation per claim limitation present in a reference,
each and every disclosure of the same limitation in the same reference is not necessarily
identified in the charts. A reference may contain additional support for a particular claim
limitation. Persons of ordinary skill in the art generally read a prior art reference as a whole and
in the context of other publications and literature, physical embodiments and knowledge in the
field of art.

ION thus reserves the right to rely on non-cited portions of the prior art references and on
other publications and expert testimony to provide context, and as aids to understanding and
interpreting the portions that are cited. To the extent any limitation is deemed not to be precisely
met by an item of prior art, any purported differences are such that the claimed subject matter as
a whole would have been obvious to one skilled in the art at the time of the alleged invention in

view of the state of the art and knowledge of those skilled in the art. Where ION cites to a
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particular figure in a prior art reference, the citation should be understood to encompass the
caption and description of the figure and any text relating to the figure in the reference in
addition to the figure itself. Conversely, where a cited portion of text refers to a figure, the
citation should be understood to include the figure as well.

Where the anticipatory reference is a prior art product or physical embodiment, the
attached claim charts may include citations to other materials in order to establish certain aspects
of the prior art product or physical embodiment. Such citations do not diminish the anticipatory
nature of the prior art product or physical embodiment. At minimum, citations to additional
prior art references establish the obviousness of the respective c¢laims, and the motivation to
combine a prior art product or physical embodiment with a prior art reference discussing that
prior art product or physical embodiment is self-evident.

As noted above, the 1dentification of anticipatory references, the identification of prior art
references in Section Il above, and the associated claim charts, are to be considered as a whole,
and all contentions made among them are to be considered. Thus, in the event the identification
of references in Section II and/or a claim chart provides an anticipation contention not identified
below — or vice versa — that contention is nevertheless to be considered as part of these Final
Invalidity Contentions. ION may also rely on the United States Patent aﬁd Trademark Office’s
characterizations of the teachings in and the effects of the prior art, as well as the admissions,
statements, representations, and characterizations made by WesternGeco, the named inventor, or
others substantively involved in the preparation or prosecution of the WesternGeco patents-in-
suit. Those statements may include admussions, statements, representations, and
characterizations concerning the prior art during the prosecution of relevant patent applications,

including reexamination, or any related U.S. or foreign patent applications.
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2. Specific Anticipation Contentions

The following prior art references anticipate the respectively identified claims of the
WesternGeco patents-in-suit, as set forth in the following claim chart exhibits:

1. ‘038 Patent - International Patent Application No. WO
2000/20895 (“Hillesund ‘895™). See Exhibit 1.

2. ‘017 Patent - U.S. Patent No. 5,790,472 (*Workman ‘472
patent™). See Exhibit 2.

3, ‘607 Patent - U.S. Patent No. 5,790,472 (“Workman 472
patent”). See Exhibit 3.

4. ‘967 Patent - U.S. Patent No. 5,200,930 (**930 patent”). See
Exhibit 4.

5. TON’s 35 U.S.C. § 102(f) prior art. See Exhibit 5.

B. Obviousness Under 35 U.S.C. § 103

1. General Comments

In accordance with P.R. 3-3(b) and (c), ION identifies the following combination of
references as rendering the asserted claims of the WesternGeco patents-in-suit obvious under 35
U.S.C. § 103. ION also identifies and incorporates by reference the combinations identified in
the referenced claim charts attached hereto. The attached claim charts demonstrate the
obviousness of the asserted claim and identify specific disclosures or aspects of each reference in
the combination that correspond to the respective claim limitations. For each identified
combination, the full teachings of the references should be considered. The claim charts are
exemplary only, and include at least one citation to one or more of those references for each
claim limitation. Thus, although ION has identified at least one citation per claim limitation
present in a combination of references, each and every disclosure of the same limitation in the
same combination of references is not necessarily identified in the chart. That is, a combination

of references may contain additional support for a particular claim limitation. Persons of
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ordinary skill in the art generally read a prior art reference as a whole and in the context of other
publications and literature.

ION thus reserves the right to rely on non-cited portions of the prior art references and on
other publications and expert testimony to provide context and as aids to understanding and
interpreting the portions that are cited, To the extent any limitation is deemed not to be exactly
met by a combination of references, then any purported differences are such that the claimed
subject matter as a whole would have been obvious to one skilled in the art at the time of the
alleged invention, in view of the state of the art and knowledge of those skilled in the art. Where
ION cites to a particular figure in a prior art reference, the citation should be understood to
encompass the caption and description of the figure and any text relating to the figure in the
reference, in addition to the figure itself. Conversely, where a cited portion of text refers to a
figure, the citation should be understooed to include the figure as well.

Where the combination of references includes a prior art product or physical
embodiment, the Section 103 claim charts may also include citations to other maternials in order
to establish certain aspects of the prior art product or physical embodiment. Such citations do
not diminish the disclosure of the prior art product or physical embodiment. At minimum,
however, citations to additional prior art references establish the obviousness of the respective
claims, and the motivation to combine a prior art product or physical embodiment with a prior art
reference discussing that prior art product or physical embodiment is self-evident and/or obvious
to persons of ordinary skill in the relevant art at the time of the alleged inventions of the
WesternGeco patents-in-suit.

Where a combination is directed to a dependent claim, but not the independent claim

from which the dependent claim depends, it should be understood that the claim chart for the
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combination incorporates the claim chart for first-identified prior art reference in the
combination. As an example, claim 2 of the “038 patent depends from claim 1. For a contention
that dependent claim 2 is obvious over the combination of Reference X and Reference Y, the
claim chart showing that Reference X anticipates claim 1 should be understood as being
incorporated into the obviousness claim chart. In other words, the chart for the primary
reference of a combination is incorporated by reference into any obviousness chart that identifies
the primary reference.

The following identification of combinations, the identification of references in Section
I1, and associated claim charts, are to be considered as a whole, and all contentions made among
them are to be considered. Thus, in the event the identification of references in Section Il and/or
a claim chart provides an obviousness contention not identified below — or vice versa — that
contention is nevertheless to be considered as part of these Final Invalidity Contentions.

In establishing obviousness under Section 103, ION may also rely on the United States
Patent and Trademark Office’s characterizations of the teachings in and the effects of the prior
art. JON may further rely on the admissions, statements, representations, and characterizations
made by WesternGeco, the named inventor, or others substantively involved in the preparation
or prosecution of the WesternGeco patents-in-suit, including admissions, statements,
representations, and characterizations concerning the prior art during the prosecution of relevant
patent applications, including reexamination, or any related U.S. or foreign patent applications.

2. “Motivation to Combine”

For each combination of references identified below and/or in an attached claim chart,
ION hereby identifies a “motivation™ for one of ordinary skill in the art at the time of the alleged

invention of the WesternGeco patents-in-suit to combine those references. The “motivation” to

2667509v1 WesternGeco Ex. 2033, pg. 9
IPR2015-00567
ION v WesternGeco



combine is identified in view of the Supreme Court deciston in KSR Int’l Co. v. Teleflex Inc., 550
U.S. 398 (2007), and is not limited to any specific test or analytical framework for determining
obviousness (such as the “teaching, suggestion, or motivation™ test).

it would have been obvious for a person of ordinary skill in the art at the time of the
purported invention to combine each of the prior-art elements of the respective combinations
identified below with other prior-art elements of those respective combinations to create a device
or method having the ability to control both the depth and lateral position of marine seismic
streamers using streamer positioning devices controlled by a control system that is either located
on the towing vessel or the streamer positioning device or both anticipating every limitation of
the asserted claims of the WesternGeco patents-in-suit. A person of ordinary skill would have
found it obvious at the time of the purported invention to combine these elements, because the
elements would predictably perform their known prior-art functions in said device or method to
control the position of marine seismic streamers, the combination of elements would entail a
simple substitution of one known element for another to achieve predictable results, and/or the
combination would have been obvious to try.

Each of the combinations identified below and/or in the attached claim charts relies on
the substitution or incorporation of elements that were known in the prior art, as described in the
cited references. All of the art cited below would have been art that one of skill in the art would
have been aware of or referred to in addressing the problem claimed to be addressed by the
WesternGeco patents-in-suit, as well as other problems and/or market demands prior to the date
of the purported invention, providing a reason for combining that art in the manner described
below. Also, as noted above, the combination of the familiar elements claimed in the

WesternGeco patents-in-suit according to known methods would have been obvious because it
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does no more than yield predictable results. The references disclosed herein describe methods
that were known to offer what the WesternGeco patents-in-suit assert are improvements over the
prior art. As such, one of skill in the art would have been motivated to combine them in the
manner disclosed in these Final Invalidity Contentions.

While not necessary, a motivation to combine may also be found in the references
themselves. One of ordinary skill in the art would be motivated to combine a reference that
refers to, or otherwise explicitly invites combination with, another reference.

The references identified below also describe the elements of the asserted claims in
sufficient detail ~ whether the structure and function or just the function with the structure
known to one of ordinary skill in the art. In each instance, a person of ordinary skill in the art
could have modified the device using the substituted or incorporated elements, and the results of
the substitutions and incorporations would have been predictable. Where substitutions or
combinations have been made, each of the substituted or combined elements is similar to the
original elements and provides similar functionality and/or enhancement. It would have been
predictable to one skilled in the art that the modified device or system, i.e., the device or system
resulting from the combined teachings of the applied references, could be substituted or
incorporated into the original devices or systems and used to provide the claimed structure or
functionality without altering the purpose of the original devices or systems, or their elements.
Further, the references demonstrate that a person of ordinary skill in the art already knew how
the substituted or incorporated elements would operate and how they would be made.

Furthermore, the WesternGeco patents-in-suit are directed generally to control systems
for positioning marine seismic streamers, and persons working in the field of marine seismic

technology would be aware of the research and development that had been done in the field.
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Among other things, the control systems ensure proper positioning of seismic streamers towed
behind vessels, which is vital to accurate marine seismic surveys, That is, while the streamers
are towed behind a vessel, the control system, including streamer positioning devices, allow the
user to maintain desired streamer positioning. These and other attributes of the control systems
for marine seismic streamers were well known prior to 1998. For example, it was known that to
complete accurate marine surveys one needed the ability to control the positioning of the marine
streamers.

Thus, at a minimum, the technology and state of the marine seismic streamer control
system industry was such that— to the extent the claimed combinations might be viewed as not
already existing by that time—they led ingvitably to combinations such as those claimed in the
WesternGeco patents-in-suit. Indeed, by the time of the alleged invention of the WesternGeco
patents-in-suit, demands known to the design community or present in the marketplace, and the
background knowledge possessed by a person having ordinary skill in the art, all provided
readily apparent reason to combine the known elements in the fashion claimed by the
WesternGeco patents-in-suit. Combinations of the individual claimed features, which have been
known to the marine seismic streamer control system and marine survey communities prior to
the alleged invention of the WesternGeco patents-in-suit, would have been within the ordinary
creativity of one skilled in the art at the time of the purported invention, and would therefore
have been obvious under 35 U.S.C. § 103.

Although ION has identified the above “motivations” to combine, additional
“motivations” to combine may exist. Persons of ordinary skill in the art generally read a prior art

reference as a whole and in the context of other publications and literature, phyéical

12
2667509v1 WesternGeco Ex. 2033, pg. 12

IPR2015-00567
ION v WesternGeco



embodiments and knowledge in the field of art. ION reserves the right to rely on such additional
“motivations” to combine,

3 Specific Obviousness Contentions

The following combinations of prior art references render the respectively identified
claims of the WesternGeco patents-in-suit obvious under 35 U.S.C. § 103:

1. ‘038 Patent - International Patent Application No. WO
2000/20895 (“Hillesund ‘895). See Exhibit 6.

2. ‘038 Patent - International Patent Application No. WO
297/11395 (“Olivier ‘395”). See Exhibit 7.

3. ‘038 Patent - International Patent Application No. WO
2000/20895 (“Hillesund ‘895”) & U.S. Patent No. 5,200,930
(**930 patent”), See Exhibit 8.

4. 038 Patent - International Patent Application No. WO
2000/20895 (“Hillesund “895”) & U.S. Patent No. 5,546,882
(“*882 Patent™). See Exhibit 9.

5. ‘017 Patent - U.S. Patent No. 5,790,472 (*Workman ‘472
patent. See Exhibit 10.

6. ‘017 Patent - U.S. Patent No. 5,790,472 (“Workman ‘472
patent”) & Kalman, R.E., 1960, “4 New approach to Linear
Filtering and Prediction Problems,” Trans of ASME-]. of
Basic Engineering, vol. 82 (Series D). See Exhibit 11.

7. ‘967 Patent - U.S. Patent No. 5,790,472 (“Workman ‘472
patent™} & International Patent Application No. WO 98/28636
(“Bittleston ‘636 application™). See Exhibit 12.

8. ‘607 Patent - U.S. Patent No. 5,790,472 (“Workman ‘472
patent”) & Kalman, R.E., 1960, “4 New approach to Linear
Filtering and Prediction Problems,” Trans of ASME-J. of
Basic Engineering, vol. 82 (Series D). See Exhibit 13,

9. ‘607 Patent - U.S. Patent No. 5,790,472 (“Workman 472
patent”) & International Patent Application No. WO 98/28636
(“Bittleston ‘636 application™). See Exhibit 14,

10. ‘967 Patent - U.S. Patent No. 4,404,664 (“Zachariadis ‘664
patent™) & International Patent Application No, WO 297/11395
(“Olivier ‘395™). See Exhibit 15.
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11.°607 Patent - U.S. Patent No. 5,790,472 (“Workman ‘472
patent. See Exhibit 16.

12. 7017 Patent - U.S. Patent No. 5,790,472 (*Workman 472
patent”™), Kalman, R.E., 1960, “4 New approach to Linear
Filtering and Prediction Problems,” Trans of ASME-]. of
Basic Engineering, vol. 82 (Series D), and U.S. Patent No.
4,404,664 (“Zachariadis ‘664 patent”). See Exhibit 17.

ION also contends, in the alternative, that each of the anticipatory references identified
above in Section [II.A.2 and in the attached claim charts render all of the asserted claims obvious
when standing alone and when considered in view of the knowledge of one skilled in the art at
the time of the alleged inventions of the WesternGeco patents-in-suit. Thus, for any claim or
claim element that is shown in a claim chart as being anticipated, ION also contends, in the
alternative, that the claim or claim element is rendered obvious in view of the same identified
disclosure in each of the anticipatory references identified herein. In other words, for all of the
anticipatory references identified above, ION contends, in the alternative, that each of the
respective anticipatory references renders each asserted claim obvious on its own without the
need to combine the identified anticipatory reference with any other reference.

Alternatively, should WesternGeco assert that a given claim element is missing from a
given anticipatory reference, ION reserves the right to argue that it would have been obvious fo
combine the reference with any one of the above-mentioned obviousness references to provide
the purportedly missing element.

IV. INVALIDITY UNDER 35 US.C. § 112

Pursuant to P.R, 3-3(d), ION identifies exemplary bases for invalidating the asserted
claims of the WesternGeco patents-in-suit for indefiniteness, lack of an adequate written
description, lack of enablement, and/or failure to disclose the best mode. ION does not address
the failure of any ancestor application to support the asserted claims here as required for the
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claims to gain benefit of any filing date(s) of any ancestor application. As such, upon
determination that any of WesternGeco’s asserted priority dates for the WesternGeco patents-in-
suit are inapplicable, ION reserves the right to supplement its contentions based on additional
prior art dated after the alleged priority dates. Further, ION reserves the right to assert invalidity
based on any and all other grounds not referenced herein and not required to be disclosed in
these contentions.

Each asserted claim of the WesternGeco patents-in-suit is invalid under 35 U.S.C. § 112
for failure to particularly point out and distinctly claim the subject matter the inventor regards as
the alleged invention(s) and thus are fatally indefinite, Further, each asserted claim is invahid
under 35 U.S.C. § 112 in that the specification does not set forth the alleged invention(s) so as to
enable a person skilled in the art to make and use them without undue experimentation. For
example, in a number of internal feasibility reports, development plans, specifications, tests, and
other documents predating the filing of the WesternGeco patents-in-suit (e.g., WG00009017-
9125, WG00001520-1611;  WGO00008668-754;  WG00008560-667, WG00011673-780;
WG00001728-48; WG00063947-82; WG00011781-826; WGO0008050-294; WG00011936-59;
WG00008351-559; WG0361080-84; WG00013052-85; and WG0062727-43), WesternGeco
identifies a number of “requirements” that are not disclosed in the patents-in suit. Moreover,
each asserted claim is invalid under 35 U.S.C. § 112 for failing to disclose the preferred
embodiment.

WesternGeco’s asserted claims are invalid for failing to disclose the best mode. As set
forth above, WesternGeco failed to disclose certain “requirements” in the patents-in-suit.
Invalidity based on failure to disclose the best mode is a fact intensive inquiry that requires

discovery on the inventor(s) state of mind at the time of invention and patenting. ION reserves
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the right to supplement its best mode contentions upon further discovery from WesternGeco.
Subject to [ON’s right to supplement, the named inventors of the WesternGeco patents-in-suit
knew of a preferred mode that was better than the mode disclosed in the WesternGeco patents-
in-suit but concealed this preferred mode from the public. The disclosures in the WesternGeco
patents-in-suit were not adequate enough to enable one skilled in the pertinent art to practice the
best mode.

Although the claims of the WesternGeco patents-in-suit appear to require a particular
structure, the corresponding written description in the patents is inadequate under Section 112
because it does not enable persons skilled in the art to make and use the alleged inventions
without undue experimentation. For example, 017 patent claim 1 requires “calculating desired
changes in the orientation” of the wings. Persons skilled in the art could not determine from
reading the patent specification the Eimiﬁs, if any, imposed on the changes to the wing’s
orientation.

Similar indefiniteness issues exist in the asserted independent claims of the ‘017, ‘038
and ‘607 patents and thus all dependent claims as well. Furthermore, many of the asserted
dependent claims of the WesternGeco patents-in-suit also suffer from similar indefiniteness
issues. Each asserted claim is also invalid under 35 U.S.C. § 112 because the written description
does not reflect that the inventors were in possession of the claimed invention(s).

Based on WesternGeco’s Infringement Contentions it appears that WesternGeco is
asserting a meaning and scope for the bolded language that goes beyond any written description
support in the specifications of the patents-in-suit and results in a claim scope that is not enabled
by the specifications. However, because WesternGeco’s Infringement Contentions are not

entirely clear as to these issues, in view of the fact that WesternGeco has not yet provided

16
2667509v1 WesternGeco Ex. 2033, pg. 16

IPR2015-00567
ION v WesternGeco



proposed claim constructions for any claim term, and in view of the fact that the Court has not
construed these terms yet, ION reserves its right to supplement, modify or change its
identification of asserted claims that are invalid under 35 U.S.C. § 112.

Moreover, the asserted claims are invalid for lack of an adequate written description to
the extent that they are construed to contradict and/or fail to require the required, non-optional
alleged attributes of the alleged “inventions” identified in the patents-in-suit. Such asserted
claims fail to comply with the written description requirement, as their scope would exceed the
scope of the alleged “invention” as set forth in the specifications of the patents-in-suit. Further,
to the extent that the asserted claims are construed or asserted to encompass species or
embodiments that are not described in the specification, the claims lack an adequate written
description in the specification and fail to satisfy the enablement requirement. The asserted
claims encompass combinations of features, and arrangements of features or re-arrangements of
features, which were not disclosed in the specification. Accordingly, the asserted claims lack an
adequate written description in the specification pursuant to Section 112.

By way of example, under WesternGeco’s apparent construction of the asserted claims
(to which ION does not accede), the claims lack an adequate written description in the
specification, and fail to disclose in sufficient detail as to enable one skilled in the pertinent art to
make and use the features of the accused products.

A. ‘038 Patent

Claims 4, 14, 19, 29, and 39 of the ‘038 patent are invalid for failing to comply with 35
U.S.C. § 112(1), because the specification does not describe “desired streamer position” and/or
“desired positions” in a manner sufficient to enable a person of ordinary skill in the art to

practice the invention without undue experimentation. In addition, those terms render the claims
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insolubly ambiguous, not amenable to construction, and fail to notify the public of the scope of
the patentee’s right to exclude.

Claims 22, 25, 47, and 50 of the “038 patent are invalid for failing to comply with 35
U.S.C. § 112(1), because the specification does not describe “optimal path” and/or “optimal
coverage” in a manner sufficient to enable a person of ordinary skill in the art to practice the
invention without undue experimentation. In addition, those terms render the claims insolubly
ambiguous, not amenable to construction, and fail to notify the public of the scope of the
patentee’s right to exclude.

Claims 1-7, 10-11, 13-17, 20-32, 35-36, 38-42, and 45-50 of the ‘038 patent are invalid
for failing to comply with 35 U.S.C. § 112(1), because the specification does not describe “active
streamer positioning device” in a manner sufficient to enable a person of ordinary skill in the art
to practice the invention without undue experimentation. In addition, that term renders the
claims insolubly ambiguous, not amenable to construction, and fails to notify the public of the
scope of the patentee’s right to exclude.

Claims 29-32, 48, 49, 50 are invalid for failing to comply with 35 US.C. § 112(2)
because the claims include the term “the master controller,” which does not have an antecedent
basis in the claims or the claims upon which they depend. Because it lacks an antecedent basis,
that term renders the claims insolubly ambiguous, not amenable to construction, and fails to
notify the public of the scope of the patentee’s right to exclude.

B. ‘017 Patent

Claim 16 of the ‘017 patent is invalid as indefinite because it fails to meet the
requirements of 35 U.S.C. § 112(6). The specification does not recite a structure corresponding

to the claimed “means for obtaining a predicted position of the streamer positioning devices”
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sufficient to indicate the claimed structure to a person of ordinary skill in the art. As a result, the
claim is rendered insolubly ambiguous, not amenable to construction, and insufficient to notify
the public of the scope of the patentee’s right to exclude.

Claim 16 of the ‘017 patent is invalid as indefinite because it fails to meet the
requirements of 35 U.S.C. § 112(6). The specification does not recite a structure corresponding
to the claimed “means for obtaining an estimated velocity of the streamer positioning devices”
sufficient to indicate the claimed structure to a person of ordinary skill in the art. As a result, the
claim is rendered insolubly ambiguous, not amenable to construction, and insufficient to notify
the public of the scope of the patentee’s right to exclude.

Claim 16 of the ‘017 patent is invalid as indefinite because it fails to meet the
requirements of 35 U.S.C. § 112(6). The specification does not recite a structure corresponding
to the claimed “means for calculating desired changes in the orientations of the respective wings
of at least some of the streamer positioning devices using said predicted position and said
estimated velocity” sufficient to indicate the claimed structure to a person of ordinary skill in the
art. As a result, the claim is rendered insolubly ambiguous, not amenable to construction, and
insufficient to notify the public of the scope of the patentee’s right to exclude.

Claim 16 of the ‘017 patent is invalid as indefinite because it fails to meet the
requirements of 35 U.S.C. § 112(6). The specification does not recite structure corresponding to
the claimed “means for actuating the wing motors to produce said desired changes in wing
orientation” sufficient to indicate the claimed structure to a person of ordinary skill in the art. As
a result, the claim is rendered insolubly ambiguous, not amenable to construction, and

insufficient to notify the public of the scope of the patentee’s right to exclude.
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Claims 1-9 and 16 of the ‘017 patent are invalid for failing to comply with 35 US.C. §
112(1), because the specification does not describe “desired changes” in a manner sufficient to
enable a person of ordinary skill in the art to practice the invention without undue
experimentation. In addition, this term renders the claims insolubly ambiguous, not amenable to
construction, and fails to notify the public of the scope of the patentee’s right to exclude.

Claim 7 of the ‘017 patent is invalid for failing to comply with 35 U.S.C. § 112(1),
because the specification does not describe “global control system” in a manner sufficient to
enable a person of ordinary skill in the art to practice the invention without undue
experimentation. In addition, this term renders the claims insolubly ambiguous, not amenable to
construction, and fails to notify the public of the scope of the patentee’s right to exclude,

Claim 8 of the ‘017 patent is invalid for failing to comply with 35 U.S.C. § 112(1),
because the specification does not describe “streamer separation mode” in a manner sufficient to
enable a person of ordinary skill in the art to practice the invention without undue
experimentation. In addition, this term renders the claims insolubly ambiguous, not amenable to
construction, and fails to notify the public of the scope of the patentee’s right to exclude.

Finally, dependent claims 3, 4, and 6 of the ‘017 patent are invalid for failing to specify a
further limitation of the subject matter claimed in violation of 35 U.S.C. § 112(4) because the
terms “water referenced towing velocity that compensates for the speed and heading of marine

Y G

currents,” “said estimated velocity is compensated of relative movement between said seismic

kd

survey vessel and said streaming positioning devices,” and/or “regulated to prevent the wing

from stalling” are inherent aspects of the invention as claimed by the respective claims on which

those claims depend.
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Claims 1-9 and 16 of the *017 patent are invalid for failing to comply with 35 U.S.C. §
112(1), because the specification does not describe a “streamer positioning device” that can
control the streamer position both laterally and vertically in a manner sufficient to enable a
person of ordinary skill in the art to practice the mvention without undue experimentation.

C. ‘607 Patent

Claims 1-9 and 15 of the ‘607 patent are invalid for failing to comply with 35 US.C. §
112(1), because the specification does not desecribe “desired changes™ in a manner sufficient to
enable a person of ordinary skill in the art to practice the invention without undue
experimentation. In addition, this term renders the claims insolubly ambiguous, not amenable to
construction, and fails to notify the public of the scope of the patentee’s right to exclude.

Claim 7 of the “607 patent is invalid for failing to comply with 35 U.S.C. § 112(1),
because the specification does not describe “global control system,” “feather angle mode,”
and/or “turn control mode” in a manner sufficient to enable a person of ordinary skill in the art to
practice the invention without undue experimentation. In addition, those terms render the claims
insolubly ambiguous, not amenable to construction, and fail to notify the public of the scope of
the patentee’s right to exclude.

Claim 8 of the ‘607 patent is invalid for failing to comply with 35 U.S.C. § 112(1),
because the specification does not describe “global control system” and/or “streamer separation
mode” in a manner sufficient to enable a person of ordinary skill in the art to practice the
invention without undue experimentation. In addition, those terms render the claims insolubly
ambiguous, not amenable to construction, and fail to notify the public of the scope of the

patentee’s right to exclude.
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Dependent claims 3, 4, and 6 of the ‘607 patent are invalid for failing to specify a further
limitation of the subject matter claimed in violation of 35 U.S.C. § 112(4) because the terms
“water referenced towing velocity that compensates for the speed and heading of marine

ka4

currents,” “said estimated velocity is compensated of relative movement between said seismic
survey vessel and said streaming positioning devices,” or “regulated to prevent the wing from
stalling” are inherent aspects of the invention as claimed by the respective claims on which those
claims depend.

Claims 1-9 and 15 of the ‘607 patent are invalid for failing to comply with 35 U.S.C. §
112(1), because the specification does not describe a “streamer positioning device” that can
control the streamer position both laterally and vertically in a manner sufficient to enable a
person of ordinary skill in the art to practice the invention without undue experimentation.

Claims 1, 4-10, and 15 are invalid as indefinite under 35 U.S.C. § 112(2) because
“desired changes in ‘position’ of one or more of the streamer positioning devices” as stated in
this claims 1 and 15 is fundamentally ambiguous. “Position” can plausibly mean the desired
changes in the location coordinates of the streamer positioning devices, or it can plausibly mean
the desired changes in the angles of the wings on the streamer positioning device.

D. ‘967 Patent

Claims 4, 5, and 8 of the ‘967 patent are invalid for failing to comply with 35 U.S.C. §
112(1), because the specification does not describe “desired vertical depth,” “desired horizontal
displacement,” or “desired forces” in a manner sufficient to enable a person of ordinary skill in
the art to practice the invention without undue experimentation. In addition, those terms render

the claims insolubly ambiguous, not amenable to construction, and fail to notify the public of the

scope of the patentee’s right to exclude.
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Claims 1-10 and 15 of the ‘967 patent are invalid for failing to comply with 35 US.C. §
112(1), because the specification does not describe “global control system™ and/or “local control
system” in a manner sufficient 1o enable a person of ordinary skill in the art to practice the
invention without undue experimentation. In addition, those terms render the claims insolubly
ambiguous, not amenable to construction, and fail to notify the public of the scope of the
patentee’s right to exclude.

Claim 5 of the ‘967 patent is invalid as indefinite under 35 U.S.C. § 112(2) because
“deviation between the desired horizontal displacement and the actual horizontal displacement”
is insoluably ambiguous. The usual and ordinary meaning of horizontal displacement is a
difference between desired and actual positions. The ‘967 patent offers an implicit definition of
displacement as “the magnitude and direction of the displacement between the actual horizontal
position and the desired horizontal position of the bird.” Thus, displacement is a difference
between actual and desired horizontal positions. Claim 5 states deviation as “magnitude and
direction of the deviation between the desired horizontal displacement and actual horizontal
displacement.” Thus, “deviation” in this claim 5 is a difference-of-a-difference.

Claim 7, 8, 9, and 10 of the ‘967 patent are invalid for failing to comply with 35 US.C. §
112(1) because the specification does not describe “adjusting the wing using the local control
system is regulated to prevent the positioning device from stalling” in a manner sufficient to
enable a person of ordinary skill in the art to practice the invention without undue
experimentation.

Claim 8 of the ‘967 patent is invalid for failing to comply with 35 U.S.C. § 112(1),
because the specification does not describe “feather angle mode™ and/or “turn control mode” in a

manner sufficient to enable a person of ordinary skill in the art to practice the invention without
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undue experimentation. In addition, those terms render the claims insolubly ambiguous, not
amenable to construction, and fail to notify the public of the scope of the patentee’s right to
exclude.

Claim 9 of the ‘967 patent is invalid for failing to comply with 35 U.S.C. § 112(1),
because the specification does not describe “streamer separation mode™ in a manner sufficient to
enable a person of ordinary skill in the art to practice the invention without undue
experimentation. In addition, this term renders the claims insolubly ambiguous, not amenable to
construction, and fails to notify the public of the scope of the patentee’s right to exclude.

Dependent Claim 7 of the ‘967 patent is invalid for failing to specify a further limitation
of the subject matter claimed in violation of 35 U.S.C. § 112(4) because the term “regulated to
prevent the positioning device from stalling” is an inherent aspect of the invention as claimed by
the respective claims on which that claim depends.

Claims 1, 4-10, and 15 of the ‘967 patent are invalid for failing to comply with 35 U.S.C.
§ 112(1), because the specification does not describe a “streamer positioning device” that can
control the streamer position both laterally and vertically in a manner sufficient to enable a
person of ordinary skill in the art to practice the invention without undue experimentation.

E. ‘520 Patent

Claims 1-3, 6-20, and 23-34 of the *520 patent are invalid for failing to comply with 35

b= a1

U.S.C. § 112(1), because the specification does not describe “feather angle mode,” “turn control
mode,” and/or “streamer separation mode” in a manner sufficient to enable a person of ordinary
skill in the art to practice the invention without undue experimentation. In addition, those terms

render the claims insolubly ambiguous, not amenable to construction, and fail to notify the public

of the scope of the patentee’s right to exclude.
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Additionally, claims 1 and 18 of the ‘520 patent are invalid for failing to comply with 35
U.S.C. § 112(1), because the specification does not describe how to control the streamer
positioning devices with a control system configured to operate in one or more control modes
selected from a feather angle mode, a turn control mode, and a streamer separation mode and
does not describe a control system configured to use a control mode selected from a feather angle
mode, a turn control mode, a streamer separation mode, and two or more of these modes in a
manner sufficient to enable a person of ordinary skill in the art to practice the inventions without
undue experimentation. None of the claims depending from claims 1 or 18 further define the
non-enabled portions of claims 1 and 18, and thus are invalid under § 112(1) as well.

Dependent Claims 3, 4, and 6 of the *520 patent are invalid for failing to specify a further
limitation of the subject matter claimed in violation of 35 US.C. § 112(4) because the terms
“water referenced towing velocity that compensates for the speed and heading of marine

LS4

currents,” “said estimated velocity is compensated of relative movement between said seismic
survey vessel and said streaming positioning devices,” or “regulated to prevent the wing from
stalling” are inherent aspects of the invention as claimed by the respective claims on which those
claims depend.

Claims 1-3, 6-20, and 23-34 of the ‘520 patent are invalid for failing to comply with 35
U.S.C. § 112(1), because the specification does not describe a “streamer positioning device” that

can control the streamer position both laterally and vertically in a manner sufficient to enable a

person of ordinary skill in the art to practice the invention without undue experimentation.
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V. DOCUMENT PRODUCTION ACCOMPANYING PRELIMINARY INVALIDITY
CONTENTIONS

Pursuant to Patent Rule 3-4(a), ION previously provided documents within its respective
possession, custody, or conirol showing the operation of any aspects or elements of its respective
Accused Instrumentalities identified by WesternGeco in its Infringement Contentions.

Nothing in these disclosures shall be treated as an admission by ION that WesternGeco’s
Infringement Contentions comply with the requirements of the Court’s Patent Local Rules or
reasonably or adequately show the operation of the Accused Instrumentalities identified by
WesternGeco in its Infringement Contentions. [ON expressly reserves the right to revise, amend,
and/or supplement these disclosures and accompanying document production.

In accordance with Patent Rule 3-4(b), ION is providing under separate cover each item
of prior art within its respective possession, custody, or control identified pursuant to Patent Rule
3-3(a) above and that has not yet been produced in this matter. JON expressly reserves the right
to revise, amend, and/or supplement these disclosures and accompanying document production.

In accordance with patent Rule 3-4(c), ION previously provided documents summarizing
the revenue received from the sales of the Accused Instrumentalities. ION expressly reserves the
right to revise, amend, and/or supplement these disclosures and accompanying document

production.
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EXHIBIT 1

Anticipation of U.S. Patent No. 6,691,038 (the “Zajac ‘038 pateat™) by
International Patent Application WO 2000/20895 (“Hillesund ‘895 Application™)

1LS. Patent No. 6,691,038
Asserted Claims

Citations from Hillesund *895 Application

1. A seismic streamer array tracking
and positioning system comprising:

The Hillesund WO 00/20893 International Application discloses
this limitation,

See, e.g., Hillesund ‘895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined
for this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables.

See, e.g., Hillesund 895 at p. 4, Paragraph titled “Summary of
the Invention™,

a towing vessel for towing a seismic
array’;

The Hillesund 8935 application discloses this limitation.

See, e.g., Hillesund “893, Fig. [. See also Hillesund *895 at p. 5,
Paragraph 1 ("In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ..7),

an array comprising a plurality of
Seismic sircamers;

The Hillesund ‘895 reference discloses this limitation.

See, e.g., Hillesund *8935, Fig. 1. See afso Hillesund 895 at p. 5,
Paragraph | ("In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7).

an active streamer positioning device
{ASPD)Y attached o at least onc
scismic streamer for positioning the
secismic streamer relative to other
seismnic streamers within the array;

The Hillesund *8935 application discloses this hmitation,

See, e.g., Hillesund ‘895 at p. 6, Paragraph 1 (“Preferably the
birds 18 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as cvery 200 to 400 meters. The vertically and
horizontally stecrable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.™)

See, e.g., Hillesund “895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2 particularly in regard to ‘relative’ positioning of
streamers (“The inventive control system will primarily operate
i two different control modes: a feather angle control mode and
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U.S. Patent No. 6,691,038
Asserted Claims

Citations from Hillesund ‘895 Application

a turn control maode. In the feather angle control mode, the global
control system 22 attempts to keep each streamer in a straight
line offset from the towing direction by a certain feather angle ...

The turn control mode is used when ending one pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change”. The turn control mode consists of
two phases. In the first part of the turn, every bird 18 tries to
“throw out” the streamer 12 by generating a foree in the oppasite
direction of the turn. In the last part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control
mode. By doing this, a tighter turn can be achieved and the tura
time of the vessel and equipment can be substantially reduced,
Typically during the turn mode adjacent streamers will be depth
separated to avoid possible entanglement during the turn and will
be returned to a common depth as soon as possible after the
completion of the turn ... In extreme weather conditions, the
inventive control system may also operate in a streamer
separation control mode that attempts to minimize the risk of
entanglement of the streamers. In this control mode, the global
control system 22 attempts to maximize the distance between
adjacent streamers. The streamers 12 will typically be separated
in depth and the outermost streamers will be positioned as far
away from cach other as possible. The inner streamers will then
be regularly spaced between these outermost streamers, i.e. each
bird 18 will receive desired horizontal forces 42 or desired
horizontal position information that will direct the bird 18 to the
midpoint position between its adjacent streamers.™).

The “038 pateat discloses that this limitation was well known to
one skilled in the art prior to and at the time of the invention.

See, e.g., ‘038 patent, Col. 1, I 25-56 (discussing the known
prior art including attaching control apparatuses fo scismic
streamers to position streamers).

and a master coatroller for issuing
positioning commands to  each
ASPD to adjust a vertical and
horizontal position of a first streamer
relative to a second streamer within
the array for maintaining a specified
array geometry.

The Hillesund ‘895 application discloses this limitation.

See, e.g., Hillesund ‘895 at p. 6, Paragraph 2 {*In the preferred
embodiment of the present invention, the control system for the
birds T8 is distributed between a global control system 22
located on or near the seismic survey vessel 10 and a local
control system located within or near the birds 18, The global
control system 22 is typically connected to the seismic survey

-2
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LS. Patent No. 6,691,638
Asserted Claims

Citations from Hillesund ‘895 Application

vessel’s navigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity
and current direction and velocity, from the vessel’s navigation
system.”™).

See, e.g.. Hillesund 895 at p. 10, Paragraph 3 (“Puring
operation of the streamer positioning control system, the global
control system 22 preferably transmits, at regular intervals {such
as every five seconds) a desired horizontal force 42 and a desired
vertical force 44 (o the tocal controf system 36.7).

See, e.g., Hillesund ‘895 ar p. 18, Paragraph 2 ("The inventive
contrel system is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel [0
and the local control system 36 on the bird 8. The global
control system 22 is tasked with menitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the local control system 36. The local control
systemy 36 within each bird |8 is responsible for adjusting the
wing splay angle to rotate the bird to the proper position and for
adjusting the wing common angle to produce the magnitude of
total desired force required.”™.

See, eg., Hillesund “895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2; particularly in regard to the limitation of “specified
array geometry” (“The inventive contrel system will primartly
operate in two different control modes: a feather angle control
mode and a tumn control mode. In the feather angle control mode,
the global control system 22 attempis to keep each streamer in a
straight line offset from the towing direction by a certain feather
angle .... The turn control mode s used when ending one pass
and beginning another pass during a 3D seismic survey,
sometimes referred to as a “Hine change.” The turn control mode
consists of two phases. In the first part of the turn, every bird 18
tries to “throw ou!” the streamer 12 by generating a force in the
opposite direction of the turn. In the last part of the turn, the
birds |8 are directed to go to the position defined by the feather
angle control mode. By doing this, a tighter turn can be achieved
and the turn time of the vessel and equipment can be
substantially reduced. Typicaliy during the turn mode adjacent
streamers will be depth separated to avoid possible entanglement
during the turn and will be returned {o a common depth as soon
as possible after the completion of the turn ... In extreme
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.S, Patent No. 6,691,038
Asserted Claims

Citations from Hillesund ‘895 Application

weather conditions, the inventive control system may also
operate in a streamer separation control mode that attempts fo
minimize the risk of entanglement of the streamers. In this
control mode, the global control system 22 attempts to maximize
the distance between adjacent streamers. The streamers 12 will
typicalty be separated in depth and the outermost streamers will
be positioned as far away from cach other as possible. The inner
streamers will then be regularly spaced between these outermost
streamers, i.e. each bird 18 will receive desired horizontal forces
42 or desired horizontal position information that wiil direct the
bird 18 to the midpoint position between its  adjacent
streamers.” ).

2. The apparatus of claim | further

comprising: an environmental sensor
for sensing environmental  factors
which influence the path of the
towed array.

The Hillesund “895 application discloses this limitation.
See Claim 1 Analysis.

See, e.g.. Hillesund 895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers,”

See, e.g, UHillesund ‘895 at p. 8, Paragraph 1 ("The global
control system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading (degrees), current speed (m/s), current heading
{degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18. The global controf system
22 will preferably send the following values to the local bird
controller: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.”).

See, e.g.. Hillesund "895 at p. &, Paragraph 3 (“The “water-
referenced” towing velocity and crosscurrent velocity could
alternatively be determined using flowmeters or other types of
water velocity sensors attached directly to the hirds 18, Although
these types of sensors are typically quite expensive, one
advantage of this type of velocity determination system is that
the sensed in-line and cross-line velocities will be inherently
compensated for the speed and heading of marine currents acting
on said streamer positioning device and for relative movements
between the vessel 10 and the bird 18.7).
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3. The apparatus of claim | further

comprising:

The Hillesund 895 application discloses this limitation.
See Claim T Analysis.

a tracking system for tracking the
streamer  positions  versus  lme
during a seismic data acquisition run
and storing the positions versus time
in a legacy database for repeating the
posilions versus fime in a subseqguent
data acquisition;

The Hillesund “895 application discloses this limitation.

See, e.g., Hillesund 895 at p. 7, Paragraph 2 (“The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and utilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desired positions.”).

See, e.g.. Hillesund ‘895 at p. 7, Paragraph | (*In the preferred
embodiment of the present invention, the global control system
22 monitors the actual positions of each of the birds 18 and is
programmed with the desired positions of or the desired
minimwmn separations between the seismic streamers 12.7).

See, e.g., Hillesund 895 at p. & Paragraph | (“The global
controf system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading  (degrees), current speed {m/ss), current heading
{degrees), and the tocation of cach of the birds in the horizontal
plane in a vessel fixed coordinate system.™)

and an
system  for

array geomeiry  tracking
tracking the array
geometry  versus  time  during a
seismic data acquisition run and
storing the array geomelry versus
time in a legacy database for
repeating the array geometry versus
time in a subsequent data acquisition
run.

The Hillesund *895 application discloses this limitation.

Hillesund 895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2 (*The inventive control system will primarily
operate in two different conirol modes: a feather angle control
mode and a turn control mode. In the feather angle control mode,
the global control system 22 attempts to keep each streamer in a
straight line offset from the towing direction by a certain feather
angle. The feather could be input either manually, through use of
a current meter, or through use of an estimated value based on
the average horizontal bird forces. Only when the crosscurrent
velocity is very small will the feather angle be set to zero and the
desired streamer positions be in precise alignment with the
towing direction,

See, eg.,

The turn control mode is used when ending one pass and

(¥ ]
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beginning another pass during a 31> seismic survey, sometimes
referred to as a “line change.” The turn control mode consists of
two phases. In the first part of the turn, every bird 18 tries 1o
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control
mode. By doing this, a tighter turn can be achieved and the tumn
time of the vessel and equipment can be substantially reduced.
Typically during the turn mode adjacent streamers will be depth
separated to avoid possible entanglement during the turn and will
be returned to a commeon depth as soon as possible after the
completion of the turn. The vessel navigation system  will
typically notify the global control system 22 when to start
throwing the streamers 12 out, and when to start straightening
the streamers.

In extreme weather conditions, the inventive control system may
alse operate in a streamer separation control mode that attempis
to minimize the risk of entanglement of the streamers. In this
control mode, the global control system 22 attempts to maximize
the distance between adjacent streamers. The streamers 12 will
typically be separated in depth and the outermost streamers will
be positioned as far away from each other as possible. The inner
streamers will then be regularly spaced between these outermost
streamers, 1.¢. cach bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 18 to the midpoint position bhetween its  adjacent
streamers.” ).

4, The apparatus of claim 3 wherein
the master controtler compares the
positions of the streamers versus
time and the array geometry versus
time to a desired streamer position
and array geometry versus time and
issues posttioning commands to the
ASPDs to maintain  the desired
streamer position and array geometry
versus time.

The Hillesund “8935 application discloses this limitation,
See Claim 3 Analysis.

See, e.g., Hillesund “895 at p. 7, Paragraph 2 (“The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and utilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers [2 to move them from their actual positions to
their desired positions.”}.

See, e.g., Hillesund ‘895 at p. 18, Paragraph 2 (*The inventive
control system is based on shared responsibilities between the

]
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global controf system 22 located on the seismic survey vessel 10
and the local control system 36 located on the bird 18. The
global control system 22 is tasked with monitoring the positions
of the streamers 12 and providing desired forces or desired
position information to the local control svstem 36. The local
comtrol system 36 within each bird I8 is responsible for
adjusting the wing splay angle to rotate the bird fo the proper
position and for adjusting the wing common angle to produce the
magnitude of total desired force required.”).

5. The apparatus of claim 4 wherein

the master controller  factors  in
environmental  factors  into the
positioning commands £
compensaie for  environmental

influences on the positioning of the
streamers and the array geometry.

The Hillesund "895 application discloses this imitation.
See Claim 4 Analysis.

See, e.g., Hillesund 895 at p. 8, Paragraph 1 (*The global
control system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading  {degrees), current speed  (m/s)., current heading
{degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system. Curremt speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18. The global control system
22 will preferably send the following values to the local bird
controller: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.”).

See, e.g., Hillesund 893 at p. 6, Paragraph 3 {"Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the sueamers. To
compensate {or these {ocalized current fluctuations, the inventive
control  system  utilizes a distributed processing  control
architecture and behavior-predictive model-based control logic
to properly control the streamer positioning devices.”).

6. The apparatus of claim 4 wherein

the master controller compensates
for maneuverability in the
positioning commands to

compensate  for  maneuverability
influences on the positioning of the
streamers and the array geometry.

The Hillesund “895 application discloses this limitation.
See Claim 4 Analysis,

See, e.g., Hillesund “895 at p. 7, Paragraph 3 (“The global
control svstem 22 preferably caleulates the desired vertical and
horizontal forces based on the behavior of each streamer and
also takes into account the behavior of the complete streamer
array.”).
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See, e.g., Hillesund “895 at p. 8, Paragraph 3 (“The force and
velocity values are delivered by the global control system 22 as
separate  values for each bird 18 on each streamer 12
continuously during operation of the control system.™),

10, The apparatus of claim | wherein
the array geometry  comprises a
plurality of streamers positioned at a
uniform depth.

The Hitlesund “895 application discloses this limitation.
See Claim 1 Analysis.

See, e.g., Hillesund “895 at p. 6, Paragraph | (“Preferably the
birds 18 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflectar 16 and the tail
buoy 20 in both the vertical {depth) and horizontal directions.™

11, The apparatus of claim 1 wherein
the geomelry  comprises a
plurality of streamers positioned at a
plurality  of depths  for  varving
temporal resolution of the array.

array

The Hillesund *895 application discloses this limitation.
See Claim 1 Analysis.

See, e, Hillesund ‘895 at p. 6, Paragraph | (“Preferably the
birds 18 are both vertically and horizontally steerable. These
birds |8 may, for instance, be located at regular intervals aiong
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic sircamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical {depth) and horizontal directions.”)

See, c.p., Hillesund 895 at p. 19, Paragraph 2 (“In extreme
weather conditions, the inventive controf system may also
operate in a streamer separation contro!l mode that attempts to
minimize the risk of entanglement of the streamers. In this
control mode, the global control system 22 attempts to maximize
the distance between adjacent streamers. The streamers 12 will
tvpically be separated in depth and the outermost streamers will
be positioned as far away from each other as possibie”™)

£3. The apparatus of ¢claim 4 wherein
the arrgy geometry is tracked via
satetlite and communicated to the
master conirotler.

The Hillesund *895 application discloses this limitation.

See Claim 4 Analvsis.
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See, e.g., Hillesund ‘895 at p. 6, Paragraph 2 (*“The global
control system 22 is typically connected to the seismic survey
vessel’s navigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity
and current direction and velocity, from the vessel’s navigation
system.”).

See, e.g., Hillesund *BYS at p. 7, Paragraph | (“Alternatively, or
additionally, satellite-based global positioning system equipment
can be used to determine the positions of the equipment.”™).

14, A scisniic  streamer
tracking and positioning
comprising:

array
System

The Hillesund "895 application discloses this limitation.

See. e.g., Hillesund ‘895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined
for this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables,

See, e.g., Hillesund 895 at p. 4, Paragraph titled “Summary of
the Invention™.

a towing vessel for towing a seismic
array,

The Hillesund ‘895 application discloses this limitation,

See, e.g., Hillesund 895, Fig. L. See also Hillesund “895 at p. 5,
Paragraph 1 (“In Figure 1. a seismic surveyv vessel 10 is shown
towing eight marine scisnic streamers ... 7).

a seismic streamer array comprising
a plurality of seismic streamers; an
active streamer positioning  device
(ASPD) attached to each scismic
streamer for positioning cach seismic
streamer;

The Hillesund ‘895 application discloses this limitation,

See, e.g., Hillesund *893, Fig. 1. See afso Hillesund ‘895 at p. 5,
Paragraph | {("In Figure 1, & seismic survey vessel 10 is shown
towing eight marine seismic streamers ...

See, e.g., Hillesund *895 at p. 6, Paragraph | {“Preferably the
birds 18 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters, The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.™

9

WesternGeco Ex. 2033, pg. 38
IPR2015-00567
ION v WesternGeco




LS, Patent No. 6,691,038
Asserted Claims

Citations from Hillesund ‘895 Application

a  master  contraller  for  issuing
vertical and horizontal positioning
commands to  each ASPD  for
maintaining  a  specified  array
geomelry:

The Hillesund *895 application discloses this limitation.

See, e.g., Hillesund 895 at p. 6, Paragraph 2 (“In the preferred
embodiment of the present invention, the control system for the
birds I8 is distributed between a global control system 22
located on or near the scismic survey vessel 10 and a local
control system located within or near the birds 18, The global
controf system 22 is typically connected to the seismic survey
vessel’s navigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity
and current direction and velocity, from the vessel’s navigation
svsterm,™),

See, eg., Hillesund 895 at p. 10, Paragraph 3 (“During
operation of the streamer positioning control system, the global
control system 22 preferably transmits, at regular intervals (such
as every five seconds) a desired horizontal force 42 and a desired
vertical force 44 to the local controf system 36.™).

See, e.g., Hillesund *895 at p. 18, Paragraph 2 (*The inventive
control system is based on shared responsibilitics between the
global controf system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18. The global
control system 22 is tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the local control system 36, ...7).

See, eg, Hillesund ‘895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2; particularly in regard to the limitation of “specified
array geometry” (“The inventive control system will primarily
operate in two different control modes: a feather angle control
mode and a turn control mode. In the feather angle control mode,
the global control system 22 attempts to keep each streamer in a
straight line offset from the towing direction by a certain feather
angie ... The turn control mode is used when ending one pass
and beginning another pass during a 3D seismic survey,
sometimes referred to as a “line change”. ... Typically during the
turn mode adjacent streamers will be depth separated to avoid
possible entangiement during the turn and will be returned to a
common depth as soon as possible after the completion of the
turn .... In extreme weather conditions, the inventive control
system may also operate in a streamer separation control mode
that attempts to minimize the risk of entanglement of the

10
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streamers. In this control mode, the global control system 22
attempts o maximize the distance between adjacent streamers.
The streamers 12 will typically be separated in depth and the
outermost streamers will be positioned as far away from each
other as possible. ...7)

an environmental sensor for sensing
gnvironmenial factors which
influence the towed path of the
towed array;

The Hillesund *895 application discloses this limitation.

See, e.g.. Hillesund *895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers.”)

See, e.g., Hillesund “895 at p. 8, Paragraph 1 (*The global
control  system 22 will typically acquire the following
parameters from the vessel’s navigation system: vessel speed
{m/s), vessel heading (degrees), current speed {m/s), current
heading (degrees), and the location of each of the birds in the
horizontal plane in a vessel fixed coordinate system. ...

See. e.g., Hillesund “895 at p. 8, Paragraph 3 (“The “water-
referenced” towing velocity and crosscurrent velocity could
alternatively be determined using flowmeters or other types of
water velocity sensors attached directly to the birds 18. Although
these types of sensors are typically quite expensive, one
advantage of this type of veloeity determination system is that
the sensed in-line and cross-line velocities will be inherently
compensated for the speed and heading of marine currents acting
on said streamer positioning device and for relative movements
between the vessel 10 and the bird 18.7).

a tracking system for tracking the
streamer  horizontal  and  vertical
positions  versus tme during a
seismic data acquisition run;

The Hillesund ‘895 application discloses this limitation,

See, e.g., Hillesund ‘895 at p. 7, Paragraph 2 (“The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and utilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and horizontat forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desired positions.™).

See, e.g., Hillesund "895 at p. 7. Paragraph | (“In the preferred
embodiment of the present invention, the giobal control system
22 monitors the actual positions of each of the birds ..").

H
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See, e.g., Hillesund ‘895 at p. 8, Paragraph 1 (“The global
control system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed {(m/s), vessel
heading {degrees), current speed (mfs), current heading
{degrees}, and the location of each of the birds in the horizontal
plane in a vessel lixed coordinate system.™)

an array geometry tracking system
for wacking the array geometry
versus time during a seismic data
acquisition run, wherein the master
controller compares the vertical and
horizontal positions of the streamers
versus time and the array geometry

versus  lime  to  desired  streamer
positions and array geometry versus
time  and  issues  positioniag

commands to the ASPDs to maintain
the desired streamer positions and
array geometry versus rime,

The Hillesund “895 application discloses this limitation.

See, eg, Hillesund “895 at p. 7, Paragraph 2 (“The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and wtilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desired positions.™).

See, e.g., Hillesund “895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2 particularly in regard to the limitation of “maintain
the desired streamer positions and array geometry versus time.”
{*The inventive control system will primarily operate in two
different control modes: a feather angle control mode and a turn
control mode. In the feather angle control mode, the global
control system 22 attempts to keep each streamer in a straight
line offset from the towing direction by a certain feather angle
... The twrn control mode is used when ending one pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change.” The turn control mode consists of
two phases. In the first part of the turn, every bird I8 tries (o
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control
mode. ... In extreme weather conditions, the inventive control
sysiern may also operate in a streamer separation control mode
that attempts to minimize the risk of entanglement of the
streamers. In this control mode, the global control system 22
attempts to maximize the distance between adjacent streamers

N

WesternGeco Ex. 2033, pg. 41
IPR2015-00567
ION v WesternGeco




U.S, Patent No. 6,691,038
Asserted Claims

Citations from Hillesund ‘893 Application

i5. The apparatus of ciaim 14
wherein the master controlier factors
in environmental measurements into
the  positioning  commands 1o
compensate for  environmental
influences on the positions of the
streamers and the array geometry.

The Hillesund “895 application discloses this limitation,
See Claim 14 Analysis.

See, e.g., Hillesund *895 at p. 8, Paragraph 1 (“The global
control system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading (degrees), current speed (m/s). current heading
{degrees), and the location of ¢ach of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18, The global control system
22 will preferably send the following values to the local bird
controtler: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.™),

See, e.g., Hillesund ‘893 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
contrel  required  to  property  position  the streamers. To
compensate for these localized current fluctuations, the inventive
control  system  utilizes a  distributed  processing  control
architecture and behavior-predictive model-based control logic
to properly control the streamer positioning devices.”™).

16. The apparatus of claim 14
wherein  the  master  controler
compensates for maneuverability in
the  positioning  commands  {o
compensate  for  maneuverability
influences on the positioning of the
streamers and the array geometry,

The Hillesund "895 application discloses this Hmitation.
See Claim 14 Analysis.

See, e.g., Hillesund 895 at p. 7. Paragraph 3 (“The global
control system 22 preferably calculates the desired vertical and
horizontal forces based on the behavior of ecach streamer and
also takes into account the behavior of the complete streamer
array.” ).

A Person Having Ordinary Skill In The Art at the time of the
invention would find this limitation to be inherent in the
invention. To “compensate for maneuverability influences™ it
would be necessary to take into account various maneuverability
factors, including, but not necessarily limited to, cable diameter,
array type, deployved configuration, vessel type, device type, etc.
which are part of the basis for the behavior of the streamers.

See, e.g, Hilesund 895 at p. &, Paragraph 3 (*The force and
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velocity values are delivered by the global control system 22 as
separate  values for each bird 18 on each streamer 12
continuously during operation of the control system.”™).

20, A seismic  streamer  array
tracking and positioning  system
comprising:

The Hillesund "895 application discloses this mitation.

See, e.g., Hillesund 8935 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers,  Actual positions are determined
for this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables,

See, ¢.g., Hillesund “B93 at p. 4, Paragraph titled “Summary of
the Invention.”

a towing vessel for towing a seismic
array;

The Hillesund “895 application discloses this limitation,

See, e.g.. Hillesund *895, Fig. 1. See also Hillesund *8935 at p. 3,
Paragraph 1 (*In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ... 7).

& seismic streamer array comprising
a plurality of seismic streamers;

The Hillesund “895 application discloses this imitation.

See, e.g., Hillesund ‘895, Fig. 1. See also Hillesund ‘893 at p. 5,
Paragraph | {*In Figure |, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ")

an aclive streamer positioning device
{ASPD} attached to cach scismic
streamer tor vertically and
horizontally positioning each seismic
streamer relative to the array,;

The Hillesund ‘893 application discloses this limitation.

See, e.g., Hillesund ‘895 at p. 6, Paragraph 1 {"Preferably the
birds 18 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters, The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical {depth) and horizontal directions.”™)

See. eg., thllesund ‘895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2 particulacly in regard 10 the lHmitation of
“positioning each seismic streamer relative to the array”. ("“The
inventive control system will primarily operate in two different
control modes: a feather angle control mode and a turn control
mode. In the feather angle control mode, the global control

14
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system 22 attempts to keep each streamer in a straight line offset
from the towing direction by a certain feather angle .... The turn
control mode is used when ending onc pass and beginning
another pass during a 3 seismic survey, sometimes referred to
as a “line change™. The turn control mode consists of two phases.
In the first part of the turn, every bird 18 wries to “throw out” the
strecamer 12 by generating a force in the opposite direction of the
turn. In the last part of the turn, the birds 18 are directed to go to
the position defined by the feather angle contrel mede.... In
extreme weather conditions, the inventive control system may
also operate in a streamer separation control mode that attempts
to minimize the risk of entanglement of the streamers. In this
control mode, the global control syvstem 22 attempis to maximize
the distance between adjacent streamers. The streamers 12 will
typically be separated in depth ..7).

The ‘038 patent discloses that this Hmitation was well known {0
one skilled in the art prior to and at the time of the invention.

See, eg., ‘038 patent, Col. 1, Il 25-56 (discussing the known
prior art including attaching control apparatuses to seismic
streamers to position streamers),

and a master controller for issuing
positioning  commands 1o eacl
ASPD for maintaining a specified
array path.

prov

The Hillesund "89S application discloses this limitation.

See, e.g., Hillesund 895 at p. 6, Paragraph 2 (“In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global control system 22
located on or near the seismic survey vessel 10 and a local
control system located within or near the birds ...,

See, e.g, Hillesund 895 at p. 10, Paragraph 3 (“During
operation of the streamer positioning control system, the global
control system 22 preferably transmits, at regular intervals (such
as every five seconds) a desired horizontal force 42 and a desired
vertical force 44 to the local controf system 36.7),

See, eg., Hillesund ‘895 at p. 18, Paragraph 2 (“The inventive
control system is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18. The global
control system 22 is tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position

15
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information to the local control system 36. The local control
system 36 within each bird 18 is responsible for adjusting the
wing splay angle to rotate the bird to the proper position and for
adjusting the wing common angle (o produce the magnitude of
tetal desired force required.™).

See, e.g., Hillesund “895 at p. I8, Paragraph 3, to p. 19,
Paragraph 2; particularly in regard to the limitation of “specified
array path” {*The inventive control system will primarily operate
in two different control modes: a feather angle contro} mode and
a turn control mode. In the feather angle control mode, the global
control system 22 attempts to keep each streamer in a straight
line offset from the towing direction by a certain feather angle ...
The turn control mode is used when ending one pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change.” The turn control mode consists of
two phases. In the first part of the e, every bird I8 tries fo
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn. In the last part of the tum, the birds 18 are
directed to go to the position defined by the feather angle control
mode. ... In extreme weather conditions, the inventive control
system may also operate in a streamer separation control mode
that altempts to minimize the risk of entanglement of the
streamers. In this control mode, the global control system 22
attempts to maximize the distance between adjacent streamers.
The streamers 12 will typically be separated in depth and the
outermost streamers will be positioned as far away from each
other as possible. The inner streamers will then be regularly
spaced between these outermost streamers, i.e. each bird 18 will
receive desired horizontal forces 42 or desired horizontal
position information that will direct the bird 18 to the midpoint
position between its adjacent streamers.”).

21. The apparatus of claim 20
wherein the master controller issues
positioning commands to the towing
vessel for maintaining 2 specified
array path,

The Hillesund “895 application discloses this limitation.
See Claim 20 Analysis.

See, e.g., Hillesund ‘895 at p. 6. Paragraph 2 (“The global
control system 22 is typically connected to the seismic survey
vessel’s navigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity
and current direction and velocity, from the vessel’s navigation
svstem.”)
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In addition, Persons Having Ordinary Skiil In The Art will
readily recognize that the seismic survey vessel’s navigation
system is typically utilized to steer the vessel in routine seismic
acquisition operations (“auto-pilot™).

22. The apparatus of claim 20 further
comprising:

The Hillesund 895 application discloses this limitation.

See Claim 20 Analysis.

a processor  for calculating  an
optimal path for the seismic array for
optimal coverage during seismic data
acquisition over a seismic field;

The Hillesund ‘893 application discloses this limitation.
See Claim 20 Analysis,
Sec, e.g., Hillesund “895, Fig 4.

See, e.g., Hillesund 895 at p. 6, Paragraph 3 (“To compensate
for these localized current fluctuations, the inventive conirol
system utilizes a distributed processing control architecture and
behavior-predictive  model-based control logic to  properly
control the streamer positioning devices.”).

a streamer behavior  prediction
processor  which  predicts  array
behavior;

The Hilesund ‘895 application discloses this limitation.

See, e.g., Hillesund 895 at p. 6, Paragraph 3 (“To compensate
for these localized current fluctuations, the inventive control
system utitizes a distributed processing control architecture and
behavior-predictive  model-based  control  logic to  properly
control the streamer positioning devices,™).

and wherein the master controller
compensates for predicted streamer
behavior in issuing vertical and
horizontal positioning commands to
the towing vessel and the ASPDs for

The Hillesund *895 application discloses this limitation,

See, e.g., Hillesund 895 at p. 6, Paragraph 3 (*To compensate
for these localized current fluctuations, the inventive control
system utilizes a distributed processing control architecture and

positioning the array along the | behavior-predictive  model-based control logic to properly
optimal path. control the streamer positioning devices.”).

23. The apparatus of claim 22 | The Hillesund ‘895 application discloses this Himitation.

wherein  the master  controller

compensates  for  environmental | See Claim 22 Analysis.

facters in the positioning commands.

See, eg., Hillesund “895 at p. 8, Paragraph 1 (“The global
control system 22 will typicaily acquire the following parameters
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from the vessel's navigation system: vessel speed (m/s), vessel
heading (degrees), current speed (m/s), current heading
(degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18. The global control system
22 will preferably send the following values to the local bird
controller: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.”).

See, e.g., Hillesund ‘895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control  reguired to  property  position  the streamers. To
compensate for these localized current fluctuations, the inventive
control - system  utilizes a distributed  processing  control
architecture and behavior-predictive model-based control logic
to properly control the streamer positioning devices.™).

24. The apparatus of claim 23
wherein - the  master  controlier
compensates  for  maneuverability

factors in the positioning commands,

The Hillesund “895 application discloses this limitation.
See Claim 23 Analysis.

See, e.g., Hillesund “895 at p. 7, Paragraph 3 (“The global
control system 22 preferably calculates the desired vertical and
horizontal forces based on the behavior of each streamer and
also takes into account the behavior of the complete streamer
array.”).

This limitation is inherent. It would be necessary to take into
account some maneuverability factors such as cable diameter,
array type, deployed configuration which are part of the basis for
the behavior of the streamers to be able to implement the
invention of Claim 23,

See, e.g.. Hillesund *895 at p. 8, Paragraph 3 (“The force and
velocity values are delivered by the global control system 22 as
separate values for each bird 18 on each streamer 12
continuously during operation of the control system.”).

25, A seismic  streamer
tracking  and  positioning
comprising;

array
system

The Hillesund 893 application discloses this limitation.

See, e.g., Hillesund ‘895 generaily, which discloses a svstem
wherein a towing vessel tows a seismic array comprised of a

I8
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plurality of seismic streamers. Actual positions are determined
for this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables.

See, e.g., Hillesund 895 at p. 4, Paragraph titled “Summary of
the Invention.™

a towing vessel for towing a seismic
array:

The Hillesund *895 application discloses this limitation.

See, e.g., Hillesund 895, Fig. }. See also Hillesund “895 at p. 5,
Paragraph 1 {“In Figure 1, 2 seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7)

a seismic streamer array comprising
a plurality of seismic streamers;

The Hillesund ‘895 application discloses this limitation,

See, e.g., Hillesund *8935, Fig. 1. See also Hillesund ‘895 at p. 3,
Paragraph 1 ("In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...\

an active streamer positioning device
(ASPID) attached to each seismic
streamer for vertically and
hortzontally positioning each seismic
streamer relative o the array;

The Hillesund ‘895 application discloses this limitation.

See, e.g., Hillesund *895 at p. 6, Paragraph 1 {(“Preferably the
birds I8 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 2{} in both the vertical {depth) and horizontal directions.™)

See, eg. Hillesund 895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2 particularly in regard to ‘relative” positioning of
streamers {“The inventive control system will primarily operate
in two different contrel modes: a feather angle control mode and
a turn controf mode. In the feather angle control mede, the global
conirol system 22 attempts to keep each streamer in a straight
line offset from the towing direction by a certain feather angle
.... The tarn control mode is used when ending one pass and
beginning another pass during a 3D seismiic survey, sometimes
referred to as a “line change”. The turn control mode consists of
two phases. In the first part of the turn, every bird 18 tries to
“throw out” the streamer |2 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control

19
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maode, By doing this, a tighter turmn can be achieved and the turn
time of the vessel and equipment can be substantiaily reduced.
Typically during the turn mode adjacent streamers will be depth
separated to avoid possible entanglement during the turn and will
be returned to a common depth as soon as possible after the
completion of the wrn .... In extreme weather conditions, the
inventive control system may also operate in a streamer
separation control mode that atempts to minimize the risk of
entanglement of the streamers. In this control mode, the global
control system 22 attempts to maximize the distance between
adjacent streamers. The streamers 12 will typically be separated
in depth and the outermost streamers will be positioned as far
away from each other as possible. The inner streamers will then
be regularly spaced between these outermast streamers, i.¢. each
bird 18 will receive desired horizontal forces 42 or desired
horizontal position information that will direct the bird 18 to the
midpoint position between its adjacent streamers.”).

The 038 patent discloses that this limitation was well known to
one skilled in the art prior 10 and at the time of the invention.

See, e.g, ‘038 patent, Col. 1, Il 23-36 (discussing the known
prior art including attaching control apparatuses fo seismic
s{reamers to position streamers).

2 master  controller  for  issuing
positioning  commands  to  cach
ASPD and to the towing vessel for
mainiaining  an  optimal  path,
wherein the master controller further
comprises a processor for caleulating
an optimal path for the seismic array
for optimal coverage during seismic
data acquisition over a seismic field,
and a streamer behavior prediction
processor  which  predicts  array
hehavior,  wherein the  master
controller compensates for predicted
streamer  behavior  in issuing
positioning commands to the towing
vessel  and  the  ASPDs  for
positioning  the awray along the
optimal path, wherein the master

The Hillesund “893 apphication discloses this lmitation,

See, e, Hillesund “895 at p. 6, Paragraph 2 (“In the preferred
embodiment of the present invention, the control system for the
birds 18 is distribuled between a global control system 22
tocated on or near the seismic survey vessel 10 and a local
control system located within or near the birds 18, The global
control system 22 is typically connected to the seismic survey
vessel's navigation svstem and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity
and current direction and velocity, from the vessel’s navigation
system.”).

See, e.g. Hillesund ‘895 at p. 10, Paragraph 3 (“During
operation of the streamer positioning controf system, the global
control system 22 preferably transmits, at regular intervals (such
as every five seconds) a desired horizontal force 42 and a desired
vertical force 44 to the local control system 36.77).
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controller compensates for
environmental and maneuverability
factors in the positioning commands.

See. e.g., Hillesund “895 at p. 18, Paragraph 2 (“The inventive
control system is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18. The global
control system 22 s tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the local control system 36. The local conirol
system 36 within each bird 18 is responsible for adjusting the
wing splay angle to rotate the bird to the proper position and for
adjusting the wing common angle to produce the magnitude of
total desired force required.™).

See. e.g, Hillesund 895 at p. 18, Paragraph 3, 10 p. 19,
Paragraph 2 (“The inventive control system will primarily
operate in two different control modes: a feather angle control
mode and a turn control mode. In the feather angle control mode,
the global control system 22 attempts to keep each streamer in a
straight line offset from the towing direction by a certain feather
angle ... The turn control mode is used when ending one pass
and beginning another pass during a 3D seismic survey,
sometimes referred 1o as a “line change.” The turn control mode
consists of two phases. [n the first part of the turn, every bird 18
tries to “throw out” the streamer 12 by generating a force in the
opposite direction of the turn. In the last part of the turn, the
birds 18 are directed 1o go to the position defined by the feather
angle control mode. By doing this, a tighter tura can he achieved
and the wrn time of the wvessel and equipment can be
substantially reduced. Typically during the turs mode adjacent
streamers will be depth separated to avoid possible entanglement
during the turn and will be returned to a common depth as soon
as possible after the completion of the tum ... In extreme
weather conditions, the inventive control svstem may also
operate in a streamer separation control mode that attempts to
minimize the risk of entanglement of the streamers. In this
control mode, the global control system 22 attempts to maximize
the distance between adjacent streamers. The streamers 12 will
typically be separated in depth and the outermost streamers will
be positioned as far away from each other as possible. The inner
streamers will then be regularly spaced between these outermost
streamers, t.e. each bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 18 to the midpoint position between its adjacent

21
WesternGeco Ex. 2033, pg. 50
IPR2015-00567
ION v WesternGeco




LS, Patent No. 6,691,038
Asserted Claims

Citations from Hillesund ‘895 Application

streamers,”),

See, e.g., Hillesund ‘895 at p. 8, Parvagraph 1 (“The global
control system 22 will typically acquire the following parameters
from the vessel's navigation system: vessel speed (m/s), vessel
heading (degrees), cuwrrent speed (m/s), current heading
(degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18, The global control system
22 will preferably send the following values to the local bird
controter: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.”).

See, e.g.. Hillesund *895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control  required to  property position the streamers. To
compensate for these localized current fluctuations, the inventive
control  system  utilizes a  distributed  processing  control
architecture and behavior-predictive model-based control logic
to properly control the streamer positioning devices.”).

See, e.g., Hillesund 895 at p. 7, Paragraph 3 (“The global
control system 22 preferably calculates the desired vertical and
horizontal forces based on the behavior of each streamer and
also takes into account the behavior of the complete streamer
array.”).

26, A method for tracking and
positioning a scismic streamer array
comprising:

The Hillesund 895 application discloses this limitation.

See, e.g. Hillesund "89S generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined
for this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables.

See, e.g., Hillesund ‘895 at p. 4, Paragraph titled “Summary of
the Invention.”

for towing a  seismic  array
comprising a plurality of seismic
streamers;

The Hillesund *8953 application discloses this limitation.

See, e.g., Hillesund ‘895, Fig. 1. See also Hillesund *895 at p. 5,
Paragraph | (“In Figure 1, a seismic survey vessel 10 is shown
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lowing cight marine seismic streamers ...7).

attaching  an  active  streamer
positioning  device (ASPIY)  each

seismic streamer for positioning the
seismic streamer relative to other
seismic streamers within the array;

The Hillesund *895 application discloses this limitation,

See, e.g., Hillesund *895 at p. 6, Paragraph 1 (“Preferably the
birds I8 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical {(depth) and horizontal directions.™
See, eg., Hillesund ‘895 at p. 18, Paragraph 3, 1o p. 19,
faragraph 2 particularly in regard to ‘relative’ positioning of
streamers (*The inventive control system will primarily operate
in two different control modes: a feather angle control mode and
a turn control mode. In the feather angle control mode, the global
controb system 22 attempts to keep each streamer in a siraight
line offset from the towing direction by a certain feather angle
The turn control mode is used when ending onc pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change.” The turn control mode consists of
two phases. In the first part of the turn, every bird 18 ties o
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control
mode. By doing this, a tighter turn can be achieved and the turn
time of the vessel and equipment can be substantially reduced.
Typically during the turn mode adjacent streamers will be depth
separated to avoid possible entanglement during the turn and will
be returned to a common depth as soon as possible after the
completion of the turn ... In extreme weather conditions, the
inventive control system may also operate in a streamer
separation control mode that attempts to minimize the risk of
entanglement of the streamers. In this control mode, the global
control system 22 attempts to maximize the distance between
adjacent streamers. The streamers 12 will typically be separated
in depth and the outermost streamers will be positioned as far
away from each other as possible. The inner streamers will then
be regularly spaced between these outermost streamers, i.e. each
bird 18 will receive desired horizontal forces 42 or desired

-2
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horizontal position information that will direct the bird 18 to the
midpoint position between its adjaceni streamers.”).

The *038 patent discloses that this limitation was well known to
one skilled in the art prior to and at the time of the invention.

See, e.g., "038 patent, Col. I, Il. 25.56 (discussing the known
prior art including attaching control apparatuses to seismic
streamers to position streamers).

and issuing vertical and horizontal
positioning  commands  to each
ASPD for maintaining a specified
array geometry.

The Hitlesund “895 application discloses this limitation.

See, e.g., Hillesund “895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2; particularly in regard to the limitation of “specified
array geometry” (“The inventive control system will primarily
operate in two different control modes: a feather angle control
mode and a turn control mode. In the feather angle control mede,
the global control system 22 attempts fo keep each streamer in a
straight line offset from the towing direction by a certain feather
angle ... The turn control mode is used when ending one pass
and beginning another pass during a 3D seismic survey,
sometimes referred to as a “line change.” The turn control mode
consists of two phases. In the first part of the turn, every bird 18
tries to “throw out” the streamer 12 by generating a force in the
opposite direction of the turn. ... In extreme weather conditions,
the inventive control system may also operate in a streamer
separation control mode that attempts to minimize the risk of
entanglement of the streamers, In this control mode, the global
control system 22 attempts to maximize the distance between
adjacent strecamers. The streamers 12 will typically be separated
in depth and the outermost streamers will be positioned as far
away from each other as possible. The inner streamers will then
be regularly spaced between these outermost streamers, i.e. cach
bird 18 will receive desired horizontal forces 42 or desired
horizontal position information that will direct the bird 18 to the
midpoint position between its adjacent streamers.”).

27. The method of claim 26 further

comprising: providing an
environmental  sensor for sensing
environmental factors which

influence the path of the towed
array.

The Hillesund “895 application discloses this limitation.

See, e.g., Hillesund ‘895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically infiuence the magnitude of the side
control required (o property position the streamers,
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See. e.g, Hillesund *895 at p. 8, Paragraph | (“The global
control system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed {nv/s), vessel
heading (degrees), current speed (m/s), current heading
{degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18, The global control system
22 will preferably send the following values to the local bird
contrelier: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity,™).

See, e.g., Hillesund ‘8935 at p. 8, Paragraph 3 (“The “water-
referenced” towing velocity and crosscurrent velocity could
alternatively be determined using flowmeters or other types of
water velocity sensors attached directly to the birds 18, Although
these types of semsors are typically quite expensive, one
advantage of this type of velocity determination system is that
the sensed in-line and cross-line velocities will be inherently
compensated for the speed and heading of marine currents acting
on said streamer positioning device and for relative movements
between the vessel 10 and the bird 18.7).

28, The method of claim 26 further
comprising: providing a  tracking

systemy for fracking the streamer
pusitions  versus  time during a

seismic data acquisition run  and
storing the positions versus time in a
legacy database for repeating the
positions versus time in a subsequent
data acquisition; and providing an
array geometry tracking svstem for
tracking the amray geomelry versus
time  during a  seismic  data
acquisition run and storing the array
geometry versus time in a legacy

database for repeating the array
geometry  versus  time  in a

subsequent data acquisition run.

The Hillesund 895 application discloses this limitation,
See Claim 26 Analysis.

See, e.g., Hillesund “895 at p. 7, Paragraph 2 (“The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and utilizes the desired and actual
positions of the birds I8 to regularly calculate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desired positions.™).

See, e.g., Hillesund *895 at p. 7, Paragraph 1 (“In the preferred
embodiment of the present invention, the global control system
22 monitors the actual positions of each of the birds 18 and ig
programimed with the desired positions of or the desired
minimum separations between the seismic streamers 12.7).

See, e.g., Hillesund 893 at p. 8, Paragraph 1 (“The global
conirol system 22 will typically acquire the following parameters
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from the vessel’s navigation system: vessel speed {(mm/s), vessel
heading  (degrees), current speed (m/s), current  heading
{degrees), and the location of cach of the birds in the horizonal
planc in a vessel fixed coordinate system.™)

In regard 1o “array geometry tracking system,” see, eg.,
Hillesund *895 at p. 18, Paragraph 3 to p. 19, Paragraph 2 (“The
inventive control system will primarily operate in two different
control modes: a feather angle control mode and a turn control
mode. In the feather angle control mode, the global control
system 22 attempts to keep each streamer in a straight line offset
from the towing direction by a certain feather angle. The feather
could be input either manuaily, through use of a current meter, or
through use of an estimated value based on the average
horizontal bird forces. Only when the crosscurrent velocity is
very small will the feather angle be set to zero and the desired
streamer positions be in precise alignment with the towing
direction.

The turn control mode is used when ending one pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change™. The turn control mode consists of
iwo phases. In the first part of the turn, every bird 18 tries to
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn. In the Tast part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control
mode. By doing this, a tighter turn can be achieved and the turn
time of the vessel and equipment can be substantially reduced.
Typically during the turn mode adjacent streamers will be depth
separated to avoid possible entanglement during the turn and will
be returned to a common depth as soon as possible after the
completion of the turn. The vessel navigation system will
typically notify the global control system 22 when (o start
throwing the streamers 12 out, and when to start straightening
the streamers,

In extreme weather conditions, the inventive control system may
also operate in a streamer separation control mede that attempts
to minimize the risk of entanglement of the streamers. In this
control mode, the global control system 22 atlempts to maximize
the distance between adjacent streamers. The streamers 12 will
typicalty be separated in depth and the outermost streamers will
be positioned as far away from each other as possible. The inner
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streamers witl then be regularly spaced between these outermost
streamers, i.e. each bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 18 to the midpoint position between its adjacent
streamers.”).

29, The method of claim 28 wherein
the master controller compares the
positions of the streamers versus
time and the array geometry versus
time (o a desired streamer position
and array geometry versus time and
issues positioning commands to the
ASPDs  to maintain the desired
streamer position and array geometry
versus time,

The Hillesund “895 application discloses this limitation.
See Claim 28 Analysis.

See, e.g, Hillesund *895 at p. 7, Paragraph 2 (“The global
control systems 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and utilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desired positions.™).

See, e.g., Hillesund *895 at p. 18, Paragraph 2 (“The global
control system 22 is tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the local control system 36. The local control
system 36 within each bird 18 is responsible for adjusting the
wing splay angle to rotate the bird to the proper position and for
adjusting the wing common angle to produce the magnitude of
total desired force required.”™).

30, The method of claim 29 wherein

the master controller  factors in
environmental  factors  into  the
positioning commands to
compensaie for environmental

influences on the positioning of the
streamers and the array geometry.

The Hitlesund “B95 application discloses this Bmitation.
See Claim 29 Analysis.

See, e.g., Hillesund ‘895 at p. 8, Paragraph 1 (“The global
control system 22 wil typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading (degrees), current speed (m/s), current heading
(degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18. The global contro! system
22 will preferably send the following values to the local bird
controller: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.”).
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See, e g, Hillesund *895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control - required  to  property position the streamers. To
compensate for these localized current {luctuations, the inventive
control  system  utilizes a distributed processing  control
architecture and behavior-predictive model-based control logic
to properly control the streamer positioning devices.™).

3i. The method of claim 30 wherein
the master controlier compensates

for maneuverability H the
positioning commands 1o
compensate  for  maneuverability

influences on the positioning of the
streamers and the array gecometry,

The Hillesund “893 application discloses this imitation.
See Claim 30 Analysis.

See, eg., Hillesund ‘895 at p. 7, Paragraph 3 (“The global
control system 22 preferably calculates the destred vertical and
horizontal forces based on the behavior of each streamer and
also takes into account the behavior of the complete streamer
array.” ).

A Person Having Ordinary Skill In The Art at the time of the
invention would find this limitation to be inhereni in the
invention.  To “compensate for maneuverability influences” it
would be necessary to take into account various maneuverability
factors, including, but not necessarily limited to, cable diameter,
array type, deployed configuration, vessel type, device type, ete.
which are part of the basis for the behavior of the streamers.

See, e.g., Hillesund “895 at p. 8, Paragraph 3 (“The force and
velocity values are delivered by the global control system 22 as
separate  values for each bird 18 on each sireamer 12
continuously during operation of the control system.™).

35. The method of claim 26 wherein
the array geometry comprises a
plurality of streamers positioned at a
uniform depth.

The Hillesund ‘895 application discloses this limitation.
See Claim 26 Analysis.

See. e.g. Hillesund ‘895 at p. 6, Paragraph 1 (“Preferably the
birds I8 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters, The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical {(depth) and horizontal directions.”)
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36. The method of claim 26 wherein
the array geometry comprises a
plurality of streamers positioned at a
plurality  of depths for varving
temporal resolution of the array.

‘The Hillesund *895 application discloses this limitation.
See Claim 26 Analysis.

See, e.g., Hillesund 895 at p. 6, Paragraph 1 (“Preferably the
birds 18 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical {(depth) and horizontal directions.™

See, e.g., Hillesund “895 at p. 19, Paragraph 2 (“In extreme
weather conditions, the inventive control system may also
operate in a streamer separation control mode that attempts to
minimize the risk of entanglement of the streamers. In this
control mode, the global control system 22 attempts to maximize
the distance between adjacent streamers. The streamers 12 will
typically be separated in depth and the outermost streamers will
be positioned as far away from each other as possibie™)

38, The method of claim 29 wherein
the array geometry is tracked via
sateilite and communicated to the
master controller,

The Hillesund “895 application discloses this Hmitation,
See Claim 29 Analysis.

See, ¢.g., Hillesund ‘895 at p. 7, Paragraph | (“The horizontal
positions of the birds 18 can be derived, for instance, using the
types of acoustic positioning  systems Alternatively, or
additionally, satelite-based global positioning system equipment
can be used to determine the positions of the equipment.”™

39. A method for tracking and
positioning a seismic streamer array
comprising:

The Hillesund *895 application discloses this limitation.

See. e.g., Hillesund ‘895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined
for this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables.

See, e.g., Hillesund 895 at p. 4, Paragraph titled “Summary of
the Invention,”
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towing a seismic array comprising a
plurality of seismic streamers from a
towing vessel;

The Hillesund 895 application discloses this limitation.

See, e.g., Hillesund "895, Fig. 1. See also Hillesund 895 at p. 3,
Paragraph 1 (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...

See, e.g., Hillesund ‘895, Fig. . See afso Hillesund *895 at p. 5,
Paragraph | (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers .7

attaching  an  active  streamer
positioning device (ASPD) to cach
seisptie streamer for positioning each
sCISITHC sireamer;

The Hillesund 895 application discloses this Hmitation.

See, eg., Hillesund *895 at p. 6, Paragraph 1 (“Preferably the
birds 18 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used o constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
huoy 20 in both the vertical (depth) and horizontal directions,™)

See, eg., Hillesund ‘895 at p. I8, Paragraph 3, to p. 19,
Paragraph 2 particularly in regard to “positioning” of streamers
{*The inventive control system will primarily operate in two
different control modes: a feather angle control mode and a turn
control mode. ...7")

In extreme weather conditions, the inventive control system may
also operate in a streamer separation control mode that attempts
to minimize the risk of eatanglement of the streamers. ..").

The “038 patent discloses that this hmitation was well known 1o
one skilled in the art prior to and at the time of the invention.

See, e.g, "038 patent, Col. |, Il 25-36 (discussing the known
prior art including attaching control apparatuses to seismic
streamers 10 position streamers),

issuing positioning commands from
a masier controlier to each ASPD to
adjust  vertical  and  horizontal
position of a first streamer relative to
a second streamer in the array for
maintaining a  specified  array

The Hillesund 895 application discloses thig limitation.

See, e.g., Hillesund ‘895 at p. 6, Paragraph 2 (“In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global control system 22
located on or near the seismic survey vessel 10 and a local
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geometry;

control system located within or near the birds 18.7).

See, eg., Hillesund 895 at p. 10, Paragraph 3 (“During
operation of the streamer positioning control system, the global
control system 22 preferably transmits, at regular intervals (such
as every five seconds) a desired horizontal force 42 and a desired
vertical force 44 to the local control system 36.).

See, e.g., Hillesund ‘893 at p. 18, Paragraph 2 (“The inventive
controt system is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18, The global
control system 22 is tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the local control system 36. The local control
svstem 36 within each hird 18 is responsible for adjusting the
wing splay angle to rotate the bird to the proper position and for
adjusting the wing common angle 1o produce the magnitude of
total desired foree required.”).

See, eg. Hillesund ‘895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2. particularly in regard to the limitation of
“maintaining a specified array geometry” ("The Inventive
control system will primarily operate in two different control
modes: a feather angle control mode and a turn control mode. In
the feather angle control mode, the global control system 22
attempts to keep cach streamer in a straight line offset from the
towing direction by a certain feather angle ... The turn control
mode is used when ending cne pass and beginning another pass
during a 3D seismic survey, sometimes referred to as a “line
change.” The turn control mode consists of two phases. In the
first part of the turn, every bird 18 tries to “throw out” the
streamer {2 by generating a force in the opposite direction of the
tury, In the last part of the turn, the birds 18 are directed to go to
the position defined by the feather angle control mode, By doing
this, a tighter turn can be achieved and the turn time of the vessel
and equipment can be substantially reduced. Typically during the
turn mode adjacent streamers will be depth separated fo avoid
possible entanglement during the turn and will be returned {0 a
common depth as soon as possible after the completion of the
ture ... In extreme weather conditions, the inventive control
system may also operate in a streamer separation control mode
that attempts 1o minimize the risk of entanglement of the
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streamers. In this control mode, the global control system 22
attempts to maximize the distance between adjacent streamers.
The streamers 12 will typically be separated in depth and the
outermost streamers will be positioned as far away from each
other as possible. The inner streamers will then be regularly
spaced between these outermost streamers, i.e. cach bird 18 will
receive desired horizontal forces 42 or desired horizonal
position information that will direct the bird 18 to the midpoint
position between its adjacent streamers.”).

sensing environmental factors which

The Hillesund *895 application discloses this limitation.

See, e.g., Hillesund 895 at p. 6, Paragraph 3 ("Localized current
fluctuations can dramatically imfluence the magnitude of the side
control required to property position the streamers.”)

See, eg. Hillesund ‘895 at p. 8, Paragraph 1 (*The global
control system 22 wil typically acquire the following parameters
from the vessel's navigation systemn: vessel speed (m/s), vessel
heading {(degrees), current speed (m/s), current heading
{degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18. The global controf system
22 will preferably send the following values to the tocal bird
controtler: demanded vertical force, demanded horizontal foree,
towing velocity, and crosscurrent velocity.”).

See. eg. Hillesund 895 at p. 8, Paragraph 3 (“The “water-
referenced™ fowing velocity and crosscurrent velocity could
alternatively be determined using flowmeters or other tvpes of
water velocity sensors attached directly to the birds 18. Although
these types of sensors are typically quite expensive, one
advantage of this type of velocity determination system is that
the sensed in-line and cross-line velocities will be inherently
compensated for the speed and heading of marine currents acting
on said streamer positioning device and for relative movements
between the vessel 10 and the bird 18.7).

influcnce the towed path of the
towed array;
tracking  the streamer positions

versus time during a seismic data
acquisition run;

The Hillesund 893 application discloses this limitation.

See. e, Hillesund 895 at p. 7, Paragraph 2 (“The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and utilizes the desired and actual
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positions of the birds 18 to regularly calculate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desired positions.”).

See, e.g.. Hillesund *895 at p. 7, Paragraph | {(*In the preferred
embodiment of the present invention, the global controlf system
22 monitors the actual positions of each of the birds 18 and is
programmed with the desired positions of or the desired
minimum separations between the seismic streamers 12.7),

See, e.g.. Hillesund ‘895 at p. 8, Paragraph | (“The global
control system 22 will typically acquire the following parameters
from the vessel's navigation system: vessel speed (m/s), vessel
heading (degrees), current speed (m/s), current heading
{degrees), and the location of cach of the birds in the horizontal
plane in a vessel fixed coordinate system.”)

Versus
data
master

tracking the array geometry
tme  during  a  seismic
acquisition run, whergin the

contreller compares the positions of

the streamers versus time and the
array  geometry  versus  time 1o
desired streamer positions and array
geometry  versus time and  issues
positioning commands to the ASPDs
to maintain  the desired streamer
positions and array geometry versus
time.

The Hilesund *895 application discloses thig Hmitation,

See, e.g. Hillesund 895 at p. 7, Paragraph 2 (“The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers [2 and utilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desired positions.”).

See, e.g., Hillesund ‘895 at p. 18, Paragraph 2 (“The global
control system 22 is tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the local control system 36. The local control
system 36 within each bird 18 is responsible for adjusting the
wing splay angle to rotate the bird to the proper position and for
adjusting the wing common angle to produce the magnitude of
total desired force required.”).

4. The method of claim 39 wherein
the master controller lactors
environmental  measurements  into
the  positioning  commands  to
compensale for  cpvironmental
influcnces on the positions of the

The Hillesund *895 application discloses this limitation.
See Claim 39 Analysis.

See, eg, Hillesund ‘895 at p. 8, Paragraph 1 (*The global
control system 22 will typically acquire the following parameters
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streamers and the array geometry,

from the vessel’s navigation system: vessel speed (m/s), vessel
heading  (degrees), current speed (m/s), current heading
{degrees), and the Tocation of cach of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18. The global control system
22 will preferably send the following values to the focal bied
controtler: demanded vertical force, demanded horizontat force,
towing velocity, and crosscurrent velocity.”).

See, e.g., Hillesund ‘895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control  required to property position the streamers. To
compensate for these localized current fluctuations, the inventive
control  system  utilizes a  distributed processing  control
architecture and behavior-predictive model-based control logic
to properly control the streamer positioning devices.™).

4i. The method of claim 39 wherein
the master controller compensates

tor maneuverability in the
positioning commands to

compensate  for  maneuverability
influences on the positioning of the
streamers and the array geometry.

Fthe Hillesund *895 application discloses this limitation.

See Claim 39 Analysis.

See, eg. Hilesund *895 at p. 7, Paragraph 3 (*The global
control system 22 preferably calculates the desired vertical and
horizontal forces based on the behavior of each streamer and
also takes into account the behavior of the complete streamer
array.”).

A Person Having Ordinary Skill in The Art at the time of the
inverntion would find this limitation to be inherent in the
invention. To “compensate for maneuverability influences” it
would be necessary to take into account various maneuverability
factors, including, but not necessarily limited to, cable diameter,
array type, deployed configuration, vessel type, device type, etc.
which are part of the basis for the behavior of the streamers.

See, e.g., Hillesund ‘895 at p. 8, Paragraph 3 (“The force and
velocity values are delivered by the global control system 22 as
separate values for each bird 18 on each streamer 12
continuousty during operation of the control system.”).

34

WesternGeco Ex. 2033, pg. 63
IPR2015-00567
ION v WesternGeco




LS. Patent No, 6,691,038
Asserted Claiins

Citations from Hillesund ‘895 Application

45. A method for tracking and
positioning seismic streamer array

comprising:

The Hillesund “895 application discloses this Himitation,

See, e.g., Hillesund 895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of scismic streamers. Actual positions are determined
for this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables,

See, e.g., Hillesund "895 at p. 4, Paragraph titled “Summary of
the Invention.”

towing a seismic array comprising a
plurality of seismic streamers:

The Hillesund *895 application discloses this limitation.

See, e.g., Hillesund “895, Fig. 1. See also Hillesund ‘895 at p. 5,
Paragraph 1 (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ... ")

attaching an active streamor
positioning device (ASPD) attached
to  each  seismic  streamer  for
positioning each seismic streamer;

The Hillesund *895 application discloses this limitation.
See, e.g., Hillesund ‘895 at p. 6, Paragraph 1 (“Preferably the
birds 18 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at reguiar intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer .7

See, e.g., Hillesund “895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2 particularly in regard to “positioning each scismic
streamer” (“The inventive control system will primarily operate
in two different control modes: a feather angle control mode and
a turn control mode. In the feather angle control mode, the global
control system 22 attempts to keep each streamer in a straight
line offset from the towing direction by a certain feather angle

The turn control mode is used when ending one pass and
beginning another pass during a 3 seismic survey, sometimes
referred to as a “Hne change.” The turn control mode consists of
two phases. In the first part of the turn, every bird 18 tries to
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 18§ are
directed to go to the position defined by the feather angle control
mode. ... Typically during the turn mode adjacent streamers will
be depth separated to avoid possible entanglement during the
turn and will be returned to a common depth as soon as possible
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after the completion of the turn .... In extreme weather
conditions, the inventive control system may also operate i a
streamer separation control mode that attempts to minimize the
risk of entanglement of the streamers, In this control mode, the
global control systems 22 atlempts to maximize the distance
between adjacent streamers. The streamers 12 will typicaily be
separated in depth ...

The 038 patent discloses that this imitation was well known to
one skilled in the art prior to and at the time of the invention.

See, e.g., ‘038 patent, Col. 1, H. 25-56 {discussing the known
prior art, including attaching control apparatuses to seismic
streamers to position streamers).

and issuing vertical and horizontal
positioning  commands  to  each
ASPD for maintaining a specified
array path.

The Hillesund 893 application discloses this limitation.

See, e.g., Hillesund *895 at p. 6, Paragraph 2 (“In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global control system 22
focated on or sear the seismic survey vessel 10 and a local
control system located within or near the birds ...™).

Sec, e.g., Hillesund 895 at p. 10, Paragraph 3 (*During
operation of the streamer positioning control system, the global
control system 22 preferably transmits, at regular intervals (such
as every five seconds) a desired horizontal force 42 and a desired
vertical force 44 to the local controf system 36.7).

See, e.g., Hillesund ‘893 at p. 18, Paragraph 2 (“The inventive
control system is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18. The global
controi system 22 is tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the local control svstem 36. The local control
system 36 within each bird 18 is responsible for adjusting the
wing splay angle to rotate the bird to the proper position and for
adjusting the wing commeoen angle to produce the magnitude of
total desired force required.”™).

See, eg, Hilesund *895 at p. 18, Paragraph 3, to p. 19,
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Paragraph 2: particularly in regard to the limitation of “specified
array path” (“The inventive control system will primarily operate
in two different contrel modes: a feather angle control mode and
a turn control mode. In the feather angle control mode, the global
control system 22 attempts to keep each streamer in a straight
fine offset from the towing direction by a certain feather angle
. The e control mode is used when ending one pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change”, The tum control mode consists of
two phases. In the first part of the turn, every bird 18 tries to
“throw out” the sireamer |2 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control
mode. ... In exireme weather conditions, the inventive control
system may also operate in a streamer separation control mode
that attempts to minimize the risk of entanglement of the
streamers, In this control mode, the global control system 22
attempts to maximize the distance between adjacent streamers.
The streamers 12 will typically be separated in depth and the
outermost streamers will be positioned as far away from each
other as possible. The inner streamers will then be regularly
spaced between these outermost streamers, i.e. each bird 18 will
receive desired horizontal forces 42 or desired horizontal
position information that will direct the bird 18 to the midpoint
position between its adjacent streamers.”).

46. The method of claim 45 wherein
a master controfler issues positioning
commands to the towing vessel for
maintaining a specified array path.

The Hillesund “895 application discloses this limitation,
See Claim 45 Analysis.

See, e.g.. Hillesund *8935 at p. 6, Paragraph 2 (“The global
control system 22 is typically connected to the seismic survey
vessel’s navigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity
and current direction and velocity, from the vessel’s navigation
system.”)

in addition, Persons Having Ordinary Skill In The Art will
readily recognize that the seismic survey vessel’s navigation
system is typically utilized to steer the vessel in routine seismic
acquisition operations (“auto-pilot”).
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47. The method of claim 45 further
comprising: calculating an optimal
path for the seismic array for optimal
coverage  during data
acquisition over a seismic Reld;

seismic

The Hitlesund “895 application discloses this limitation.
See Claim 45 Analysis.
See, e.g., Hillesund "895, Fig 4.

See, e.g., Hillesund ‘8935 at p. 6, Paragraph 3 ("To compensate
for these localized current fluctuations, the inventive control
system utilizes a distributed processing control architecture and
behavior-predictive  model-based control fogic 1o properly
control the streamer positioning devices.”).

predicting array behavior;

The Hillesund “895 application discloses this limitation.
See, ¢.¢., Hillesund *895, Fig 4.

See, e.g., Hillesund ‘895 at p. 6, Paragraph 3 ("To compensate
for these localized current fluctuations. the inventive control
system utilizes a distributed processing control architecture and
behavior-predictive  model-based control logic 1o properiy
contro} the streamer positioning devices.”).

and  compensating  for  predicted
streamer  behavior  in issuing
positioning commands to the towing
vessel  and  the  ASPDs  for
positioning array along  the
optimal path.

the

The Hillesund ‘895 application discloses this limitation.

See, e.g., Hillesund ‘895 at p. 6, Paragraph 2 (“In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global control system 22
located on or near the seismic survey vessel 10 and a local
control system located within or near the birds 18. The giobal
control svstem 22 is typically connected to the seismic survey
vessel’s navigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity
and current direction and velocity, from the vessel’s pavigation
system.”).

See, e.g.. Hillesund ‘895 at p. 6, Paragraph 3 (“To compensate
for these localized current tluctuations, the inventive control
system utilizes a distributed processing control architecture and
behavior-predictive  model-based control logic to properiy
control the streamer positioning devices.”).

ey, Hillesund 895 at p. 10, Paragraph 3 (“During
operation of the streamer positioning contro] system, the global

See,
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control system 22 preferably transmits, at regular intervals (such
as every five seconds) a desired horizontal force 42 and a desired
vertical force 44 to the local control system 36.7).

See, e.g., Hillesund ‘895 at p. 18, Paragraph 2 ("The inventive
control system is based on shared responsibilities between the
global contral system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18. The global
control system 22 is tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the local control system 36. The local control
system 36 within ecach bird 18 is responsible for adjusting the
wing splay angle to rotate the bird fo the proper position and for
adjusting the wing common angie to produce the magnitude of
total desired force required.”).

See, e.g, Hillesund “895 at p. 18, Paragraph 3, o p. 19,
Paragraph 2; particularly in regard to the limitation of “specified
array geometry” (“The inventive control system will primarily
operate in two different control modes: a feather angle control
mode and a turn controf mode. In the feather angle control mode,
the global control system 22 attempts to keep each streamer in a
straight line offset from the towing direction by a certain feather
angle .... The turn control mode is used when ending one pass
and beginning another pass during a 3D seismic survey,
sometimes referred 1o as a “line change.” The turn control mode
consists of two phases. In the first part of the turn, every bird 18
tries to “throw out” the streamer 12 by generating a force in the
opposite direction of the turn. In the last part of the turn, the
birds 18 are directed to go to the position defined by the feather
angle control mode. By doing this, a tighter turn can be achieved
and the furn time eof the vessel and equipment can be
substantially reduced. Typically during the turn mode adjacent
streamers will be depth separated to avoid possible entanglement
during the turn and will be returned to a common depth as soon
as possible after the completion of the turn ... In extreme
weather conditions, the inventive control system may also
operate in a streamer separation control mode that attempts to
minimize the risk of entanglement of the streamers. In this
control mode, the global control system 22 attempts to maximize
the distance between adjacent streamers. The streamers 12 will
tvpically be separated in depth and the outermost streamers will
be positioned as far away from each other as possible. The inner

2661681 v]
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streamers will then be regularly spaced between these outermost
streamers, i.¢. each bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 18 to the midpoint position between its adjacent
streamers.” ).

48. The method of ¢laim 47 wherein
the master controller compensates
for environmental factors in  the
positioning commands,

The Hillesund 895 application discloses this limitation.

See Claims 15, 30, and 40 Analyses,

See, e.g., Hillesund ‘895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control  reguired to property position the streamers. To
compensate for these localized current fluctuations, the inventive
control  system utilizes a distributed processing  control
architecture and behavior-predictive model-based control logic
to properly control the streamer positioning devices.”).

See, e.g. Hillesund ‘895 at p. 8, Paragraph 1 (“The global
control system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading (degrees), current speed (m/s), current heading
(degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18, The global control system
22 will preferably send the following values to the local bird
comralier: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.”).

49. The method of claim 48 wherein
the master coatroller compensates
for maneuverability factors in the
positioning commands.

The Hillesund *895 application discloses this limitation.
See Claims 16, 31, and 41 Analyses.

See, e.g., Hillesund ‘895 at p. 7, Paragraph 3 (“The global
control system 22 preferably calculates the desired vertical and
horizonial forces based on the behavior of each streamer and
also takes into account the behavior of the complete streamer
array.”).
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A Person Having Ordinary Skill In The Art at the time of the
invention would find this limitation to be inherent in the
invention. To “compensate for maneuverability influences™ it
would be necessary to take into account various maneuverability
factors, including. but not necessarily limited to, cable diameter,
array type, deployved configuration, vessel type, device type, etc.
which are part of the basis for the behavior of the streamers.

See, e.g.. Hillesund *895 at p. 8, Paragraph 3 (“The force and
velocity values are delivered by the global control system 22 as
separate values for each bird 18 on each streamer 12
continuously during operation of the control system.”}.

50. A method for tracking and
positioning a seismic streamer array
comnprising:

The Hillesund *895 application discloses this limitation.

See, e.g., Hillesund 895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined
for this array, and positions are controlied by seismic streamer
positioning devices attached to the streamer cables.

See, e.g., Hillesund ‘895 at p. 4, Paragraph titled “Summary of
the Invention”.

towing a seismic array comprising a
pluraiity of seismic streamers;

The Hillesund ‘895 application discloses this {imitation.

See, ¢.g., Hillesund “895, Fig. 1. See also Hillesund *895 at p. 5,
Paragraph 1 (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ..."7).

attaching an  active  streamer
positioning device (ASPD} atiached
to cach seismic streamer  for
positioning cach seismic sireamer;

The Hillesund *895 application discloses this limitation,

See. e.g., Hillesund 895 at p. 6, Paragraph 1 (“Preferably the
birds 18 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer ..."7")

See, e.g., Hillesund ‘895 at p. 18, Paragraph 3, to p. {9,
Paragraph 2 particularly in regard to “positioning cach seismic
streamer™ (“The inventive control system will primarily operate
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in two different control modes: a feather angle control mede and
a turn control mode. In the feather angle control mode, the global
control system 22 attempts to keep each streamer in a siraight
line offset from the towing direction by a certain feather angle ...

In extreme weather conditions, the inventive control system may
also operate in a streamer separation control mode that attempts
to minimize the risk of entanglement of the streamers, .. ™

The 03§ patent discloses that this limitation was well known to
one skifled in the art prior to and at the time of the invention.

See, e.g., "038 patent, Col. 1, 11, 25-56 {discussing the known
prior art, including attaching control apparatuses to seismic
streamers 1o position streamers).

issuing  hortzontal  and  vertical
positioning  commands 0 each

ASPD and to the towing vessel for
maintaining  an  optimal  path,
calculating an optimal path for the
seisimic array for optimal coverage
during seismic data acquisition over
2 seismic field, and a behavior
prediction processor which
predicting array behavior, wherein
the master controller compensates
for predicted streamer behavior in
issuing positioning commands to the
towing vessel and the ASPDs for

positioning the array along the
optimal path, wherein the master
controller compensates for

environmental and mancuvcerability
factors in the positioning commands.

The Hillesund ‘895 application discloses this limitation.

See, e.g., Hillesund 895 at p. 7, Paragraph 2 {"The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and utilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and horizonal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desired positions.”).

See, e.g., Hillesund ‘895 at p. 10, Paragraph 3 (“During
operation of the streamer positioning control system, the global
control system 22 preferably transmits, at regular intervals (such
as every five seconds) a desired horizontal force 42 and a desired
vertical force 44 to the local control system 36.7).

See, e.g., Hillesund ‘895 at p. 18, Paragraph 2 ("The inventive
control system is based on shared responsibifitics between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 located on the bird 18. The
global control system 22 is tasked with monitoring the positions
of the streamers 12 and providing desired forces or desired
position information to the local control system 36. The local
control system 36 within each bird 18 s responsible for
adjusting the wing splay angle to rotate the bird to the proper
position and for adjusting the wing common angle to produce the
magnitude of total desired force required.”).
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See, e.g., Hillesund 895 at p. 6, Paragraph 3 ("To compensate
for these localized current fluctuations, the inventive control
system utilizes a distributed processing control architecture and
behavior-predictive model-based control  logic to  properly
control the streamer positioning devices.”).

See, e.g., Hillesund 895 at p. 8, Paragraph 1 (“The global
control system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading (degrees), current speed (m/s), current heading
(degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18. The global control system
22 will preferably send the following values to the local bird
controller: demanded vertical {force, demanded horizontal torce,
towing velocity, and crosscurrent velocity.”).

See. e.g., Hillesund ‘895 at p. 7, Paragraph 3 (“The global
control system 22 preferably calculates the desired vertical and
horizontal forces based on the behavior of each streamer and
also takes into account the behavior of the complete streamer
array.” L.

See, e.g., Hillesund “895 at p. 8, Paragraph 3 (*The force and
velocity values are delivered by the global control system 22 as
separate values for each bird 18 on each streamer 12
continuously during operation of the control system.”).

See gfso Claims 1, 2, 3,6, 21, 22, and 25 Analyses.
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EXHIBIT 2

Anticipation of UL.S. Patent No, 6,932,017 (the “Hillesund 017 patent”) Based On
U.S, Patent 5.790.472 (“Workman ‘472 patent™)

LS. Patent No. 6,932,617 Citations from ‘472 prior-art

Asserted Claims

i A method of contrelling the | U.S. Patent 5,790,472 ({Adaptive Control of Marine
positions  of  marine  seismic | Seismic Streamers; Workman & Chambers; assigned to
streamers  in an array  of such | Western Atlas; 1998} discloses this claim preamble.

streamers being towed by a seisinic
survey vessel, the streamers having
respective  streamer  positioning
devices disposed therealong and
each streamer positioning device
having a wing and a wing motor
for changing the orientation of the
wing so as to steer the streamer
positioning device laterally, said
method comprising the steps of:

The limitation of “marine seismic streamers in an array of
such streamers being towed by a seismic survey vessel” is
disclosed in the Workman *472 patent,

The limitation of “streamer positioning devices disposed
therealong and each streamer positioning device having a
wing and a wing motor for changing the orientation of the
wing” is disclosed in the Workiman 472 patent.

The limitation “to steer the streamer positioning device
laterally™ is disclosed in the Workman *472 patent.

See, e.g., Workman ‘472 at Col. 2, 11, 32-33 (... the prior
art discloses a series of discrete devices for locating and
controlling the positions of streamer cables ...”") and Col. 2,
il. 45-47 (“The present invention is an improved system for
controiling the position and shape of marine seismic
streamer cables™).

See, e.g.. Workman 472 at Col. 3, 11, 33-43 {*As known 10
those skilled in the art, components of the marine seismic
data acquisition system 03, on the vessel 11, may include

a network solution system [0 for determining the
position of the streamer cables 13 and seismic sources 12,
and a soeamer cable controller 16 for conwroling the
streamer positioning devices™).

See, e.g., Workman 472 at Col. 1, 1L 17-19 {(*Due to the
increasing use of marine 3-D seismic data, multi-cable

marine surveys are now commonplace™).

See, eg, Workman ‘472 at Col. 1, 1. 45 (“Streamer
positioning devices are well known in the art™),

See, e.g., Workman 472 at Col. 3, 11, 14-20 {(“As known to
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those skilted in the art, streamer positioning devices 14, for
example birds and tail buoys, may be attached to the
exterior of the streamer cables 13 for adjusting the vertical
arid lateral positions of the streamer cables 13, The
streamer cables 13 include electrical or optical cables for
connecting  the streamer positioning  devices 4 1o
individual control and logging sysiems™).

See, e.g., Workman 472 at Col. 1, H, 55-61 (describes
lateral positioning with wings). A wing motor 10 move a
wing is inherent in this invention because of the need for
dynamic control to implement thig invention,

obtaining a predicted position of | The Workman 472 patent discloses this limitation.
the streamer positioning deviges;
See, eg., Workman 472 at Col. 2, 1. 15-18 (“These
devices and methods may then be used to determine the
real time position of the seismic sources and seismic
streamer cables by computing a network solution w a
Kalman filter, as disclosed by U.S. Pat. No. 5,353,223

Prediction is a fundamental aspect of Kalman filtering
technology. A person Having Ordinary Skill In The Au
will understand that the disclosed Kalman filter is a well-
known prior art technology that is used to obtain a
predicted position.

obtaining an estimated velocity of | Given “a predicted position of the streamer positioning
the streamer positioning devices; devices,” then a Person Having Ordinary Skill In The Art
will understand that it is inherent that velocities are
necessarily obtained from differences in positions over
known time intervals based on fundamental concepts of
marine navigation known for generations. In marine
seismic navigation systems at the time of invention,
sojutions for positions are typically available several times
per minute which necessarily vields estimates of velocities
several times per minute as simple differences of positions.

See, e.g., Workman 472 wt Col. 2, I 15-18 (“These
devices and mcthods may then be used to determineg the
real time position of the seismic sources and seismic
streamer cables by computing a network solution 1o a
Kalman filter, as disclosed by U.S. Pat. No. 5,353.223™).

2
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Estimation is a fundamental aspect of Kalman filtering
technology. A person Having Ordinary Skill In The Art
will understand that the disclosed Kalman filter is a well-
known prior art technology that is used to obtain an
estimated velocity.

for at least some of the streamer
positioning  devices,  calculating
desired changes in the orientation
of their wings using said predicted
position  and  said  estimated
velocity:

The Workman ‘472 patent discloses this Himitation.

See, e.g., Workman ‘472 at Col. 3, 1. 42-43 (*... and a
streamer cable controller 16 for controlling the streamer
posiitoning devices 147), See also, eg., FIG. 2

See, e, Workman *472 at Col. 3, 11 39-62 {(*._. includes a
streamer conirol processor 40 for ... calculating a position
correction to reposition the streamer cables 137)

See, e.g, Workman ‘472 at Col. 4, 1. 17-21 “The streamer
conirol processor 40 is connected to the streamer device
controller 16, When the streamer cables 13 need to be
repositioned, the position correction is used by the
streamer device controller [6 to adjust the streamer
positioning devices 14 and reposition the streamer cables
13.7

Given “predicted positions and estimated velocities”, a
Person Having Ordinary Skill in the Art will understand
that it is inherent that the “orientation of their wings” for
the streamer positioning devices necessarily must be
calculated to be able to implement any change in streamer
positian or motion whatsoever.

and actuating the wing motors (o
produce satd desired changes in
wing orientation.

The Workman “472 patent discloses this limitation.

See, eg. Workman ‘472 at Col. 1, I 5557 (“For
example, devices to control the lateral positioning of
streamer cables by using camber-adjustable hydrofoils or
angled wings are disclosed ...”)

This limitation is also inherent.  Given a2 desire to
repasition the streamers, then a Person Having Ordinary
Skill In The Art will understand that to change the “wing
orientation” for the streamer positioning devices will
necessarily require the action of a motor.

3
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K. A method as claimed in | The Workman 472 patent discloses this limitation of
clabm 7, in which said global | “streamer separation mode™.

control system is further

configured  into a  streamer | See, e.g., Workman 472 at Col. 1, [l. 33-35 (“The ability
separation  mode, wherein  said | to control the position and shape of the streamer cables is

global control system attempts to

direct  said  streamer  positioning
device to maintain a2 minimum
separation distance between

adiacent streamers.,

desirable for preventing the entanglement of the streamer
cables ...7).

See, e.g.. Workman ‘472 at Col. 3, I 38-67 (“In the
present embodiment of the invention, the marine seismic
data acquisition system 05 also includes a streamer control
processor 40 for deciding when the streamer cables 13
should be repositioned and for calculating a position
correction to repositicen the streamer cables 13, Also in the
present embodiment of the invention, threshold parameters
are established for determining when the streamer cables
shoutd be repositioned. Threshold parameters may include
a plurality of values for: minimum allowable separations
between streamer cables 13 ...7)

See. eg., Workman 472 at Col. 4, H.
streamer contrel processor).

8-35 {discloses

16, Apparatus for controlling
the positions of maring seismic
streamer in an array of such
streamers being towed by a seismic
survey vessel, the streamers having
respective  streamer  positioning
devices disposed therealong and
each streamer positioning device
having a wing and a wing motor
for  changing the  horizontal
orientation of the wing so as tw
steer  the  streamer  positioning
device laterally, said apparatus
comprising:

U5, Patent 5,790.472 (Adaptive Control of Marine
Seismic Streamers; Workman & Chambers; assigned o
Western Atlas; 1998) discloses this claim preamble.

The limitation of “marine seismic streamers in an array of
such streamers being towed by a seismic survey vessel” is
disclosed in the Workman ‘472 patent,

The limitation of “streamer positioning devices disposed
therealong and each streamer positioning device having a
wing and a wing motor for changing the orientation of the
wing” is disclosed in the Workman 472 patent.

The Hmitation “to steer the streamer positioning device
laterally” is disclosed in the Workman ‘472 patent.

See. ez, Workman 472 at Col. 1, H. 35-61 {describes
lateral positioning with wings). A wing motor to move a
wing is inherent in this invention because of the need for
dynamic control to implement this invention,

See, e.g., Workman 472 at Col. 2, 1l 32-33 (.., the prior
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art discloses a series of discrete devices for locating and
contreliing the positions of streamer cables .7y and Col. 2,
H. 45-47 (*“The present invention is an improved system for
controlling the position and shape of marine seismic
streamer cables™).

See, e.g., Workiman ‘472 gt Col. 3, 1L 33-43 (“As known to
those skilled in the art, components of the marine seismic
data acquisition system 05, on the vessel 11, may include

a network solution system 10 for determining the
position of the streamer cables 13 and seismic sources 12,
and a streamer cable controller 16 for controlling the
streamer positioning devices™).

See, e.g., Workman “472 at Col. 1, H. 17-19 ("Due to the
increasing use of marine 3-D seismic data, mulii-cable
matine surveys are now commonplace”).

See, eg, Workman 472 at Col. 1, L 45 (“Streamer
positioning devices are well known in the art™).

See, e.p., Workman 472 at Col. 3, 11, 14-20 (“As known to
those skitled in the art, streamer positioning devices 14, for
example birds and tail buoys, may be attached to the
exterior of the streamer cables 13 for adjusting the vertical
and lateral positions of the streamer cables 13, The
streamer cables 13 include electrical or optical cables for
connecting the streamer positioning  devices 14 to
individual control and logging systems”™).

means for obtaining a predicted
position of the streamer positioning
devices:

Under 35 U1.5.C. § 112, % 6, the Workman ‘472 patent
discloses structure that performs the claimed function of
obtaining a predicted position of the streamer positioning
devices and that is either identical to the structure
identified by the Court or equivalent structure.

See, e.g., As shown in Figure 2, the marine seismic data
acquisition  system 035 comprises a streamer control
processor 40 and a streamer cable controller 16.

See, e.g., Workman ‘472 at Cel. 3, 11 33-34 and 1l. 42-44
{“As known to those skilled m the art, components of the
marine seismic data acquisition system 03, on the vessel

LA
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11, may include ... a streamer cable controller 16 for
controliing the streamer positioning devices 14.7).

See, eg., Waorkman 472 @t Col. 3, Il 538-62 (“... the
marine seismic data acquisition system 05 also includes a
streamer control processor 40 for deciding when the
streamer  cables 13 should be repositioned and for
calculating a position correction to reposition the streamer
cables 13.7)

See, eg, Workman 472 at Col. 2, 1L 15-19 which
discloses “prediction” in a Kalman filter. (“These devices
and methods may then be used to determine the real time
position of the seismic sources and seismic streamer cables
by computing a network solution to a Kalman filter, as
disclosed by U.S. Pat. No. 5,353.2237).

Prediction is a fundamental aspect of Kalman filiering
technology, A PHOSITA will understand that the disclosed
Kalman filter is a well-known prior-art technology that is
used to obtain g predicted position and that such filtering
technology is implemented using algorithms software.

means for obtaining an estimated | Under 35 U.S.C. § 112, % 6, the Workman 472 patent
velocity of the streamer positioning | discloses structure that performs the claimed function of
devices, obtaining an estimated velocity of the streamer positioning
devices and that is either identical to the structure
identified by the Court or equivalent structure,

The ‘017 specification states that “The towing velocity and
crosscurrent velocity are preferably “water-referenced”
values that are calculated from the vessel speed and
heading values and the current speed and heading values,
as well as any relative movement between the seismic
survey vessel 10 and the bird 18 (such as while the vessel
is turning).  Alternatively, the global control system 22
could provide the local control system with the horizontal
velocity and water in-flow angle. The force and velocity
values are delivered by the global control system 22 as
separate values for each bird 18 on each streamer 12
continucusly during operation of the control system. The
“water-referenced”  towing  velocity and  crosscurremt
velocity  could  allernatively  be  determined  using

)
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flowmeters or other types of water velocity sensors
attached directly to the birds 18,7

See, e.g., As shown in Figure 2, the marine seismic data
acquisition  system 03 comprises a  streamer  control
processor 40 and a streamer cable controller 16,

See, e, Workman 472 at Col. 2, 1L 15-18; at Col. 4, 1. &;
and “prediction” in a Kalman filter at Col. 2., 1l. 15-19.
The aforementioned disclosed structure performs the
function of? “These devices and methods may then be used
to determine the real time position of the seismic sources
and seismic streamer cables by computing a network
solution to a Kalman filter, as disclosed by U.S. Pat. No.
5,353,223,

Given “a predicted position of the streamer positioning
devices,” then a Person Having Ordinary Skill In The Art
will understand that it is inherent that velocitics are
necessarily obtained from differences in positions over
known time intervals based on fundamental concepts of

marine navigation known for generations. In marine
seismic navigation systems at the time of invention,

sclutions for positions are typically available several times
per minute which necessarily yields estimates velocities
several times per minute as simple differences of positions.

Estimation is a fundamental aspect of Kalman filtering
techrology. A person Having Ordinary Skill In The Art
will understand that the disclosed Kalman filter is a well-
known prior art technology that is used to obtain an
estimated velocity.

U8, Patent No. 6,932,017
Asserted Claims
means  for  caleulating  desired

changes in the orientations of the
respective wings of at east some
of the streamer positioning devices
using said predicted position and
said estimated velocity;

Under 35 US.C. § 112, % 6, the Workman ‘472 patent
discloses structure that performs the claimed function of
caleulating desired changes in the orientations of the
respective  wings of at least some of the streamer
positioning devices using said predicted position and said
gstimated  velocity and that is either identical to the
siructure identified by the Court or equivalent structure,

The Workman 472 patent discloses a global control
system for performing the recited function. The Workman
‘472 patent discloses a structure to perform this function
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comprised of a streamer cable controller and a streamer
control processor.

See, e.g., As shown in Figure 2, the marine seismic data
acquisition  system 05 comprises a  streamer  control
processor 40 and a streamer cable controller 16,

See. e.g.. Workman 472 at Col. 3, H. 4243 (... and a
streamer cable controller 16 for controlling the streamer
positioning devices 147). See also, e.g., FIG. 2

See. ez, Workman ‘472 at Col. 3, 11, 59-62 (... includes a
streamer control processor 40 for ... calculating a position
correction {0 reposition the streamer cables 137)

See, e, Workman ‘472 at Col. 4, 1. 17-21 “The streamer
control processor 40 is connected to the streamer device
controfler 16, When the streamer cables 13 need to be
repositioned, the position correction 15 used by the
streamer device controller 16 to adjust the streamer
positioning devices 14 and reposition the streamer cables
13.”

This claim limitation “calculating desired changes in the
orientation of their wings using said predicted position and
sald estimated velocity™ is also an inherent aspect of the
invention.  Given “predicted positions and estimated
velocities,” it is inherently necessary that the “orientation
of their wings” for the streamer positioning devices must
be calculated to be able to implement any change in
streamer position or motion whatsoever.

and means for actuating the wing | Under 35 US.C. § 112, § 6. the Workman ‘472 patent
motors to produce said desired | discloses structure that performs the claimed function of
changes in wing orientation. actuating the wing motors to produce said desired changes
in wing orientation and that is either identical to the
structure identified by the Court or equivalent structure.

See, eg, Workman 472 at Cob. |, L 55-57 (“For
example, devices o control the lateral positioning of
streamer cables by using camber-adjustable hydrofoils or
angled wings are disclosed ...™)

This claim Hmitation “actuating the wing motors o

8
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produce said desired changes in wing orientation” is also
an mherent aspect of the invention. Given a desire to
reposition the streamers. it is necessary that the “wing
orientation” for the streamer positioning devices will need
to be altered, which necessarily requires the action of a
mator.

26617052
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U.S, Patent No. 7,080,607 (the “*607 patent™) Is Anticipated By

U.S. Patent 5,790,472 (Workman ‘472)

U.S. Pafent No. 7,080,607
Asserted Claims

Citations from prior-art

1, A method comprising: (a)
rowing an a fsic] armay  of
streamers each having a plurality
of streamer positioning devices
there along;

LS, Patent 3,790,472 (Adaptive Contral of Marine Seismic Streamers;
Workman & Chambers; assigned to Western Atlas; 1998) discloses this
limitation

See, e g, Workman ‘472 at Col. 2, H. 32-33 {**. .. the prior art discloses a series
of discrete devices for locating and controlling the positions of streamer cables
Ly and Coll 2, 11 45-47 (*The present invention is an improved system for
controlling the position and shape of marine seismic streamer cables™).

See, ez, Workman 472 at Col. 1, 11 17-19 (*Due to the increasing use of
marine 3-I seismic data, multi-cable marine surveys are now commonplace”

See, ez, Workman 472 at Col. 1, 1. 45 (“Streamer positioning devices are
well known in the art™)

See, e.g., Workman 472 at Col. 3, 11, 14-20 ("As known o those skilled in the
art, streamer positioning devices 14, for example birds and tail buoys, may be
attached to the exterior of the streamer cables 13 for adjusting the vertical and
fateral positions of the streamer cables 13. The streamer cables 13 include
clectrical or optical cables for connecting the streamer positioning devices 14
to individual control and logging systems™}.

(b) predicting positions of at
feast  some  of the streamer
positioning devices:

The Workman 472 patent discloses this limitation.

See, e.g.. Workman 472 at Col. 2, [L. 15-18 (*These devices and methods may
then he used to determine the real time position of the seismic sources and
seismic streamer cables by computing a network solution to a Kalman filter, as
disclosed by U.S. Pat. No. 5,353,223" {prediction is a fundamental aspect of
Kalman filtering technology]).

26624981
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{c) using the predicted positions
to calculate desired changes in
position of one or more of the
streamer posttioning devices; and

The Workmarn “472 patent discloses this limitation.

See, e.g., Workman 472 at Col. 3, 1. 42-43 (... and a streamer cable
controller 16 for controlling the streamer positioning devices 147). See also,
ey, FIG. 2

See, ez, Workman 472 at Col. 3, 1L 59-62 (... includes a streamer control
processor 40 for ... calculating a position correction to reposition the streamer
cables 13™)

See, e.g, Workman 472 at Col. 4, 1. 17-21 “The streamer control processor
40 s conpected 1o the streamer device controller 16, When the streamer
cables 13 need to be repositioned, the position correction is used by the
streamer device controller 16 to adjust the streamer positioning devices 14 and
reposition the streamer cables 13.7

This claim Hmitation “calculate desired changes in position of one or more of
the streamer positioning devices™ is also an inherent aspect of the invention.
Given “predicted positions,” it is inherently necessary that “desired changes in
position” for the streamer positioning devices must be calculated to be able to
implement any change in streamer position or motion whatsoever.

{d} implementing at least some
of the desired changes.

The Workman ‘472 patent discloses this limitation,

See, e.g., Workman 472 at Col. 1, 1L 35-57 (“For example, devices to control
the lateral positioning of streamer cables by using camber-adjustable
hydrofoils or angled wings are disclosed ...™)

This claim limitation “actuating the wing motors to produce said desired
changes in wing orientation” is also an inherent aspect of the invention. Given
a desire to reposition the streamers, it is inherently necessary that the “wing
orientation™ for the streamer positioning devices will need to be altered. which
inherently requires the action of a motor.

2662458
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8. A method as claimed in
claim 7, in which said global
control  system  is  further
configured into a  stremmer
separation mode, wherein  said
global control system attempts to
direct said streamer positioning
device (0 maintain o minimum

The Workman ‘472 patent discloses this limitation of streamer separation
mode.

See, e.p., Workman *472, Col. 1, 1L 33-35 (*“The ability to control the position
and shape of the streamer cables 1s desirable for preventing the entanglement
of the streamer cables ...7).

See, e.g., Workman ‘472, Col. 3, I 65-67 (Threshold parameters may include
minimum aliowable separations between streamer

separation  distance  between | @ plurality of values for:
adjacent streamers. cables ..M.
i3, An array  of  seismic | The Workman *472 patent discloses this limitation,

streamers lowed by a towing

vessel comprising:

See, e.g, Workman 472 at Col. 1, L 17419 (“Due to the increasing use of
marine 3-13 scismic data, multi-cable marine surveys are now commonplace”)

See, e.g., FIG. 1 which discloses a towing vessel,

{a) a plurality of strcamer
positioning devices on or inline
with each streamer;

The Workman 472 patent discloses this limitation,

See, e.g., Workman 472 at Col. 2, 1L 32-33 {*... the prior art discloses a series
of discrete devices for locating and controlling the positions of streamer cables
JYand Coll 2, 1L 45-47 (YThe present invention is an improved system for
controlling the position and shape of marine seismic streamer cables™).

See, e, Workman 472 at Col. 1, 1. 45 (“Streamer positioning devices are
well known in the art™)

See, e.g.. Workman 472 at Col. 3, . 14-20 ("As known to those skilled in the
art, streamer positioning devices 14, for example birds and tail buoys, may be
attached to the exterior of the streamer cables 13 for adjusting the vertical and
fateral positions of the streamer cables 13, The streamer cables 13 include
electrical or optical cables for connecting the streamer positioning devices 14
to individual control and logging systems™),

26624981
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LLS. Patent No. 7,080,607
Asserted Claims

Citations from prior-art

(b} a prediction unit adapted to
predict positions of at least some
of the streamer positioning
devices; and

The Waorkman 472 patent discloses this limitation.

See. e.g., Workman “472 at Col. 2, Il 15-18 (“These devices and methods may
then be wsed 10 determine the real time position of the seismic sources and
seismic streamer cables by computing a network solution to a Kalman filter, as
disclosed by U.S. Par. No. 5,353,223 ") [prediction is a fundamental aspect of
Kalman filtering technology]. [annotation added]

{c} a control unit adapted (o use
the  predicted  positions  to
calculate  desired  changes in
positions of one or more of the
streamer positioning devices.

The Workman 472 patent discloses this limitation.

See, v.g., Workman ‘472 at Col. 3, 1l 42-43 (*... and a streamer cable
controller 16 for controlling the streamer positioning devices 147). See also,
ep., FIG. 2

See, e.g., Workman 472 at Col. 3, H. 59-62 (“... includes a streamer control
processor 40 for ... calculating a position correction to reposition the streamer
cables 137)

See, e.g.. Workman 472 at Col. 4, 11, 17-21 “The streamer control processor
40 is connected to the streamer device controller 16, When the streamer
cables 13 need to be repositioned, the position correction is used by the
streamer device controller 16 to adjust the streamer positioning devices 14 and
reposition the streamer cables 13.7

This claim limitation “caleulate desired changes in position of one or more of
the streamer positioning devices” is also an inherent aspect of the invention.
Given “predicted positions,” it is inherently necessary that “desired changes in
position™ for the streamer positioning devices must be caleulated 10 be able to
implement any change in streamer position or motion whatsoever,
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EXHIBIT 4

U.S. Patent No. 7,162,967 (the 967 patent™) Is Anticipated By
U.S. Patent 5,200,930 (Rouquette, *936)

LS. Patent No. 7,162,967
Asserted Claims

Citations from prior-art

i A method comprising: (a) towing
an array of streamers each having a
plurality of streamer positioning devices
there along, at least one of the streamer
positioning devices having a wing;

1S, Patent 5200930 (Two-Wire Multi-Channel Streamer
Communication System; Rouquette; assigned to The Laitram
Corp.; issued 1993} discloses this Hmitation,

See, e.g., Rouguette ‘930 at Col. 1, 1L 13-17 (*In a marine seismic
survey, a surveving vessel tows one or more seismic cables or
streamers.  Each streamer is outfitted with position control
devices ... such as cable leveling birds .7

See, e.g., Rouquette *930, Col. 2,11, 49-52 (“FIG. 1 is side view of
a seismic surveying vessel towing a streamer outfitted with sensing
and streamer control devices in communication with a controller
aboard the vessel in accordance with the invention™)

See, e.g., Rouquette *930 at FI1G. 1 which depicts wings on birds.

(b) transmitting from a global comrol
svstem location information o at least
one local control system on the at least
one streamer positioning devices having
a wing; and

The Rouquette *930 patent discloses this limitation.
See, e.g., Rouquette “930 patent, FIG. 2

See, e.g., Rouguette ‘930, Col. 3, 1. 23-31 (“These and other
objects arc achicved by the present invention, which provides a
mutti-channel, two-wire communication system for sending
convmands and data requests to and recetving data {fJrom many
positioning sensors and cable-leveling devices distributed along a
seismic streamer. The apparatus of the invention includes a central
controller comprising an intelligent modem that can scan the many
streamer devices for cable-positioning data each scismic shot
interval.™).

See, e.g.. Rouguette 930, Col. 4, Il 6-11 (“Distributed along the
length of the streamer 22 are ... outboard devices, such as cable
leveling birds 26A-B For brevity, all such devices are
hereinafter referred to generally as sensors”™); Col 4, 11 16-18
{*The sensors 24, 26, and 28 are all in communication with a
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U.S. Patent No. 7,162,967
Asserted Claims

Citations from prior-art

central controller 38 on board the vessel 207y Col. 4, 11 34-36
(“Communication between the sensors and the on-board controller
is effected over one or more two-wire lines running through the
streamer ... 7)Y Coll 4, 1L 39-41 (“An outboard bird 44, clamped to
the streamer 40 by a collar (not shown), communicates with the on-
board controller ...}

(¢) adjusting the wing using the local
control system.

The Rouquette “930 patent discloses this limitation.

Col. 4, H. 45-47 (*Control signals are received by the bird
electronics 580 to control the wings of the bird and, thereby, the
depth of the streamer.”).

4, The method as claimed in claim
1, wherein the global control system
iransmits a desired vertical depth for the
at least one streamer positioning device
and the local control svstem calculates
magnitude and direction of the deviation
between the desired vertical depth and
actual depth.

The Roguette “930 patent discloses this limitarion

See, e Rouquette at Col. 4, 110 34-47 {*a bird 26 can also
communicate heading and depth data w the on-board controller 38
for use in predicting the shape of the streamer ... Conununication
hetween the sensors and the on-board controller is effected over
one or moere two-wire Hines running through the streamer
Conwol signals are received by the bird electronics 30 o control
the wings of the bird and. thereby, the depth of the streamer.”)

A Person Having Ordinary SKill In The At will recognize that it is
mmherent in the invention 1o wiilize a “desired vertical depth™ as a
necessary component of any atiempt to control depth. It is inherent
to “caleulate magnitude and direction of the deviation berween the
desired vertical depth and the actual depth™ as a necessary step in
any attempt to controt depth.

I5. An array of seismic streamers
towed by a towing vessel comprising:

Rouquette ‘930 discloses this claim preamble.

See, e.g., Rouquette 930 at Col. 1, 1L 13-17 ("In a marine seismic
survey, a surveying vessel tows one or more seismic cables or
streamers.  Each streamer is outfitted with position control
devices ... such as cable leveling birds ...7)

[

WesternGeco Ex. 2033, pg. 90
IPR2015-00567
ION v WesternGeco




LS. Patent No. 7,162,967
Asserted Claims

Citations from prior-art

() a plurality of streamer positioning
devices on or inline with cach streamer,
at feast one of the streamer positioning
devices having a wing;

Rouquette “930 discloses this claim preamble.

See, e.g., Rouguette 930 at Col 1, 1. 13-17 (*In a marine seismic
survey, a surveying vessel tows one or more seismic cables or
streamers.  Fach streamer is outfitted with ... position control
devices ... such as cable leveling birds ...}

See, e g, Rouguette 930, Col. 2, 1, 49-52 (“FIG, | is side view of
a seismic surveving vessel towing a streamer outfitted with sensing
and streamer control devices in communication with a controiler
aboard the vessel in accordance with the invention™)

See, e.g., Rouguette “930 at FIG. | which depicts wings on birds,

(b} a global control system transmitting
focation information to at feast one local
control system on the at least one
streamer positioning device having a
wing, the local control system adjusting
the wing.

The Rouquette *930 patent discloses this limitation.
See, e.g., Rouquette 930 patent, FIG. 2

See, e.g., Rouquette *930, Col. 3, il 23-31 (“These and other
objects are achieved by the present invention, which provides a
multi-channel, two-wire communication system  for sending
commands and data requests o and receiving data [flrom many
positioning sensors and cable-feveling devices distributed along a
seismic streamer. The apparatus of the invention includes a central
controller comprising an intelligent modem that can scan the many
streamer devices for cable-positioning data each seismic shot
interval.”).

See. e.g., Rouguette *930, Col. 4, 1. 6-11 (“Distributed along the
length of the streamer 22 are ... outboard devices, such as cable
leveling birds 26A-B For brevity, all such devices are
hercinafter referred o generally as seasors™) Colo 4, H. 16-18
(“The sensors 24, 26, and 28 are all in communication with a
central controller 38 on board the vesse] 20.7); Col. 4, 1L 34-36
(“Communication between the sensors and the on-board confrotler
is effected over one or more two-wire lines running through the
streamer ..y Col, 4, H. 39-41 {"An outboard bird 44, clamped 10
the streamer 40 by a collar {(not shown), communicates with the on-
board controtler ...™)

See, e.g, Rouguette "930, Col. 4, H. 4547 (“Control signals are
recetved by the bird electronics 50 to control the wings of the bird
and, thereby, the depth of the streamer.™).
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EXHIBIT 6

35 USC § 102(1) Prior Art

This chart identifies the claims for which 10N claims inventorship. Such prior art
includes ION’s proprietary positioning devices, which were disclosed to WesternGeco during the
mid-1990s discussions and meetings pursuant to a nondisclosure agreement. Evidence of such
invention is found in ION’s disclosures pursuant to Patent Rule 3-2(a)(1)-(2).

U.S. Patent No. 6,932,017 (the “°017 patent™)

U.S. Patent No. 6,932,017
Asserted Claims

§ 102(1) Prior Art

1. A method of controlling the
positions of marine seismic streamers in
ant array of such streamers being towed
by a seismic survey vessel, the streamers
having respective streamer positioning
devices disposed therealong and each
streamer positioning device having a
wing and a wing motor for changing the
orientation of the wing so as to steer the
streamer positioning device laterally, said
method comprising the steps of:

DigiCOURSE, a company later acquired by ION, was
approached by GECO-—and more specifically, Simon Bittleston
{an inventor of the ‘017 patenty—to develop a proprietary
streamer positioning device that, among other things, could
control both the lateral and vertical position of a streamer as
clatmed herein. Accordingly, the DigiCOURSE engineers who
developed this streamer positioning device are the true
inventors, or at least co-inventors, of the invention claimed
herein.

obtaining a predicted position of the
streamer positioning devices;

obtaining an estimated velocity of the
streamer positioning devices;

for at least some of the streamer
positioning devices, calculating desired
changes in the orientation of their wings
using said predicted position and said
estimated velocity;

and actuating the wing motors to produce
said desired changes in wing orientation.
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EXHIBIT 6

U.S. Patent No. 6,932,017
Asserted Claims

§ 102(f) Prior Art

2. A method as claimed in claim 1,
wherein  said  estimated velocity  is
calculated using a vessel speed received
from said seismic survey vessel's
navigation system.

See Claim | Analysis.

3. A method as claimed in claim 2,
in which said estimated velocity is a
water referenced towing velocity that
compensates for the speed and heading of
marine currents acting on said streamer
positioning devices.

See Claim | Analysis.

4. A method as claimed in claim 3,
in which said estimated velocity is
compensated for relative movement
between said seismic survey vessel and
said streamer positioning devices.

See Claim 1 Analysis.

5. A method as claimed in claim 4,
in which said step of calculating a desired
change in wing orientation further uses an
estimate of the crosscurrent velocity at
the respective streamer positioning
device.

See Claim | Analysis.

6. A method as claimed in claim 5,
in which said step of calculating a desired
change in wing orientation is regulated to
prevent the wing from stalling.

See Claim 1 Analysis.
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EXHIBIT 6

LS. Patent No, 6,932,017
Asserted Claims

§ 102(D) Prior Art

7. A method as claimed in claim 6, in
which said step of calculating a desired
change in wing orientation is regulated by
a global control system located on or near
said seismic survey vessel that s
configured into a feather angle mode,
wherein said global control system
attempts to direct the streamer positioning
devices to maintain each of said
streamers in a straight line offset from the
towing direction of said marine seismic
vessel by a certain feather angle, and into
a turn control mode, wherein said global
control  system directs said streamer
positioning devices to generate a force in
the opposite direction of a turn at the
beginning of the turn.

See Claim 1 Analysis.

8. A method as claimed in claim 7, in
which said global control system s
further configured into a streamer
separation mode, wherein said global
control system attempts to direct said
streamer positioning device to maintain a
minimum separation distance between
adjacent streamers

See Claim | Analysis.

9. A method as claimed in claim §,
further including the step of displaying
the position of said streamer positioning
devices on said seismic survey vessel.

See Claim | Analysis,

16.  Apparatus for controlling the
positions of marine seismic streamer in
an array of such streamers being towed
by a seismic survey vessel, the streamers
having respective streamer positioning
devices disposed therealong and each
streamer positioning  device having a

See Claim 1 Analysis.
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EXHIBIT 6

U.S. Patent No. 6,932,017
Asserted Claims

§ 102(f) Prior Art

wing and a wing motor for changing the
horizontal orientation of the wing so as to
steer the streamer positioning device
laterally, said apparatus comprising:

means for obtaining a predicted position
of the streamer positioning devices;

means for obtaining an estimated velocity
of the streamer positioning devices,

means for calculating desired changes in
the orientations of the respective wings of
at least some of the streamer positioning
devices using said predicted position and
said estimated velocity;

and means for actuating the wing motors
to produce said desired changes in wing
orientation,
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EXHIBIT 6

U.S. Patent No. 6,691,607 (the *‘607 patent™)

LU.S. Patent No. 6,691,607
Asserted Claims

§ 102(f) Prior Art

I. A method comprising: {a) towing
an a array of streamers each having a
plurality of streamer positioning devices
there along;

DigiCOURSE, a company later acquired by I[ON, was
approached by GECO-—and more specifically, Simon Bittleston
(an inventor of the ‘017 patent)—to develop a proprietary
streamer positioning device that, among other things, could
control both the lateral and vertical position of a streamer as
claimed herein. Accordingly, the DigiCOURSE engineers who
developed this streamer positioning device are the true
mventors, or at least co-inventors, of the invention claimed
herein.

(b) predicting positions of at least some
of the streamer positioning devices;

(¢) using the predicted positions to
calculate desired changes in posifion of
one or more of the streamer positioning
devices; and

(dy implementing at least some of the
desired changes.

2. A method as claimed in claim 1,
comprising estimating velocity of at least
some of the streamer positioning devices,
wherein said estimated velocity is
calculated using a vessel speed received
from a navigation systemn on said seismic
survey vessel.

See Claim 1 Analysis.

3. A method as claimed in claim 2,
in which said estimated velocity is a
water referenced towing velocity that
compensates for the speed and heading of
marine currents acting on said streamer
positioning devices.

See Claim 1 Analysis.
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EXHIBIT 6

LS. Patent No. 6,691,607
Asserted Claims

§ 102(f) Prior Art

4. A method as claimed in claim 3,
in  which said estimated velocity is
compensated for relative movement
between said seismic survey vessel and
said streamer positioning devices.

See Claim I Analysis.

5. A method as claimed in claim 2,
in which said step of using the predicted
positions to calculate desired changes in
position of one or more of the streamer
positioning devices further uses an
estimate of the crosscurrent velocity at

See Claim 1 Analysis.

the respective streamer  positioning
device.
6. A method as claimed in claim 5, | See Claim | Analysis.

in which said step of using the predicted
positions to calculate desired changes in
position of one or more of the streamer
positioning devices is regulated to

prevent the positioning device from
stalling.
7. A method as claimed in claim 6, | See Claim 1 Analysis.

in which said step of using the predicted
positions to calculate desired changes in
position of one or more of the streamer
positioning devices is regulated by a
global control system located on or near a
seismic survey vessel that is configured
into a feather angle mode, wherein said
global control system attempts to direct
the streamer positioning devices to
maintain each of said streamers in a
straight line offset from the towing
direction of said marine seismic vessel by
a certain feather angle, and into a fum
control mode, wherein said global control

1725677vi
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EXHIBIT 6

U.S. Patent No. 6,691,607
Asserted Claims

§ 102(f) Prior Art

system directs said streamer positioning
devices to generate a force in the opposite
direction of a turn at the beginning of the
turn.

8. A method as claimed in claim 7,
in which said global control system is
further configured into a streamer
separation mode, wherein said global
control system attempts to direct said
streamer positioning device to maintain a
minimum  separation distance between
adjacent streamers,

See Claim 1 Analysis.

9. A method as claimed in claim 8,
further including the step of displaying
the position of said streamer positioning
devices on said seismic survey vessel.

See Claim | Analysis,

15. An array of seismic streamers
towed by a towing vessel comprising:

DigiCOURSE, a company fater acquired by ION, was
approached by GECO—and more specifically, Simon Bittleston
(an inventor of the ‘017 patent)—to develop a proprietary
streamer positioning device that, among other things, could
control both the lateral and vertical position of a streamer as
claimed herein. Accordingly, the DigiCOURSE engineers who
developed this streamer positioning device are the true
inventors, or at least co-inventors, of the invention claimed
herein.

(a) a plurality of streamer positioning
devices on or inline with each streamer;

The ‘607 patent discloses that this limitation was well known to
one skilled in the art prior to and at the time of invention.

See, e.g., *607 patent, Col. 1, 1. 10-23 (discussing the known
prior art including a vessel for towing an array of seismic
streamers that have a plurality of positioning devices).

See, e.g., ‘007, Fig. 1.
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EXHIBIT 6

U.S. Patent No. 6,691,607
Asserted Claims

§ 102(D) Prior Art

{b) a prediction unit adapted to predict
positions of at least some of the streamer
positioning devices; and

{¢) a control unit adapted to use the
predicted positions to calculate desired
changes in positions of one or more of the
streamer positioning devices,
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EXHIBIT 6

U.S. Patent No. 7,162,967 (the “967 patent™)

U.S. Patent No. 7,162,967
Asserted Claims

§ 102(f) Prior Art

I A method comprising: (a) towing
an array of streamers each having a
plurality of streamer positioning devices
there along, at least one of the streamer
positioning devices having a wing;

DigiCOURSE, a company later acquired by JON, was
approached by GECO—and more specifically, Sunon Bittleston
(an inventor of the ‘017 patent}—to develop a proprietaty
streamer positioning device that, among other things, could
control both the lateral and vertical position of a streamer as
claimed herein. Accordingly, the DigiCOURSE engineers who
developed this streamer positioning device are the true
inventors, or at least co-inventors, of the invention claimed
herein.

(b) transmitting from a global control
system location information to at least
one local control system on the at least
one streamer positioning devices having a
wing; and

{c) adjusting the wing using the local
control system.

4, The metheod as claimed in claim 1,
wherein  the global control  system
transmits a desired vertical depth for the
at least one streamer positioning device
and the local control system calculates
magnitude and direction of the deviation
between the desired vertical depth and
actual depth.

See Claim | Analysis,

3. The method as claimed in claim 1,
wherein  the global control  system
transmits a desired horizontal
displacement for the at least one streamer
positioning device and the local control
system  calculates  magnitude  and
direction of the deviation between the
desired horizontal displacement and

See Claim 1 Analysis.
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EXHIBIT 6

LS. Patent No. 7,162,967
Asserted Claims

§ 102(f) Prior Art

actual horizontal displacement.

6. The method as claimed in claim 1,
comprising calculating velocity of at least
one of the streamer positioning devices,
wherein  the  calculating  velocity
comprises at least one of a) using a vessel
speed received from a navigation system
on a seismic survey vessel; b)
compensating for the speed and heading
of marine currents acting on the at least
one streamer positioning device; and c¢)
compensating for relative movement
between the seismic survey vessel and the
at least one streamer positioning device.

See Claim 1 Analysis.

7. The method as claimed in claim 6,
in which said step of adjusting the wing
using the local control system is regulated
to prevent the pesitioning device from
stalling.

See Claim 1 Analysis.

8. The method as claimed in claim 7,
in which said step of using the location
information to calculate desired forces on
the at least one streamer positioning
device is regulated by the global control
systemm located on or near a seismic
survey vessel that is configured into a
feather angle mode, wherein the global
control system attempts to direct the
streamer positioning devices to maintain
each of the streamers it a straight line
offset from the towing direction of the
marine seismic vessel by a certain feather

See Claim 1 Analysis,
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EXHIBIT 6

.S, Patent No. 7,162,967
Asserted Claims

§ 102(f) Prior Art

angle, and into a turn control mode,
wherein the global control system directs
the streamer positioning devices to
generate a force in the opposite direction
of a turn at the beginning of the turmn.

9. The method as claimed in claim 8,
which said global control system is
further configured into a  streamer

separation mode, wherein said global
control system attempts to direct said
streamer positioning device to maintain a
minimum separation distance between
adjacent streamers.

See Claim | Analysis.

10. The method as claimed in claim 9,
further including the step of displaying
the position of said streamer positioning
devices on said seismic survey vessel.

See Claim | Analysis,

15. An array of seismic streamers
towed by a towing vessel comprising:

The ‘967 patent discloses that this limitation was well known to
one skilled in the art prior to and at the time of invention.

See, e.g., ‘967 patent, Col. 1, il. 10-23 (discussing the known
prior art including a vessel for towing an array of seismic
streamers that have a plurality of positioning devices).

See, e.p, ‘967, Fig. 1.

(a) a plurality of streamer positioning
devices on or inline with each streamer,
at least one of the streamer positioning
devices having a wing;

DigiCOURSE, a company later acquired by ION, was
approached by GECO—and more specifically, Simon Bittleston
(an inventor of the ‘017 patent)—to develop a proprietary
streamer positioning device that, among other things, could
control both the lateral and vertical position of a streamer as
claimed herein. Accordingly, the DigiCOURSE engineers who
developed this streamer positioning device are the true
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EXHIBIT 6

U.S. Patent No. 7,162,967 § 102¢(fy Prior Art
Asserted Claims

inventors, or at least co-inventors, of the invention claimed
herein.

(b) a global control system transmitting
location information to at least one local
control system on the at least one
streamer positioning device having a
wing, the local control system adjusting
the wing,
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EXHIBIT 6

U.S. Patent No. 7,293,520 (the “520 patent™)

1.8, Patent No. 7,293,320
Asserted Claims

§ 102(f) Prior Art

1. A method comprising: (a) towing
an array of streamers each having a
plurality of streamer positioning devices
there along contributing to steering the
streamers;

DigiCOURSE, a company later acquired by ION, was
approached by GECO—and more specifically, Simon Bittleston
(an inventor of the ‘017 patent}—to develop a proprietary
streatner positioning device that, among other things, could
control both the lateral and vertical position of a streamer as
claimed herein. Accordingly, the DigiCOURSE engineers who
developed this streamer positioning device are the ftrue
inventors, or at least co-inventors, of the invention claimed
herein.

(by controlling the streamer positioning
devices with a control system configured
to operate in one or more control modes
selected from a feather angle mode, a turn
contrel mode, and a streamer separation
mode.

2. The method of claim 1 wherein
the control mode is the feather angle
mode, and the controlling comprises the
control system attempting to keep each
streamer in a straight line offset from a
towing direction by a feather angle.

See Claim | Analysis.

-y

3. The method of claim 2 comprising
inputting the feather angle manually.

See Claim T Analysis.

0. The method of claim 1 wherein
the towing comprises ending one pass,
turning a towing vessel having the
streamers attached thereto while throwing
out the streamers before beginning
another pass, with the control mode in the
turn control mode during the turning and
throwing out.

See Claim T Analysis.
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U.S. Patent No. 7,293,520
Asserted Claims

§ 102(f) Prior Art

7. The method of claim 6 comprising
turning during a 3D seismic survey.

See Claim 1 Analysis.

8. The method of claim 6 comprising
turning during a line change.

See Claim | Analysis.

9. The method of claim 6 comprising
commanding each streamer positioning
device to generate a force in an opposite
direction of the turning,

See Claim 1 Analysis.

10.  The method of claim 6 comprising
separating adjacent streamers by depth
during the turning mode to avoid possible
entanglement during the turning.

See Claim 1 Analysis,

i1.  The method of claim 10
comprising returning adjacent streamers
to a common depth after the completion
of the turning.

See Claim 1 Analysis.

12, The method of claim 6 comprising
notifying the control system, via a vessel
navigation system, when to start throwing
the streamers out, and when to start
straightening the streamers.

See Claim | Analysis.

13. The method of claim 1 wherein
the control mode is the streamer
separation mode, the control system
attempting to minimize the risk of
entanglement of the streamers.

See Claim | Analysis.
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EXHIBIT 6

U.S. Patent No. 7,293,520
Asserted Claims

§ 102(f) Prior Art

14, The method of <claim 13
comprising the control system attempting
to maximize distance between adjacent
streamers,

See Claim 1 Analysis.

15, The method of claim I3
comprising separating the streamers in
depth.

See Claim | Analysis.

i6. The method of claim 15 wherein
the array of streamers comprises two
streamers, and comprising positioning the
two streamers as far away from each
other as possible.

See Claim 1 Analysis.

17.  The method of claim 15 wherein
the array of streamers comprises three or
rore streamers, the array comprising one
port-most streamer, one starboard-most
streamer and at Jeast one inner streamer
and comprising positioning the pert-most
and starboard-most streamers as far away
form each other as possible.

See Claim 1 Analysis.

18. An apparatus comprising: (a) an
array of streamers each having a plurality
of streamer positioning devices there
along;

See Claim 1 Analysis.

(b} a control system configured to use a
control mode selected from a feather
angle mode, a tum control mode, a
streamer separation mode, and two or
more of these modes.
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§ 102(f) Prior Art

19.  The apparatus of claim 18
wherein the control mode is the feather
angle mode, and the controlling
comprises the control system attempting
to keep each streamer in a straight line
offset from a towing direction by a
feather angle.

See Claim 1 Analysis.

20.  The apparatus of claim 19
comprising inputting the feather angle
manually.

See Claim T Analysis.

23.  The apparatus of claim 8
wherein the towing comprises ending one
pass, turning a towing vessel having the
streamers attached thereto while throwing
out the streamers before beginning
another pass, with the control mode in the
turn control mode during the turning and
throwing out.

See Claim 1 Analysis.

24. The apparatus of claim 23
comprising turning during a 3D seismic
survey.

See Claim 1 Apalysis.

25, The apparatus of claim 23
comprising turning during a line change.

See Claim 1 Analysis.

26.  The apparatus of claim 23
comprising commanding each streamer
positioning device to generate a force in
an opposite direction of the turning, and
then  commanding each  streamer
positioning device to go to a position
defined by the feather angle control
mode.

See Claim 1 Analysis,

1725677V
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27. The apparatus  of claim 23
comprising separating adjacent streamers
by depth during the turning mode to
avoid possible entanglement during the
turning.

See Claim 1 Analysis.

28.  The apparatus of claim 27
comprising returning adjacent streamers
to a common depth after the completion
of the turning.

See Claim 1 Analysis.

29. The apparatus of claim 23
comprising notifying the control system,
via a vessel navigation system, when to
start throwing the streamers out, and
when to start straightening the streamers.

See Claim 1 Analysis.

30. The apparatus of claim 18§
wherein the control mode is the streamer
separation mode, the confrol system
attempting to minimize the risk of
entanglement of the streamers.

See Claim 1 Analysis.

31, The apparatus of claim 30
comprising the control system attempting
to maximize distance between adjacent
streamers.

See Claim | Analysis.

32. The apparatus of claim 30
comprising separating the streamers in
depth.

See Claim | Analysis.

33, The apparatus of claim 32
wherein the array of streamers comprises
two streamers, and comprising
positioning the two streamers as far away

See Claim 1 Analysis.

172567T7v
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from each other as possible.

34 The apparatus of clam 32
wherein the array of streamers comprises
three or more streamers, the array
comprising one port-most streamer, one
starboard-most streamer and at least one
inner streamer  and  comprising
positioning the port-most and starboard-
most streamers as far away from each
other as possible.

See Claim | Analysis.
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EXHIBIT 6

U.S. Patent No. 6,691,038 (the “Zajac ‘038 patent™} Is Obvious In View of
International Patent Application WO 2000/20895 (“Hillesund ‘895 Application™)

U.S. Patent No, 6,691,038
Asserted Claims

Citations from Hillesund ‘895 Application

I. A seismic streamer array tracking
and positioning system comprising;

The Hillesund WO 00/20895 International Application discloses
this limitation.

See, e.g., Hillesund ‘895 generuily, which discloses a systerm
wherein a towing vessel tows a seismic array comprised of a
phurality of seismic streamers.  Actual positions are determined
for this array, and positions are controlled by seismic sireamer
positioning devices attached to the streamer cables.

See, e.g., Hillesund *895 at p. 4, Paragraph titled “Summary of
the Invention™.

a towing vessel for towing a scismic
array;

The Hillesund 895 application discloses this limitation.

See, e.g., Hillesund ‘895, Fig. 1. See afso Hillesund ‘895 at R
Paragraph | (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...},

an array comprising a plurality of
seismic streamers;

The Hillesund *895 reference discloses this limitation.

See, e.g., Hillesund ‘895, Fig. 1. See afse Hillesund ‘895 at n. 5,
Paragraph 1 (“In Figure 1, a seismic survey vessel 10 is shown
towing cight marine seismic streamers ...").

an active streamer positioning device
(ASPD) attached 1o at least one
seismic streamer for positioning the
seismic streamer relative to other
seismic streamers within the array;

The Hillesund ‘895 application discloses this limitation.

See, e.g., Hillesund *895 at p. 6, Paragraph | (“Preferably the
birds I8 are both vertically and horizontally steerable. These
birds I8 may, for instance, be located at regular intervals afong
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used 1o constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical {depth) and horizontal directions.™)

See, eg., Hillesund ‘895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2 particularly in regard to ‘relative’ positioning of
streamers (“The inventive control system will primarily operate
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in two different control modes: a feather angle control mode and
a turn control mode. In the feather angle control mode, the global
control system 22 attempts to keep cach streamer in a straight
line offset from the towing direction by a certain feather angle ...

The turn control mode is used when ending one pass and
beginning another pass during a 3D seismic SUrvey, sometimes
referred to as a “line change™. The turn controf mode consists of
two phases. In the first part of the turn, every bird 18 tries to
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 8 are
directed to go to the position defined by the feather angle control
mode. By doing this, a tighter turn can be achieved and the turn
time of the vessel and equipment can be substantially reduced.
Typically during the turn mode adjacent streamers will be depth
separated to avoid possible entanglement during the turn and will
be returned to a common depth as soon as possible after the
completion of the turn ..., In extreme weather conditions, the
inventive control system may also operate in a streamer
separation control mode that attempts to minimize the risk of
entanglement of the streamers. In this control mode, the global
control system 22 attempts to maximize the distance between
adjacent streamers, The streamers 12 will typically be separated
in depth and the outermost streamers will be positioned as far
away from cach other as possible. The inner streamers will then
be regularly spaced between these outermaost streamers, i.e. each
bird I8 will receive desired horizontal forces 42 or desired
horizontal position information that will direct the bird 18 to the
midpoint position between its adjacent streamers.”),

The *038 patent discloses that this limitation was well known to
one skilied in the art prior to and at the time of the invention,

See, eg., ‘038 patent, Col. 1, . 25-56 (discussing the known
prior art including attaching control apparatuses to seismic
streamers to position streamers).

and a master controller for issuing
positioning  commands to  ecach
ASPD to adjust a vertical and
horizontal position of a first streamer
relative to a second streamer within
the array for maintaining a specified
array geometry,

The Hillesund *895 application discloses this limitation,

See, e.g., Hillesund ‘895 at p. 6, Paragraph 2 (“In the preferred
cmbodiment of the present invention, the control system for the
birds I8 is distributed between a global control system 22
located on or near the seismic survey vessel 10 and a local
controf system located within or near the birds 18. The global

R
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control systers 22 is typically connected to the seismic survey
vessel’s navigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity
and current direction and velocity, from the vessel’s navigation
system.”).

See, eg., Hillesund ‘895 at p. 10, Paragraph 3 (*Daring
operation of the streamer positioning control system, the global
control system 22 preferably transmits, at regular intervals (such
as every live seconds) a desired horizontal force 42 and a desired
vertical force 44 to the focal control system 36.7).

See, e.g.. Hillesund ‘895 at p. 18, Paragraph 2 (“The inventive
control system is based on shared responsibilitics between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18. The global
control system 22 is tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the local control system 36. The local control
system 36 within each bird 18 is responsible for adjusting the
wing splay angle to rotate the bird to the proper position and for
adjusting the wing common angle 10 produce the magaitude of
total desired force required.™).

See, eg. Hillesund ‘895 at p. 18, Paragraph 3, (o p. 19,
Paragraph 2; particularly in regard to the limitation of “specified
array geometry” (*The inventive controf system will primarily
operate in two different control modes: a feather angle control
mode and & turn control mode. In the feather angle control mode,
the global control system 22 attempts to keep each streamer in a
straight line offset from the towing direction by a certain feather
angle ... The wrn control mode is used when ending one pass
and beginning another pass during a 3D seismic survey,
sometimes referred to as a “Hne change.” The turn controf mode
consists of two phases. In the first part of the turn, every bird 18
tries to “throw out” the streamer 12 by generating a force in the
opposite direction of the turn. In the last part of the tumn, the
birds {8 are directed to go to the position defined by the feather
angle control mode. By doing this, a tighter turn can be achieved
and the trn time of the vessel and equipment can be
substantially reduced. Typically during the turn mode adjacent
streamers will be depth separated 10 avoid possible entanglement
during the turn and will be returned to a common depth as soon
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as possible after the completion of the tum ... In extreme
weather conditions, the inventive control system may also
operate in a streamer separation control mode that attempts to
minimize the risk of entanglement of the streamers. In this
control mode, the global control system 22 attempts to maximize
the distance between adjacent streamers. The streamers 12 will
typically be separated in depth and the outermost streamers will
be positioned as far away from each other as possibie. The inner
streamers will then be regularly spaced between these outermost
streamers, i.e. cach bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird I8 to the midpoint position between its adjacent
streamers,”).

2. The apparatus of claim 1 further
comprising: an environmental sensor
for sensing environmental factors
which influence the path of the
towed array.

The Hillesund *895 application discloses this limitation.
See Claim 1 Analysis,

See, e.g., Hillesund *895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers.™)

See, e.g. Hillesund “895 at p. &, Paragraph ! {“The global
control system 22 will typicaily acquire the following parameters
from the vessel’s navigation system: vessel speed {m/s), vessel
heading (degrees), current speed (m/s), current heading
(degrees), and the location of each of the birds in the horizontal
planc in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18. The global control system
22 will preferably send the following values to the local bird
controller: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.”).

See, e.g., Hillesund ‘895 at p. 8, Paragraph 3 (“The “water
referenced” towing velocity and crosscurrent velocity could
alternatively be determined using flowmeters or other types of
water velocity sensors attached directly to the birds 18, Although
these types of sensors are (ypically quite expensive. one
advantage of this type of velocity determination system is that
the sensed in-line and cross-line velocities will be inherenthy
compensated for the speed and heading of marine currents acting
on said streamer positioning device and for relative movements
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between the vessel 10 and the bird 18.7).

3. The apparatus of claim 1 further
comprising:

The Hillesund *895 application discloses this limitation.
See Claim | Analysis.

a tacking system for tracking the
sireamer  positions  versus  time
during a seismic data acquisition run
and storing the positions versus time
in a legacy database for repeating the
positions versus time in a subsequent
data acquisition;

The Hillesund *895 application discloses this limitation.

See, eg.. Hillesund *895 at p. 7, Paragraph 2 (“The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and utilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desired positions.”).

See, e.g.. Hillesund "895 at p. 7, Paragraph 1 (*In the preferred
embodiment of the present invention, the global control svstem
22 moniters the actual positions of cach of the birds |8 and is
programmed with the desired positions of or the desired
minimum separations between the seismic streamers 12.7).

See, eg., Hillesund ‘895 at p. 8, Paragraph | (“The global
control system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading (degrees), current speed (m/s), current heading
{degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system.”)

Persons Having Ordinary Skill In The Art at the time of
invention would have recognized that tracking streamer positions
and storing the positions in a legacy database, including the
times during acquisition, was obvious and had been in
widespread industry standard practice since the late 1980's,
Industry standards {such as the so-called UKOOA navigation
database standards) have existed and been used since the early
1990%s. Tt is also obvious to a Person Having Ordinary Skill In
The Art that streamer positions in such a database can be
repeatedly utilized,
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and an array geometry tracking
system  for wracking  the  array
geometry  versus time during a

seismic data acquisition run  and
storing the array geometry versus
time in a legacy database for
repeating the array geometry versus
time in a subsequent data acquisition
rem.

The Hillesund *895 application discloses this limitation.

See. eg., Hillesund ‘895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2 (“The inventive control system will primarily
operate in two different control modes: a feather angle control
mode and a turn control mode. In the feather angle control mode,
the global control system 22 attempts to keep cach streamer in a
straight line offset from the towing direction by a certain feather
angle. The feather could be input either manually, through use of
a current meter, or through use of an estimated value based on
the average horizontal bird forces. Only when the crosscurrent
velocity is very small will the feather angle be set to zero and the
desired sireamer positions be in precise alignment with the
towing direction.

The turn control mode is used when ending one pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change.” The turn control mode consists of
two phases. In the first part of the turn, every bird 18 tries to
“throw oul” the streamer 12 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control
mode. By doing this, a tighter turn can be achieved and the turn
time of the vessel and equipment can be substantially reduced.
Typically during the turn mode adjacent streamers will be depth
separated to avoid possible entanglement during the turn and will
be returned to a common depth as soon as possible after the
completion of the turn. The vessel navigation system will
typically notify the global control system 22 when to start
throwing the streamers 12 out, and when to start straightening
the streamers.

In extreme weather conditions, the inventive control system may
also operate in a streamer separation control mode that attempts
o minimize the risk of entanglement of the streamers. In this
control mode, the global control system 22 aftempts to maximize
the distance between adjacent streamers. The streamers 12 will
typically be separated in depth and the outermost streamers will
be positioned as far away from each other as possible. The inner
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streamers will then be regularty spaced between these outermost
streamers, Le. each bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 18 to the midpoint position between its adjacent
streamers.”).

Persons Having Ordinary Skill In The Art at the time of
invention would have recognized that tracking the array
geometry and storing the array geometry in a legacy database,
including the times during acquisition, was obvious and had
been in widespread industry standard practice since the late
1980°s.  Industry standards (such as the so-called UKOOA
navigation database standards) have existed and been used since
the carly 199075, It is also obvious to a Person Having Ordinary
SKill In The Art that the array geometry in such a database can
be repeatedly utilized.

4. The apparatus of ¢laim 3 wherein
the master controller compares the
positions  of the streamers versus
time and the array geometry versus
time to a desired streamer position
and array geometry versus lime and
issues positioning commands to the
ASPDs to maintain the desired
streamer position and array geometry
Versus time.

The Hillesund “895 application discloses this limitation,
See Claim 3 Analysis.

See, e.g., Hillesund ‘895 at p. 7. aragraph 2 (“The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and utilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desired positions.™).

See, e.g., Hillesund ‘895 at p. I8, Paragraph 2 (“The inventive
controf system is based on shared responsibilities between the
global control system 22 located on the scismic survey vessel 10
and the local control system 36 located on the bird 18. The
global controf system 22 is tasked with monitoring the positions
of the streamers 12 and providing desired forces or desired
position information to the local control system 36. The local
control system 36 within each bird 18 is responsible for
adjusting the wing splay angle to rotate the bird to the proper
position and for adjusting the wing common angle to produce the
magnitude of total desired force required.”).
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5. The apparatus of claim 4 wherein

the master controller  factors  in
environmental  factors  into  the
positioning commands to
compensate for  environmental

influences on the positioning of the
streamers and the array geometry.

The Hillesund *895 application discloses this limitation.
See Claim 4 Analysis.

See. e.g. Hillesund ‘895 at p. 8, Paragraph 1 (*“The global
control system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s}, vessel
heading  (degrecs), current speed  {(m/s)., current heading
(degrees), and the location of cach of the birds in the horizontal
plane in a vesset fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18. The global control system
22 wHll preferably send the following values to the local bird
controller: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.”™).

See, ez, Hillesund “895 at p, 6, Paragraph 3 (*Localized current
Huctuations can dramatically influence the magnitude of the side
control  required to property position the streamers. To
compensate for these localized current fluctuations, the inventive
control - system  utilizes a  distributed processing  control
architecture and behavior-predictive model-based control logic
to properly controf the streamer positioning devices.™).

6. The apparatus of claim 4 wherein
the master controller compensates

for maneuverability in the
positioning commands to
compensate  for  maneuverability

influences on the positioning of the
streamers and the array geometry.

The Hillesund ‘893 application discloses this limitation,
See Claim 4 Analysis.

See, e.g., Hillesund “895 at p. 7, Paragraph 3 (“The global
control system 22 preferably calculates the desired vertical and
horizontal forces based on the behavior of each streamer and
also takes into account the behavior of the complete streamer
array.™).

See. e.g., Hillesund ‘895 at p. 8, Paragraph 3 (*The force and
velocity values are delivered by the global control system 22 as
separate  values for each bird 18 on each streamer 12
continuously during operation of the controf system.”).

At the time of the invention it was obvious to a Person Having
Ordinary Skill In The Art at the time of the invention that to
“compensate  for mancuverability influences” it would be
necessary to take into account various maneuverability factors,
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including, but not necessarily limited to, cable diameter, array
type, deployed configuration, vessel type, device type, ete. which
are part of the basis for the behavior of the streamers.

See, e.g. Hillesund *895 at p. 8, Paragraph 3 (“The force and
velocity values are delivered by the global control system 22 as
separate  values for each bird 18 on cach streamer 12
continuously during operation of the control system.”).

10. The apparatus of claim | wherein
the array geometry comprises 2
plurality of streamers positioned at a
uniform depth,

The Hillesund *B9S application discloses this limitation.
See Claim 1 Analysis.

See, e.g., Hillesund "89S at p. 6, Paragraph 1 (“Preferably the
birds 18 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used 1o constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and herizontal directions.”)

Persons Having Ordinary Skill in The Art will recognize that
deploying “a plurality of streamers at a uniform depth’ has been
the most obvious and common industry practice since the
1980°s.

L. The apparatus of claim 1
wherein  the  array  geometry
comprises a piurality ol streamers

positioned at a plurality of depths
for varying temporal resolution of
the array.

The Hillesund ‘895 application discloses this limitation.
See Claim 1 Analysis,

See, e.g., Hillesund *895 at p. 6, Paragraph 1 (“Preferably the birds
I8 are both vertically and horizontally steerable. These birds 18
may, for instance, be located at regular intervals along the
streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.™)

See, eg. Hillesund 895 at p. 19, Paragraph 2 (“In extreme
weather conditions, the inventive control system may also operate
in a streamer separation control mode that attempts to minimize
the risk of entanglement of the streamers. In this control mode. the
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global control system 22 allempts to maximize the distance
between adjacent streamers, The streamers 12 will typically be
separated in depth and the outermost streamers will be positioned
as far away from each other as possible™)

Persons Having Ordinary Skill in The Art will recognize that
deploying “a plurality of streamers positioned at a plurality of
depths’ has been obvious and has been selectively utilized in
industry practice since the 1980°s. In addition to other industry
practitioners, a predecessor company of WesternGeco utilized so-
called “over-under” streamer acquisition selectively since before
the priority date for the (038 patent.

3. The apparatus of claim 4| The Hillesund ‘895 application discloses this limitation.

wherein  the array geometry s

tracked via satellite and | See Claim 4 Analysis,

communicated  to the  master

controiler. See, e.g.. Hillesund “895 at p. 6, Paragraph 2 (“The global control
system 22 Is typically connected to the seismic survey vessel's
navigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity and
current direction and velocity, from the vessel’s navigation
system.”).
See, e.g., Hillesund *895 at p. 7, Paragraph 1 (“Alternatively., or
additionally, satellite-based global positioning system equipment
can be used to determine the positions of the equipment.”).

14, A seismic streamer array | The Hillesund ‘895 application discloses this limitation.

tracking  and  positioning  svstem

comprising: See, e.g., Hillesund ‘895 generally, which discloses a svstem

wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined for
this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables.

See, e.g., Hillesund *895 at p. 4, Paragraph titled “Summary of the
Fevention™.

a towing vessel for towing a scismic
array;

The Hillesund “895 application discloses this limitation.

See, e.g.. Hillesund ‘8935, Fig. 1. See also Hillesund ‘893 at p. 3,
Paragraph | (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7").
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a seismic streamer array comprising
a plurality of seismic streamers; an
active streamer positioning device
(ASPD) attached fo each seismic

The Hillesund ‘895 application discloses this limitation.

See, e.g., Hillesund *893, Fig. 1, See alvo Hillesund 895 at p. 5,
Paragraph 1 (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...

See, e.g., Hillesund “893 at p. 6, Paragraph | (“Preferably the birds
E8 are both vertically and horizontally steerable. These birds 18
may, for ipstance, be located at regular intervals along the
streamier, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 cant be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.™)

streamer  for  positioning  ecach
seismic streamer;
a master controller for issuing

vertical and horizontal positioning

commands  to  each  ASPD  for
maintaining  a  specified  array

geom Cil'}";

The Hillesund *895 application discloses this limitation.

See, e.g.. Hillesund ‘895 ut p. 6, Paragraph 2 (“In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global control system 22 located
on or near the seismic survey vessel 10 and a local control system
focated within or near the birds 18, The global control system 22
is typically connected to the seismic survey vessel’s navigation
system and obtains estimates of system wide parameters, such as
the vessel’s towing direction and velocity and current direction
and velocity, from the vessel’s navigation sysiem.™).

See, e.g., Hillesund ‘895 at p. 10, Paragraph 3 {“During operation
of the streamer positioning control svstem, the global control
system 22 preferably transmits, at regular intervals {such as every
five seconds) a desired horizontal force 42 and a desired vertical
force 44 to the local control system 36.7).

See, ¢.g.. Hillesund ‘895 at p. 18, Paragraph 2 (“The inventive
control system is based on shared responsibilitics between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18, The global control
system 227 is tasked with monitoring the positions of the streamers
12 and providing desired forces or desired position information to
the local control svstem 36. ...7)

See, e.g., Hillesund *B9S5 at p. I8, Paragraph 3, to p. 19, Paragraph
2; particularly in regard to the limitation of “specified array
geometry” (“The inventive control system will primarily operate
in two different control modes: a feather angle control mode and a
turn control mode. In the feather angle control mode, the global
control system 22 attempts to keep each streamer in a straight line
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offset from the towing direction by a certain feather angle ... The
turn control mode is used when ending one pass and beginning
another pass during a 3D seismic survey, sometimes referred to as
a “line change”. Typically during the turn mode adjacent
streamers will be depth separated to avoid possible entanglement
during the turn and will be returned to a common depth as soon as
possible after the completion of the tum .... In extreme weather
conditions, the inventive control system may also operate in a
streamer separation contro} mode that attempts to minimize the
risk of entanglement of the streamers. In this contro} mode, the
global control system 22 atdempts to maximize the distance
between adjacent streamers. The streamers 12 will typically be
separated in depth and the outermost streamers will be positioned
as far away from each other as possible. ...”)

an environmental sensor for sensing
environmental factors which
influence the towed path of the
towed array;

The Hillesund ‘895 application discloses this limitation.

See, e.g., Hillesund 895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
conirol required to property position the streamers.”)

See, e.g., Hillesund ‘895 at p. 8, Paragraph 1 (*The giobal control
system 22 will typically acquire the following parameters from
the vessel's navigation system: vessel speed (mm/s), vessel heading
(degrees), current speed (m/s), current heading (degrees), and the
iocation of each of the birds in the horizontal plane in a vessel
fixed coordinate system. ...")

See, e.g.. Hillesund 895 at p. 8, Paragraph 3 (“The “water-
referenced” towing velocity and crosscurrent velocity could
alternatively be determined using flowmeters or other types of
water velocity sensors attached directly to the birds 18. Although
these types of sensors are typicatly quite expensive, one advantage
of this type of velocity determination system is that the sensed in-
line and cross-line velocities will be inherently compensated for
the speed and heading of marine currents acting on said streamer
positioning device and for relative movements between the vessel
1} and the bird 18.),

a tracking system for tracking the

streamer  horizontal  and  vertical
positions  versus time  during &

seismic data acquisition run;

‘The Hillesund *895 application discloses this limitation.

See, e.g., Hillesund 895 at p. 7, Paragraph 2 (“The global control
systern 22 preferably maintaing a dynamic model of each of the
seismic streamers 12 and utilizes the desired and actual positions
of the birds 18 to regularly calculate updated desired vertical and
horizontal forces the birds should impart on the seismic streamers
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12 to move them from their actual positions to their desired
positions.™).

See, ez, Hillesund *895 at p. 7, Paragraph | (“In the preferred
embodiment of the present invention, the global control system 22
monitors the actual positions of each of the birds ...”).

See, ¢.g., Hillesund ‘895 at p. 8, Paragraph I (*The global control
system 22 will typically acquire the following parameters from the
vessel’s navigation system: vessel speed (m/s), vessel heading
(degrees), current speed {m/s), current heading (degrees), and the
location of each of the birds in the horizontal plane in a vessel
fixed coordinate system.™)

an array geoemetry tracking system
for tracking the array
versus time during a seismic data
acquisition run, wherein the master
controler compares the vertical and
horizontal positions of the streamers
versus time and the array geomelry
versus  fime  to  desired  streamer
positions and array geometry versus

geomelry

time  and  issues  positioning
commands  to  the ASPDs 1o
maintain  the desired  streamer

positions and array geometry versus
time.

The Hillesund ‘895 application discloses this limitation,

See, e.g., Hillesund ‘895 at p. 7, Paragraph 2 (“The global control
system 22 preferably maintains a dynamic model of each of the
scismic streamers 12 and utilizes the desired and actual positions
of the birds 18 to regularly calculate updated desired vertical and
horizontal forees the birds should impart on the seismic streamers
12 o move them from their actual positions to their desired
positions,™).

See, e.g., Hillesund *895 at p. 18, Paragraph 3, to p. 19, Paragraph
2 particularly in regard to the limitation of “maintain the desired
streamer positions and array geometry versus time.” (“The
inventive control system will primarily operate in two different
control modes: a feather angle control mode and a turn conirol
mode. In the feather angle control mode, the global control system
22 attempts to keep each streamer in a straight line offset from the
towing direction by a certain feather angle .... The turn control
mode s used when ending one pass and beginning another pass
during a 3D seismic survey, sometimes referred to as a “line
change.” The turn control mode consists of two phases. In the first
part of the turn, every bird 18 tries to “throw out” the streamer 12
by generating a force in the opposite direction of the turn. In the
last part of the turn, the birds 18 are directed to go to the position
defined by the feather angle control mode. ... In extreme weather
conditions, the inventive control system may also operate in &
streamer separation control mode that attempts to minimize the
risk of entanglement of the streamers. In this control mode, the
giobal control system 22 attempts to maximize the distance
between adjacent streamers ...7).
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15, The apparatus of claim 14
wherein the master controller factors

in environmental measurements into

the positioning  commands  to
compensate  for  environmental

influences on the positions of the
streamers and the array geometry.

The Hillesund “895 application discloses this Iimitation.
See Claim 14 Analysis.

See, e.g., Hillesund ‘895 at p. 8, Paragraph 1 (*The global control
system 22 will typically acquire the following parameters from the
vessel’s navigation system: vessel speed (m/s), vessel heading
(degrees), current speed (m/s), current heading (degrees), and the
focation of ecach of the birds in the horizontal plane in a vessel
fixed coordinate system. Current speed and heading can also be
estimated based on the average forces acting on the streamers 12
by the birds 18, The global control system 22 will preferably send
the following values to the local bird controller: demanded vertical
force, demanded horizontal force, towing velocity, and
crosseurrent velocity.”).

See, e.g., Hillesund ‘895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers. To compensate
for these localized current fluctuations, the inventive control
system utilizes a distributed processing control architecture and
behavior-predictive model-based control logic to properly control
the streamer positioning devices.”).

16, The apparatus of claim |4
wherein  the  master  controller
compensates for mancuverability in

the  positioning  commands 1o
compensate  for  maneuverability

influences on the positioning of the
streamers and the array geometry,

f

The Hillesund 8935 application discloses this limitation.
See Claim 14 Analysis.

See, e.g., Hillesund ‘895 at p. 7, Paragraph 3 (“The global control
systemn 22 preferably calculates the desired vertical and horizontal
forces based on the behavior of each streamer and also takes into
account the behavior of the complete streamer array.”).

A Person Having Ordinary Skill In The Art at the time of the
invention would find this limitation to be inherent in the invention.
To “compensate for maneuverability influences” it would be
necessary to take into account various maneuverability factors,
including, but not necessarily limited to, cable diameter, array
type, deployed configuration, vessel type, device type, etc. which
are part of the basis for the behavior of the streamers,

See, e.g., Hillesund ‘895 at p. 8, Paragraph 3 (“The force and
velocity values are delivered by the global control system 22 as
separate values for each bird 18 on each streamer 12 continuously
during operation of the control system.”).

b4
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At the time of the invention it was obvious to a Person Having
Ordinary Skill In The Art at the time of the invention that to
“compensate  for maneuverability intluences” it would be
necessary 10 take into account various maneuverability factors,
including, but not necessarily limited to, cable diameter, array
type, deployed configuration, vessel type, device type, ete. which

are part of the basis for the behavior of the streamers.

7.0 the apparatus of claim 14
further comprising: a monitor for
determming  the  status of  cach
streamer, wherein the master
controller adjusts the array zeometry
to compensate for a failed streamer.

The Hillesund ‘893 application discloses this limitation.

A Person Having Ordinary Skill In The Art will recognize that it
was obvious common practice at the time of the invention to
monitor the status of each streamer. They will also recognize that
it was obvious common practice to compensate for failed
Streamers to the maximum extent that towing capabilities of a
given vessel allowed.

200 A seismic  streamer
tracking and  positioning
comprising:

array
system

The Hitlesund *895 application discloses this limitation.

See, e.g., Hillesund 895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined for
this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables.

See, e.g., Hillesund *895 at p. 4, Paragraph titled “Summary of the
nvention.”

a towing vessel for towing a seismic
array,

The Hillesund *893 application discloses this limitation.

See, e.g., Hillesund ‘895, Fig. |. See also Hillesund ‘895 at p. 3,
Paragraph I (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...”),

a seismic streamer array comprising
a plurality of scismic streamers;

The Hillesund “895 application discloses this Hmitation,

See, e.g., Hillesund ‘893, Fig. 1. See also Hillesund 895 at p. 5,
Paragraph 1 (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7).
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an - active  streamer  positioning
device (ASPD) attached to each
seismic streamer for vertically and

horizontally positioning each
seismic  streamer relative to the
array;

The Hillesund ‘8§95 application discloses this limitation.

See, e.g., Hillesund ‘895 at p. 6, Paragraph | (“Preferably the birds
18 are both vertically and horizontally steerable. These birds 18
may, for instance, be located at regular intervals along the
streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.™)

See, e.g., Hillesund ‘895 at p. 18, Paragraph 3, to p. 19, Paragraph
2 particularly in regard to the limitation of “pesitioning each
seismic streamer relative to the array”. (“The inventive control
system will primarily operate in two different control modes: a
feather angle control mode and a turn control mode. In the feather
angle control mode, the global control system 22 attempts to keep
ecach streamer in a straight line offset from the towing direction by
a certain feather angle ... The turn control mode is used when
ending one pass and beginning another pass during a 3D seismic
survey, sometimes referred 10 as a “line change”™. The turn control
mode consists of two phases. In the first part of the turn, every
bird 18 tries to “throw out” the streamer 12 hy generating a force
in the opposite direction of the turn. In the last part of the turn, the
birds 18 are directed to go to the position defined by the feather
angle control mode.... In extreme weather conditions, the
inventive control system may also operate in a streamer separation
control mode that attempts to minimize the risk of entanglement
of the streamers. In this control mode, the global control system
22 attempts to maximize the distance between adjacent streamers.
The streamers 12 will typically be separated in depth ...

The *038 patent discloses that this Hmitation was well known to
one skilled in the art prior to and at the time of the invention.

See, e.g., "038 patent, Col. 1, 11 25-56 (discussing the known prior
art including attaching control apparatuses to seismic streamers to
position streamers).

and a master controller for issuing
positioning  commands  t¢  each
ASPD for maintaining a specified
array path,

The Hillesund *895 application discioses this limitation.

See, e.g.. Hillesund ‘895 at p. 6, Paragraph 2 (“In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global control system 22 located
on or near the seismic survey vessel 10 and a local control system
located within or near the birds ... 7).
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See, e.g., Hillesund *893 at p, 10, Paragraph 3 (“During operation
ol the streamer positioning control system, the global control
system 22 preferably transmits, at regular intervals (such as every
five seconds) a desired horizontal force 42 and a desired vertical
force 44 to the local control system 36.7)

See, e.g., Hillesund 895 at p. 18, Paragraph 2 (“The inventive
control system is based on shared responsibilitics between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18. The global control
system 22 is tasked with monitoring the positions of the streamers
12 and providing desired forces or desired position information to
the local control system 36. The local controf system 36 within
each bird 18 is responsible for adjusting the wing splay angle to
rotate the bird to the proper position and for adjusting the wing
common angle to produce the magnitude of total desired force
required.”).

See, e.g., Hillesund 895 at p. 18, Paragraph 3, 10 p. 19, Paragraph
2; particularly in regard to the imitation of “specified array path™
(“The inventive control system will primarily operate in two
different control modes: a feather angle control mode and a tumn
control mode. In the feather angle control mode, the global control
system 22 attempts to keep cach streamer in a straight Hne offset
from the towing direction by a certain feather angle ...

The turn control mode is used when ending one pass and
beginning another pass during a 3D seismic survey, sometimes
referred 10 as a “Hne change.” The turn control mode consists of
two phases. In the first part of the turn, every bird 18 tries to
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn, In the last part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control
mode, ... In extreme weather conditions, the inventive control
systemh may also operate in a streamer separation control mode
that aitempis lo minimize the risk of entangiement of the
streamers. [n this control mode, the global control system 22
attempts to maximize the distance between adjacent streamers.
The streamers 12 will typically be separated in depth and the
outermost streamers will be positioned as far away from each
other as possible. The inner streamers will then be regularly
spaced between these outermost streamers, i.e. each bird 18 will
receive desired horizontal forces 42 or desired horizontal position
information that will direct the bird 18 to the midpeint position
between its adjacent streamers.”}.

17
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21, The apparatus of claim 20
wherein the master controller issues
positioning commands o the towing
vessel for maintaining a specified
array path,

The Hillesund *895 application discloses this hmitation,
See Claim 20 Analysis,

See, e.g., Hillesund *895 at p. 6, Paragraph 2 {“The global control
system 22 is typically connected to the seismic survey vessel’s
navigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity and
current direction and velocity, from the vessel’s navigation
system.”™)

In addition, Persons Having Ordinary Skill In The Art will readily
recognize that the seismic survey vessel’s navigation system is
typically utilized to steer the vessel in routine seismic acquisition
operations {“auto-pilot™).

22, The apparatus of claim 20

further comprising:

The Hillesund ‘895 application discloses this Hmitation,

See Claim 20 Analysis.

a processor for calculating  an
optimal path for the seismic array
for optimal coverage during seismic
data acgquisition over a seismie ficld;

The Hillesund ‘895 application discloses this limitation.
See Claim 20 Analysis.
See, e.g., Hillesund *893, Fig 4.

See, e.g., Hillesund "89S at p. 6. Paragraph 3 (“To compensate for
these localized current fluctuations, the inventive control system
utilizes a distributed processing control architecture and behavior-
predictive model-based control logic to properly control the
streamer positioning devices.”).

A Person Having Ordinary Skill In The Art will recognize that
calculating an “optimal path for the seismic array for optimal
coverage” has been obvious common commercial practice since
before the priority date of the "038 patent. Commercial software
for this calculation was available.

a streamer  behavior  prediction
processor  which  predicts  array

behavior;

The Hillesund ‘895 application discloses this limitation.

See, e.g.. Hillesund *895 at p. 6, Paragraph 3 (“To compensate for
these localized current fluctuations, the inventive control system
utilizes a distributed processing control architecture and behavior-
predictive model-based control logic to properly control the
streamer positioning devices.™),
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and wherein the master controller
compensates for predicted streamer
behavior in issuing vertical and
horizontal positioning commands to
the towing vessel and the ASPDs for
positioning  the array  along  the
optimal path,

The Hillesund ‘895 application discloses this limitation.

See, e.g.. Hillesund 895 at p. 6, Paragraph 3 (“To compensate for
these localized current fluctuations, the inventive contral system
utilizes a distributed processing control architecture and behavior-
predictive model-based control logic to properly control the
sireamer positioning devices.”).

At the time of the invention of the ‘038 patent, a Person Having
Ordinary Skill In The Art would have found it obvious to position
the array along the optimal path, using various technologics
including neural-networks and behavior-predictive model based
control logic.

23. The apparatus of claim 22
wherein  the  master  controller
compensates  for  environmental
factors in the positioning
commands,

The Hillesund *895 application discloses this limitation.
See Claim 22 Analysis.

See, e.g.. Hillesund ‘895 at p. 8, Pavagraph | (“The global control
system 22 will typically acquire the folowing parameters from the
vessel’s navigation system: vessel speed (m/s), vessel heading
(degrees), current speed (m/s), current heading (degrees), and the
focation of each of the birds in the horizental plane in a vessel
fixed coordinate system. Current speed and heading can also be
cstimated based on the average forces acting on the streamers 12
by the birds 18. The global contro! system 22 will preferably send
the following values to the focal bird controller: demanded vertical
force, demanded horizontal force, towing velocity, and
crosscurrent velocity.”).

See, ¢.g., Hillesund ‘895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers. To compensate
for these localized current fluctuations, the inventive control
system utilizes a distributed processing control architecture and
behavior-predictive model-based control logic to properly control
the streamer positioning devices.™).

24. The apparatus of claim 23

wherein  the  master  controller
compensates  for  maneuverability
factors in the positioning
commands,

The Hillesund “895 application discloses this limitation.
See Claim 23 Analysis.

See, e.g., Hillesund ‘895 at p. 7, Paragraph 3 (“The global control
system 22 preferably calculates the desired vertical and horizontal
forces based on the behavior of each streamer and also takes into
account the behavior of the complete streamer array.™).
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This limitation is inherent. It would be necessary to take into
account some maneuverability factors such as cable diameter,
array type, deployed configuration which are part of the basis for
the behavior of the streamers to be able to implement the
invention of Claim 23,

See, e.g., Hillesund ‘B95 at p. 8, Paragraph 3 (“The force and
velocity values are delivered by the global control system 22 as
separate values for each bird 18 on each streamer 12 continuously
during operation of the control system.™).

At the time of the invention it was obvious to a Person Having
Ordinary Skill In The Art at the time of the invention that to
“compensate for manecuverability influences” it would be
necessary to take into account various mancuverability factors,
including, but not necessarily limited to, cable diameter, array
type, deployed configuration, vessel type, device type, ete. which
are part of the basis for the behavior of the streamers,

25 A seismic  streamer
tracking and positioning
comprising:

array
svstem

The Hillesund "89S application discloses this limitation.

See, eg., Hillesund ‘895 generallv, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined for
this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cahles,

See, e.gr., Hillesund *895 at p. 4, Paragraph titled “Summary of the
Invention.”

a towing vessel for towing a seismic
array;

The Hillesund 895 application discloses this limitation.

See, e.g., Hillesund ‘893, Fig. 1. See also Hillesund ‘895 at p. 3,
Paragraph | (*In Figure ], a seismic survey vessel 10 is shown
towing eight marine seismic streamers ... ")

a seismric streamer array comprising
a plurality of seismic streamers;

The Hillesund “895 application discloses this limitation,

See, e.g., Hillesund *895, Fig. |. See alse Hillesund ‘895 at p. 3,
Paragraph 1 ("In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7).

an  active  streamer  positioning
device {ASPD) aitached to each
seismic streamer for vertically and
horizontally nositioning each

The Hillesund 895 application discloses this limitation.

See, e.g., Hillesund *895 at p. 6, Paragraph | (“Preferably the birds
18 are both vertically and horizontally steerable. These birds 18
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seismic
array;

streamer

relative

1o

the

may, for instance, be located at regular intervals along the
streamer, such as cvery 200 to 400 meters. The vertically and
horizontally stecrabie birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflecior 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.”)

See, e.g., Hillesund ‘895 at p. 18, Paragraph 3, to p. 19, Paragraph
2 particularly in regard to ‘relative’ positioning of streamers (“The
inventive control system will primarily operate in two different
control modes: a feather angle control mode and a turn control
mode. In the feather angle control mode, the global control system
22 attempis to keep each streamer in a straight line offset from the
towing dircction by a certain feather angle .... The turn control
mode is used when ending one pass and beginning another pass
during a 3D seismic survey, sometimes referred to as a “line
change”. The turn control mode consists of two phases. In the first
part of the turn, every bird 18 tries to “throw out” the streamer 12
by generating a force in the opposite direction of the turn. In the
fast part of the turn, the birds 18 are directed to go to the position
defined by the feather angle control mode. By doing this, a tighter
turn can be achieved and the turn time of the vessel and eguipment
can be substantially reduced. Typically during the turn mode
adjacent streamers will be depth separated to avoid possible
entanglement during the turn and will be returned to a common
depth as soon as possible afler the completion of the turn ... In
extreme weather conditions, the inventive control system may also
operate in a streamer Separation control mode that attempts to
minimize the risk of entanglement of the streamers. In this control
mode, the global control system 22 attempts to maximize the
distance between adjacent streamers. The streamers 12 will
typically be separated in depth and the outermost streamers will be
positioned as far away from each other as possible. The inner
streamers will then be regularly spaced between these outermost
streamers, i.e. each bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 18 to the midpoint position between its adjacent streamers.”™).

The *038 patent discloses that this Hmitation was well known to
one skilled in the art prior to and at the time of the invention.

See, e.g., *038 patent, Col. |, 1. 25-56 (discussing the known prior
art including attaching control apparatuses to seismic streamers to
position streamers).

(]
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a master controlter for issuing
positioning  commands  to  each
ASPD and to the towing vessel for
maintaining  an  optimal  path,
wherein the master controller further
comprises a processor for
calcufating an optimal path for the
seismic array for optimal coverage
during seismic data acquisition over
a seismic field, and a streamer
behavior prediction processor which
predicts array behavior, wherein the
master controller compensates for
predicted  streamer  behavior in
issuing positiening commands to the
towing vessel and the ASPDs for

positioning the array along the
optimal path. wherein the master
controller compensates for

environmental and maneaverability
factors in the positioning
commands.

The Hillesund *893 application discloses this limitation.

See, e.g.. Hillesund ‘895 at p. 6, Paragraph 2 (“In the preferred
embodiment of the present inveation, the control system for the
birds 18 is distributed between a global control system 22 located
on or near the seismic survey vessel 10 and a local control system
located within or near the birds 18. The global control system 22
is typically connected to the seismic survey vessel’s navigation
system and obtains estimates of system wide parameters, such as
the vessel’s towing direction and velocity and current direction
and velocity, from the vessel’s navigation svstem.”).

See, e.g.. Hiliesund ‘895 at p. 10, Paragraph 3 (“During operation
of the streamer positioning control system, the global control
system 22 preferably transmits, at regular intervals (such as every
five seconds) a desired horizontal force 42 and a desired vertical
force 44 to the local control system 36.7).

See, e.g., Hillesund "895 at p. 18, Paragraph 2 (“The inventive
controt system is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18, The global control
system 22 is tasked with monitoring the positions of the streamers
12 and providing desired forces or desired position information to
the locai control system 36. The local control system 36 within
each bird 18 is responsible for adjusting the wing splay angle to
rotate the bird to the proper position and for adjusting the wing
common angle to produce the magnitude of total desired force
required.”).

See, e.g., Hillesund *895 at p. 18, Paragraph 3, to p. 19, Paragraph
2 (*The inventive control system will primarily operate in two
different control modes: a feather angle control mode and a turn
control mode. In the feather angle control mode, the global control
system 22 attempts to keep each streamer in a straight line offset
from the towing direction by a certain feather angle ..., The tumn
control mode is used when ending one pass and beginning another
pass during a 3D seismic survey, sometimes referred to as a “line
change.” The turn control mode consists of two phases. In the first
part of the turn, every bird 18 tries to “throw out” the streamer 12
by generating a force in the opposite direction of the turn. In the
fast part of the turn, the birds 18 are directed to go to the position
defined by the feather angle control mode. By doing this, a tighter
turn can be achieved and the turn time of the vessel and equipment
can be substantially reduced. Typically during the turn mode
adjacent streamers will be depth separated 1o avoid possible
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entanglement during the wrn and will be returned to a conunon
depth as soon as possible after the completion of the turmn ... In
extreme weather conditions, the inventive controf system may also
operate In a streamer separation control mode that attempts to
minimize the risk of entanglement of the streamers. In this control
mode, the global control system 22 attempts to maximize the
distance between adjacent streamers, The streamers 12 will
typicatly be separated in depth and the outermost streamers will be
positioned as far away from cach other as possible. The inner
streamers will then be regularly spaced between these outermost
streamers, Le. each bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 18 to the midpoint position between its adjacent streamers.”).

See, ez, Hillesund *895 at p. 8, Paragraph | (“The global control
system 22 will typically acquire the following parameters from the
vessel’s navigation system: vesscl speed (m/s), vessel heading
{degrees), current speed {m/s), current heading (degrees), and the
location of cach of the birds in the hoerizontal plane in a vessel
fixed coordinate system. Current speed and heading can also be
gstimated based on the average forces acting on the streamers 12
by the birds 18. The global control system 22 will preferably send
the following values to the local bird controller: demanded vertical
force, demanded horizontal  force, towing velocity, and
crosscurrent velocity ™),

See, e.g., Hillesund ‘895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers. To compensate
for these localized current fluctuations, the inventive control
svstem utilizes a distributed processing control architecture and
behavior-predictive model-based control logic to properly control
the streamer positioning devices.™).

See, e.g., Hillesund *895 at p. 7. Paragraph 3 {“The global control
system 22 preferably calculates the desired vertical and horizontal
forces based on the behavior of each streamer and also takes into
account the behavior of the complete streamer array.”).

A Person Having Ordinary Skill In The Art at the time of the ‘038
invention would have recognized that caleulating an “optimal path
for the seismic array for optimal coverage” was obvious commaon
commercial practice. TON predecessor companies, among others,
offered commercial software for this calculation at this time.

2]
Lo
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26. A method for tracking and
positioning a seismic streamer array
comprising:

The Hillesund ‘895 application discloses this limitation,

See, e.g., Hillesund 895 generally, which discloses a svstem
wherein a towing vessel tows a seismic array comprised of a
phurafity of seismic streamers. Actual positions are determined for
this array, and positions are controfled by seismic streamer
positioping devices attached to the streamer cables.

See, e.g., Hillesund 895 at p. 4, Paragraph titled “Summary of the
Invention.”

for towing a  seismic  aray
comprising a plurality of seismic
streamers;

The Hillesund 895 application discloses this limitation,

See, e.g., Hillesund ‘895, Fig. 1. See also Hillesund ‘895 at p. 5,
Paragraph | {"In Figure 1, a scismic survey vessel 10 is shown
towing eight marine seismic streamers ... "),

attaching  an active  streamer
positioning  device (ASPD) each
seismic sireamer for positionmg the
seismic sireamer relative to other
seismic streamers within the array;

The Hillesund 895 application discloses this limitation.

See, e.g., Hillesund *895 at p. 6, Paragraph 1 {“Preferably the birds
I8 are both vertically and horizontally steerable. These birds 18
may, for instance, be located at regular intervals along the
streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds |8 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.™)

See, e.g., Hillesund “895 at p. 18, Paragraph 3, to p. 19, Paragraph
2 particularly in regard to ‘relative’ positioning of streamers {“The
inventive control system will primarily operate in two different
coatrol modes: a feather angle control mode and a turn control
mode. In the feather angle control mode, the global controf svstem
22 attempts to keep each streamer in a straight line offset from the
towing direction by a certain feather angle ..., The turn control
mode is used when ending one pass and beginning another pass
during a 3D seismic survey, sometimes referred to as a “line
change.” The turn control mode consists of two phases. In the first
part of the turn, every bird 18 tries to “throw out” the streamer 12
by generating a force in the opposite direction of the turn. In the
last part of the turn, the birds I8 are directed to go to the position
defined by the feather angle control mode. By doing this, a tighter
turn can be achieved and the turn time of the vessel and equipment
can be substantially reduced. Typically during the turn mode

WesternGeco Ex. 2033, pg. 135
IPR2015-00567
ION v WesternGeco




adjacent streamers will be depth separated to avoid possible
entanglement during the turn and will be returned to a common
depth as soon as possible after the completion of the turn ... In
extreme weather conditions, the inventive control svstem may also
operate in a streamer separation control mode that attempts to
minimize the risk of entanglement of the streamers. In this control
mode, the global control system 22 attempts 1o maximize the
distance between adjacent streamers. The streamers 12 will
typically be separated in depth and the outermost streamers will be
positioned as far away from ecach other as possible. The inner
streamers will then be regularly spaced between these outermost
streamers, e, each bird 18 will receive desired horizontal forces
42 or desired herizontal position information that will direct the
bird 18 to the midpoint position between its adjacent streamers.”).

The 038 patent discloses that this limitation was well known to
one skilled in the art prior to and at the time of the invention.

See, e.g., 1038 patent, Col. 1, lL. 25-56 (discussing the known prior
art including attaching control apparatuses to seismic streamers to
position streamers),

and issuing vertical and horizontal
positioning  commands to  each
ASPDY for maintaining a specified
array geometry.

The Hillesund *895 application discloses this limitation.

See, e.g.. Hillesund *895 at p. 18, Paragraph 3, to p. 19, Paragraph
2; particularly in regard to the limitation of “specified array
geomelry” (“The inventive control system will primarily operate
in two different control modes: a feather angle control mode and a
turn control mode. In the feather angle control mode, the global
control system 22 attempts to keep each streamer in a straight line
offset from the towing direction by a certain feather angle ... The
turn control mode is used when ending one pass and beginning
another pass during a 3D seismic survey, sometimes referred to as
a “line change.” The turn control mode consists of two phases. In
the first part of the turn, every bird 18 tries to “throw out” the
streamer |12 by generating a force in the opposite direction of the
turn. ... In extreme weather conditions, the inventive control
system may also operate in a streamer separation control mode
that attempts to minimize the risk of entanglement of the
streamers. In this controi mode, the global control system 22
attempts 1o maximize the distance between adjacent streamers.
The streamers 12 will typically be separated in depth and the
cutermost streamers will be positioned as far away from each
other as possible. The inner streamers will then be regularly
spaced between these outermost streamers, i.e, each bird 18 will
receive desired horizontal forces 42 or desired horizontal position

R
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information that will direct the bird 18 to the midpoint position
between its adjacent streamers.”).

27, The method of ¢laim 26 further
comprising: providing an
environmental sensor for sensing
environmental factors which
influence the path of the towed
array.

The Hillesund *895 application discloses this limitation.

See, e.g., Hillesund ‘895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
conirol required (o property position the streamers.

See, e.g., Hillesund ‘895 at p. 8, Paragraph 1 (“The global control
system 22 will typically acquire the following parameters from the
vessel’s navigation system: vessel speed {m/s), vessel heading
{degrees), current speed (m/s), current heading (degrees), and the
location of each of the birds in the horizontal plane in a vessel
fixed coordinate system. Current speed and heading can also be
estimated based on the average forces acting on the streamers 12
by the birds 18. The global control system 22 will preferably send
the following values to the focal bird controlter: demanded vertical
force, demanded horizontal force, towing velocity, and
crosscurrent velocity.”).

See, e.g.. Hillesund ‘895 at p. &, Paragraph 3 (“The “water-
referenced” towing velocity and crosscurrent velocity could
alternatively be determined using f{lowmeters or other types of
water velocity sensors attached directly to the birds 18, Although
these types of sensors are typically quite expensive, one advantage
of this type of velocity determination system is that the sensed in-
fine and cross-line velocities will be inherently compensated for
the speed and heading of marine currents acting on said streamer
positioning device and for relative movements between the vessel
10 and the bird 18.7).

28. The method of claim 26 further
comprising: providing a {racking
system for fracking the streamer
positions  versus time during a
seismic data acquisition run and
storing the positions versus time in &
legacy database for repeating the

positions  versus  time  in  a
subsequent data acquisition; and
providing an  array  geomeiry

tracking systerm  for tracking the
array geometry versus time during a
seismic data acquisition run and

The Hillesund “895 application discloses this Hmitation.
See Claim 26 Analysis.

See, ¢.g., Hillesund ‘895 at p. 7, Paragraph 2 (“The global control
system 22 preferably maintains a dynamic model of each of the
seismic streamers 12 and utilizes the desired and actual positions
of the birds 18 to regularly calculate updated desired vertical and
horizontal forces the birds should impart on the seismic streamers
12 to move them from their actual positions to their desired
positions.”).

See, e.g., Hillesund *895 at p. 7, Paragraph 1 (“In the preferred
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storing the array geomelry versus
time in a legacy database for
repeating the array geomelsy versus
time in a subsequent data acquisition
run.

embodiment of the present invention, the global control system 22
monitors the actual positions of each of the birds 18 and is
programmed with the desired positions of or the desired minimum
separations between the s¢ismic streamers 12,770,

See, e.g., Hillesund *895 at p. 8, Paragraph 1 (“The global control
system 22 will typically acquire the following parameters from the
vessel’s navigation system: vessel speed (m/s), vessel heading
(degrees), current speed (mm/s), current heading (degrees), and the
location of each of the birds in the horizontal plane in a vessel
fixed coordinate system.™)

In regard to “array geometry tracking system,” sce, e.g., Hillesund
‘895 at p. 18, Paragraph 3 to p. 19, Paragraph 2 (“The inventive
controb system will primarily operate in two different control
modes: a feather angle control mode and a turn control mode. In
the feather angle control mode, the global control system 22
attempts 1o keep each strcamer in a straight line offset from the
towing direction by 2 certain feather angle. The feather could be
input either manually, through use of a current meter, or through
use of an estimated value based on the average horizontal bird
forces. Only when the crosscurrent velocity is very small will the
feather angle be set to zero and the desired streamer positions be
in precise alignment with the towing direction.

The wrn control mode is used when ending one pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change”. The turn control mode consists of
two phases. In the first part of the turn, every bird 18 tries to
“throw out”™ the streamer 12 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control
mode. By doing this, a tighter tum can be achieved and the turn
time of the vessel and equipment can be substantially reduced.
Typicaily during the turn mode adjacent streamers will be depth
separated to avoid possible entanglement during the turn and will
be returned to a common depth as soon as possible after the
completion of the turn. The vessel navigation system will typically
notity the global control system 22 when to start throwing the
streamers 12 out, and when to start straightening the streamers,

In extreme weather conditions, the inventive control system may
also operate in a streamer separation control mode that attempts to
minimize the risk of entanglement of the streamers. In this control
mode, the global control system 22 attempts to maximize the
distance between adjacent streamers. The streamers 12 will
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tvpically be separated in depth and the outermost streamers will be
positioned as far away from each other as possible. The inner
streammers will then be regularly spaced between these outermost
streamers, i.e. each bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 18 to the midpoini position between its adjacent streamers.™).

Persons Having Ordinary Skill In The Art at the time of invention
would have recognized that tracking streamer positions and
storing the positions in a legacy database, including the times
during acquisition, was obvious and had been in widespread
industry standard practice since the late 1980°s.  Indusery
standards (such as the so-called UKOOA navigation database
standards) have existed and been used since the early 1990°s. It is
alse obvious to a Person Having Ordinary Skill In The Art that
streamer positions in such a database can be repeatedly utilized.

29. The method of claim 28 wherein
the master controller compares the
positions of the streamers versus
time and the array geometry versus
time 1o a desired streamer position
and array geometry versus time and
issues positioning commands to the
ASPDs to mainain the desired
streamer  position  and  array
geometry versus tme.

The Hillesund *895 application discloses this limitation.
See Claim 28 Analvsis,

See, e.g., Hillesund “895 at p. 7. Paragraph 2 (“The global control
system 22 preferably maintains a dynamic model of each of the
seismic streamers 12 and utilizes the desired and actual positions
of the birds 18 to regularly calculate updated desired vertical and
hortzontal forces the birds should impart on the seismic streamers
12 to move them from their actual positions to their desived
positions,”™),

See, e.g., Hillesund “895 at p. 18, Paragraph 2 (“The global control
sysiem 22 is tasked with monitoring the positions of the streamers
12 and providing desired forces or desired position information to
the local control system 36. The local control system 36 within
each bird 18 is responsibie for adjusting the wing splay angle 1o
rotate the bird to the proper position and for adjusting the wing
common angle to produce the magnitude of total desired force
required.™).

30. The method of claim 29 wherein

the master controller facitors in
environmental factors  into  the
nositioning commands o

compensate  for  enviroamental
influences on the positiening of the
streamers and the array geometry,

The Hillesund ‘895 application discloses this limitation.
See Clatm 29 Analysis.
See, e.g., Hillesund “895 at p. 8, Paragraph | (*The global control

system 22 will typically acquire the following parameters from the
vessel’s navigation system: vessel speed (m/s), vessel heading
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(degrees), current speed (m/3), current heading (degrees), and the
location of each of the birds in the horizontal plane in a vessel
fixed coordinate system. Current speed and heading can also be
estimated based on the average forces acting on the streamers 12
by the birds 18. The global control system 22 will preferably send
the following values to the local bird controler: demanded vertical
force, demanded Thorizontal  force, towing velocity, and
crosscurrent velocity.™).

See, e.g., Hillesund 895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers. To compensate
for these localized current Puctuations, the inventive control
system utilizes a distributed processing controb architecture and
behavior-predictive model-based control logic to properly control
the streamer positioning devices.”).

31, The method of claim 30 wherein
the master controller compensates

for  maneuverability in the
positioning commands to
compensate  for  maneuverability

influences on the positioning of the
streamers and the array geometry.

The Hiliesund “895 application discloses this limitation.
See Claim 30 Analysis.

See, e.g., Hillesund 895 at p. 7, Paragraph 3 (“The global control
system 22 preferably caleulates the desired vertical and horizontal
forces based on the behavior of each streamer and also takes into
account the behavior of the complete streamer array,”),

A Person Having Ordinary Skill In The Art at the time of the
invention would find this limitation to be inherent in the invention.
To “compensate for maneuverability influences™ it would be
necessary to take info account various maneuverability factors,
including, but not necessarily limited to, cable diameter, array
type, deployed configuration, vessel type, device type, etc. which
are part of the basis for the behavior of the streamers,

See, e.g., Hillesund ‘895 at p. &, Paragraph 3 (*The force and
velocity values are delivered by the global control system 22 as
separate values for each bird I8 on each streamer 12 continuously
during operation of the control system.”).

At the time of the invention it was obvious to a Person Having
Ordinary Skill In The Art at the time of the invention that 1o
“compensate  for maneuverability influences” it would be
necessary to take into account various mancuverability factors,
including, but not necessarily lmited to, cable diameter, array
type, deploved conliguration, vessel type, device type, elc. which
are part of the basis for the behavior of the streamers.
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32, The method of claim 26 fisther
comprising: providing & monitor for
determining  the  status  of  cach
streamer,  wherein the  master
controller adjusts the array geometry
to compensate for a failed streamer.

Person Having Ordinary Skill In The Art will recognize that it was
obvious commen practice at the time of the invention to monitor
the status of each streamer. They will also recognize that it was
obvious common practice to compensate for failed streamers to
the maximum extent that towing capabilities of’ a given vessel
allowed,

35, the method of clatm 26 wherein
the array geomeiry comprises a
plurality of streamers positioned at a
uniform depth.

The Hillesund “895 application discloses this Hmitation,
See Claim 26 Analysis.

See, e.g., Hillesund ‘895 at p. 6, Paragraph | (“Preferably the birds
18 are both vertically and horizontally steervable. These birds 18
may, for instance, be located at regular intervals along the
streamer, such as every 200 to 400 meters. The vertically and
horizentally steerable birds 18§ can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.™)

Persons Having Ordinary Skill in The Art will recognize that
deploying *a plurality of streamers at a uniform depth’ has been
the most obvious and common industry practice since the [280°s.

36. The method of claim 26 wherein
the array geometry comprises a
piurality of streamers positioned at a
piurality of depths for varying
temporal resolution of the array.

The Hillesund “895 application discloses this limitation,
See Claim 26 Analysis.

See, e.g., Hillesund *895 at p. 6, Paragraph 1 (“Preferably the birds
18 are both vertically and horizontally steerable, These birds 18
may, for instance, be located at regular intervals along the
streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the iail
buoy 20 in both the vertical (depth) and horizontal directions.”)

See, eg., Hillesund ‘895 at p. 19, Paragraph 2 (“In extreme
weather conditions, the inventive control system may also operate
in a streamer separation control mode that attempts to minimize
the risk of entanglement of the streamers. In this control mode, the
global control system 22 attempts to maximize the distance
between adjacent streamers. The streamers 12 will tvpically be
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scparated in depth and the outermost sireamers will be positioned
as far away from each other as possible™)

Persons Having Ordinary Skill in The Art will recognize that
deploying ‘a plurality of streamers positioned at a plurality of
depths’ has been obvious and has been sclectively utilized in
industry practice since the 1980°s. In addition to other industry
practitioners, a predecessor company of WesternGeco utilized so-
called “over-under” streamer acquisition selectively since before
the priority date for the 038 patent.

38. The method of ¢laim 29 wherein
the array geometry is iracked via
satellite and communicated to the
master controller.

The Hillesund “895 application discloses this limitation.
See Claim 29 Analysis.

See, e.g., Hillesund ‘8935 at p. 7, Paragraph | (*The horizontal
positions of the birds 18 can be derived, for instance, using the
types of acoustic positioning  systems Alternatively, or
additionally, satellite-based global positioning system equipment
can be used to determine the positions of the equipment.”)

39, A method for tracking and
posifioning a seismic streamer array
comprising:

The Hillesund “893 application discloses this limitation.

See, e.g., Hillesund ‘895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined for
this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables,

See, e.g.. Hillesund ‘895 at p. 4, Paragraph titled “Summary of the
Invention.”

towing a seismic array comprising a
plurality of seismic streamers from a
towing vessel;

The Hillesund “895 application discloses this limitation,

See, e.g., Hillesund 893, Fig. 1. See also Hillesund ‘895 at p. 5,
Paragraph 1 (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...”).

See, e.g.. Hillesund “895, Fig. 1. See u/so Hillesund ‘895 at p. 5,
Paragraph | (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7).
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attaching  an active  streamer
positioning device {ASPD) 1o cach
seismic  sireamer for  positioning
cach seismic streamer;

The Hillesund *895 application discloses this limitation.

See, e.g., Hillesund *895 at p. 6, Paragraph 1 (“Preferably the birds
18 are both vertically and horizontaly steerable, These birds 18
may, for instance, be located at regular intervals along the
streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.™

See, e.g., Hillesund *895 at p. 18, Paragraph 3, to p. 19, Paragraph
2 particufarly in regard to “positioning” of streamers (“The
iventive control system will primarily operate in two different
control modes: a feather angle control mode and a turn control
mode, ...")

In extreme weather conditions, the inventive control sysiem may
also operate in a streamer separation control mode that attempts to
minimize the risk of entanglement of the streamers. ...

The *038 patent discloses that this limitation was well known to
one skifled in the art prior to and at the time of the invention.

See, e.g., "038 patent, Col. 1, Il. 25-36 (discussing the known prior
art including attaching control apparatuses to seismic streamers {0
position streamers).

issuing positioning commands from
a master controller to cach ASPD o
adjust  vertical  and  horizontal
position of a first streamer relative
to a second streamer in the array for
maintaining a  specified  array
geomelry,;

The Hillesund *893 application discloses this limitation.

See, e.g.. Hillesund 895 at p. 6, Paragraph 2 (“In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global control system 22 located
on or near the seismic survey vessel 10 and a local control system
located within or near the birds 187,

See, e.g.. Hillesund "895 at p. 10, Paragraph 3 (“During operation
of the streamer positioning control system, the global control
system 22 preferably transmits, at regular intervals (such as every
five seconds) a desired horizontal force 42 and a desired vertical
force 44 to the local control system 36.7).

See, e.g., Hillesund 895 at p. 18, Paragraph 2 (“The inventive
control system is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18. The global control
system 22 is tasked with monitoring the positions of the streamers
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12 and providing desired forces or desired position information to
the tocal control system 36. The local control system 36 within
each bird 18 i3 responsible for adjusting the wing splay angle to
rotate the bird 1o the proper position and for adjusting the wing
common angle ¢ produce the magnitude of total desired force
required.”).

See, e.g., Hillesund *895 at p. 18, Paragraph 3, to p. 19, Paragraph
2; particularly in regard to the limitation of “maintaining a
specified array geometry”™ (“The inventive control system will
primarily operate in two different control modes: a feather angle
control mode and a turn control mode. In the feather angle control
mode, the global control system 22 attempts (0 keep each streamer
in a straight line offset from the towing direction by a certain
feather angle ... The turn control moede is used when ending one
pass and beginning another pass during a 3D seismic survey,
sometimes referred to as a “line change.” The wrn control mode
consists of two phases. In the first part of the turn, every bird 18
trics to “throw out” the streamer 12 by generating a force in the
opposite direction of the turn. In the last part of the turn, the birds
[8 arc directed to go to the position defined by the feather angle
control mode. By doing this, a tighter turn ¢an be achieved and the
turn time of the vessel and equipment can be substantially
reduced. Typically during the turn mode adjacent streamers will
be depth separated 1o avoid possible entanglement during the turn
and will be returned to a common depth as soon as possible after
the completion of the turn ... In extreme weather conditions, the
inventive control system may also operate in a streamer separation
control mode that attempts to minimize the risk of entanglement
of the streamers. In this control mode, the global control system
22 attempts to maximize the distance between adjacent streamers.
The streamers 12 will typically be separated in depth and the
cutermost streamers will be positioned as far away from each
other as possible. The inner streamers will then be regularly
spaced between these outermost streamers, i.e. each bird 18 will
receive desired horizontal forces 42 or desired horizontal position
information that will direct the bird 18 to the midpoint position
between its adjacent streamers.”).

sensing envirenmental factors which
influence the towed path of the
towed array;

The Hillesund ‘895 application discloses this limitation.
See, e.g., Hillesund *8935 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side

control required to property position the streamers.”)

See, e.g., Hillesund 895 at p. 8, Paragraph | (“The global controf
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system 22 will typically acquire the following parameters from the
vessel’s navigation system: vessel speed (m/s), vessel heading
{degrees), current speed (m/s), current heading (degrees). and the
location of each of the birds in the horizontal plane in a vessel
fixed coordinate system. Current speed and heading can also be
estimated based on the average forces acting on the streamers 12
by the birds 18. The global control system 22 will preferably send
the following values to the local bird controller: demanded vertical
force, demanded horizontal force, towing velocity, and
crosscurrent velocity.™).

See, e.g., Hillesund *895 at p. 8, Paragraph 3 (“The “water-
referenced” towing velocity and crosscurrent velocity could
alternatively be determined using flowmeters or other types of
water velocity sensors attached directly to the birds 18 Although
these tvpes of sensors are typically quite expensive, one advantage
of this type of velocity determination system is that the sensed in-
line and cross-line velocities will be inherently compensated for
the speed and heading of marine cuarrents acting on said streamer
positioning device and for refative movements between the vessel
10 and the bird 18.7),

fracking the streamer  positions
versus time during a seismic data
acquisition run;

The Hillesund *895 application discioses this limitation.

See, e.g., Hillesund *895 at p. 7, Paragraph 2 (*“The global control
system 22 preferably maintains a dynamic model of each of the
seismic streamers 12 and utilizes the desired and actual positions
of the birds 18 to regulariy calculate updated desired vertical and
horizontal forces the birds should impart on the seismic streamers
12 to move them from their actual positions to their desired

positions.”).

See, e.g., Hillesund *895 at p. 7, Paragraph I (“In the preferred
embodiment of the present invention, the global control system 22
monitors the actual positions of each of the birds 18 and is
programmed with the desired positions of or the desired minimum
separations between the seismic streamers 2.7,

See, e.g.. Hillesund “895 at p. 8, Paragraph | (*The global control
system 22 will typically acquire the following parameters from the
vessel’s navigation system: vessel speed (m/s). vessel heading
(degrees), current speed {m/s), current heading {degrees), and the
location of each of the birds in the horizontal plane in a vessel
fixed coordinate system.™)

Persons Having Ordinary Skill In The Art at the time of invention
would have recognized that tracking streamer positions and

34
WesternGeco Ex. 2033, pg. 145
IPR2015-00567
ION v WesternGeco




storing the pesitions in a legacy database, including the times
during acquisition, was obvious and had been in widespread
industry standard practice since the late 1980°s.  iIndustry
standards (such as the so-called UKOOA navigation databasc
standards) have existed and been used since the early 1990°s, 1t is
also obvious to a Person Having Ordinary Skill In The Art that
streamer positions in such a database can be repeatedly utilized.

tracking the array geometry versus
time  during a seismic  data
acquisition run, wherein the master
controller compares the positions of
the steamers versus time and the
array  geometry  versus time  {o
desired streanmier positions and array
geometry versus oime and  issues
positioning commands o the ASPDs
to mainiain the desired streamer
positions and array geometry versus
time.

The Hitlesund “895 application discloses this Himitation.

See, e.g.. Hillesund ‘895 at p. 7, Paragraph 2 (“The global control
system 22 preferably maintains a dynamic model of each of the
seismic streamers 12 and utilizes the desired and actual positions
of the birds 18 to regularly calculate updated desired vertical and
herizontal forces the birds should impart on the seismic streamers
1Z 1o move them from their actual positions 1o their desired
positions.”),

See, e.g., Hillesund *895 at p. 18, Paragraph 2 (“The global control
system 22 1s tasked with monitoring the positions of the streamers
12 and providing desired forces or desired position information to
the local control system 36. The local control system 36 within
each bird 18 is responsible for adjusting the wing splay angle to
rotate the bird to the proper position and for adjusting the wing
common angle 10 produce the magnitude of total desired force
reguired.”).

40. The method of claim 39 wherein
the master controller factors in
environmental  measurements  into
the positioning commands 1o
compensate  for  environmental
influences on the positions of the
streamers and the array geometry.

The Hillesund ‘895 application discloses this limitation.
See Chaim 39 Analysis,

See, e.g., Hitlesund ‘895 at p. 8, Paragraph | (“The global contro}
system 22 will fypically acquire the following parameters from the
vessel’s navigation system: vessel speed (m/s), vessel heading
(degrees), current speed (m/s), current heading (degrees), and the
location of each of the birds in the horizontal plane in a vessel
fixed coordinate system. Current speed and heading can also be
estimmated based on the average forces acting on the streamers 12
by the birds 18, The global control system 22 will preferably send
the following values to the local bird controller: demanded vertical
force, demanded horizontal force, towing velocity, and
crosscurrent velocity.™),

See, e.g., Hillesund ‘895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
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conirol required to property position the streamers, To compensate
for these localized current fluctuations, the inventive control
system utilizes a distributed processing control architecture and
behavior-predictive modei-based control logic to properly control
the streamer positioning devices.™).

41. The method of claim 39 wherein
the master controller compensates

for mancuverability in the
positioning contimands 1o
compensate  for  maneuverability

influcnces on the positioning of the
strewmers and the array geometry.

The Hillesund ‘895 application discloses this limitation.
See Claim 39 Analysis.

See, e.g.. Hillesund 893 at p. 7, Paragraph 3 (“The global control
system 22 preferably calculates the desired vertical and horizontal
forces based on the behavior of each streamer and also takes into
account the behavior of the complete streamer array.”).

A Person Having Ordinary Skill In The Art at the time of the
invention would find this limitation to be inherent in the invention,
To “compensate for manecuverability influences” it would be
necessary to take into account various maneuverability faciors,
including, but not necessarily limited to, cable diameter, array
type, deployed configuration, vessel type, device type, etc. which
are part of the basis for the hehavior of the streamers.

See, e.g., Hillesund ‘895 at p. 8, Paragraph 3 (“*The force and
velocity values are delivered by the global control system 22 as
separate values for each bird 18 on each streamer 12 continuously
during operation of the control system.”).

At the time of the invention it was obvious 10 a Person Having
Ordinary Skill In The Art at the time of the invention thai to
“compensate for maneuverability influences”™ it would be
necessary to take into account various maneuverability factors,
including, but not necessarily limited to, cable diameter, array
tvpe, deployed configuration, vessel type, device type, etc. which
are part of the basis for the behavior of the streamers.

42, The method of ¢laim 39 further
comprising: determining the status
of each streamer, wherein the master
controlier adjusts the array geometry
to compensate for o failed streamer,

The IHillesund *895 application discloses this limitation.

A Person Having Ordinary Skill In The Art will recognize that it
was obvicus commoen practice at the time of the invention to
monitor the status of cach streamer. They will also recognize that
it was obvious common practice to compensate for failed
streamiers to the maximum extent that fowing capabilities of a
given vessel allowed.
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45, A method for wacking and
positioning seisimic streamer array
comprising:

The Hillesund ‘895 application discloses this limitation.

See, e.g., Hillesund ‘895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined for
this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables.

See, g, Hillesund “895 at p. 4, Paragraph titled “Summary of the
Invention.”

towing a seismic array comprising a
plurality of seismic streamers;

The Hitlesund “895 application discloses this limitation.

See, e.g.. Hillesund "895, Fig. 1. See also Hillesund ‘8935 at p. 5,
Paragraph ! (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7).

attaching an  active  streamer
positioning deviee (ASPD) attached
to  each seismic  streamer  for
positioning cach seismic streamer;

The Hilfesund *895 application discloses this Hmitation.

See, e.g., Hillesund *895 at p. 6, Paragraph | (“Preferably the birds
18 are both vertically and horizontally steerable. These birds 18
may, for instance, be located at regular intervals along the
streamer, such as every 200 to 400 meters. The vertically and
norizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer .7)

See, e.g., Hillesund ‘895 at p. 18, Paragraph 3, to p. 19, Paragraph
2 particularly in regard to “positioning each seismic streamer”
(“The inventive control system will primarily operate in two
different control modes: a feather angle control mode and a turn
control mode, In the feather angle control mode, the global control
system 22 attempts to keep each streamer in a straight line offset
from the towing direction by a certain feather angle ... The turn
control mode is used when ending one pass and beginning another
pass during a 31D seismic survey, sometimes referred to as a “line
change.” The turn control mode consists of two phases, In the first
part of the turn, every bird 18 tries to “throw out” the streamer 12
by generating a force in the opposite direction of the turn. In the
last part of the turn, the birds 18 are directed to go to the position
defined by the feather angle control mode. ... Typically during the
turn mode adjacent streamers will be depth separated to avoid
possible entanglement during the turn and will be returned to a
common depth as soon as possible after the completion of the turn

In extreme weather conditions, the inventive control system
may also operate in a streamer separation control mode that
attempts to minimize the risk of entanglement of the streamers. In
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this control mode, the global control system 22 attempts to
maximize the distance between adjacent streamers. The streamers
12 will typically be separated n depth ...7).

The “038 patent discloses that this Hmitation was well known to
one skilled in the art prior to and at the time of the invention.

See, e.g., ‘038 patent, Col. 1, H. 25-56 {discussing the known prior
art, including attaching control apparatuses to seismic streamers to
position streamers).

and issuing vertical and horizontal
positioning  commands o cach
ASPD for maintaining a specified
array path.

The Hillesund *84935 application discloses this limitation.

See, e.g., Hillesund ‘895 at p. 6, Paragraph 2 (“In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global control system 22 located
on or near the seismic survey vessel 10 and a tocal controt system
located within or near the birds ...

See, e.g., Hillesund ‘895 at p. 10, Paragraph 3 ("During operation
of the streamer positioning control system, the global control
system 22 preferably transmits, at regular intervals (such as every
five seconds) a desired horizontal force 42 and a desired vertical
force 44 to the local control system 36.7).

See, e.g. Hillesund ‘895 at p. 18, Paragraph 2 ("The inventive
control system is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel (0
and the focal control system 36 on the bird 18, The global control
system 22 is tasked with monitoring the positions of the streamers
12 and providing desired forces or desired position information to
the local control svstem 36. The local control system 36 within
each bird 18 is responsibie for adjusting the wing splay angle to
rolate the bird to the proper position and for adjusting the wing
commeon angle to produce the magnitude of total desired force
required.”}.

See, e.g., Hillesund “895 at p. 18, Paragraph 3, to p. 19, Paragraph
2; particularty in regard to the limitation of “specified array path”
(*The inventive control system will primarily operate in two
different control modes: a feather angle control mode and a turn
control mode. In the feather angle control mode, the global controt
system 22 attempts to keep each streamer in a straight line offset
from the towing direction by a certain feather angle .... The turn
control mode is used when ending one pass and beginning another
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pass during a 3D seismic survey, sometimes referred to as a “line
change™. The turn control mode consists of two phases. In the first
part of the tumn, every bird 18 tries to “throw out” the streamer 12
by generating a force in the opposite direction of the tum. In the
fast part of the turn, the birds 18 are directed to go to the position
defined by the feather angle control mode. ... In extreme weather
conditions, the inventive control system may also operate in a
streamer separation control mode thal attempts to minimize the
risk of entanglement of the streamers. In this control mode, the
global control system 22 attempts 1o maximize the distance
between adjacent streamers. The streamers 12 will typically be
separated in depth and the outermost streamers will be positioned
as far away from each other as possible. The inner streamers will
then be regularly spaced between these outermost streamers, i.c.
cach bird 18 will receive desired horizontal forces 42 or desired
horizontal position information that will direct the bird 18 to the
midpoint position between its adjacent streamers.”).

46. The method of clatm 43 wherein
a master controller issues
positioning commands to the towing
vessel for maintaining a specified
array path.

The Hillesund *8935 application discloses this Himitation.
See Claim 45 Analysis.

See, e.g., Hillesund *895 at p. 6, Paragraph 2 (“The global control
system 22 is typically connected to the scismic survey vessel’s
navigation system and obtains  estimates of system  wide
parameters, such as the vessel’s towing direction and velocity and
current direction and veloeity, from the wvessel's navigation
system.™)

In addition, Persons Having Ordinary Skill In The Art will readily
recognize that the seismic survey vessel’s navigation svstem is
typically utilized to steer the vessel in routine seismic acquisition
operations (“auto-pilot™).

47. The method of claim 435 further
comprising: calculating an optimal

path for the scismic array  for
optimal  coverage during seismic

data acquisition over a seismic fieid;

The Hillesund *895 application discloses this limitation.
See Claim 45 Analysis.
See, e.g., Hillesund 895, Fig 4.

See, e.g.. Hillesund *895 at p. 6, Paragraph 3 (*To compensate for
these localized current fluctuations, the inventive controf system
utilizes a distributed processing control architecture and behavior-
predictive model-based control logic to properly control the
streamer positioning devices.”).
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predicting array behavior:

The Hillesund *895 application discloses this limitation.
See, e.g.. Hillesund ‘895, Fig 4.

See, e.g., Hillesund 895 at p. 6, Paragraph 3 (“To compensate for
these localized current fluctuations, the inventive control system
utifizes a distributed processing control architecture and behavior-
predictive model-based control logic to properly control the
streamer positioning devices.™).

and  compensating  for  predicted
streamer  behavior  in issuing

positioning commands to the towing
vessel  and  the ASPDs  for
positioning array along  the
optimal path.

the

The Hillesund *895 application discloses this Hmitation.

See, e.g., Hillesund *895 at p. 6, Paragraph 2 (“In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global control system 22 located
on or near the seismic survey vessel 10 and a local control system
tocated within or near the birds 18, The global control system 22
is typically connected to the seismic survey vessel’s navigation
system and obtains ¢stimates of system wide parameters, such as
the vessel’s towing direction and velocity and current direction
and velocity, from the vessel’s navigation system.™).

See, e.g., Hillesund 895 at p. 6, Paragraph 3 (“To compensate for
these localized current fluctuations, the inventive control system
utilizes a distributed processing control architecture and behavior-
predictive model-based contro! logic to properly control the
streamer positioning devices.”).

See, e.g., Hillesund ‘893 at p. 10, Paragraph 3 (“During operation
of the streamer positioning control system, the giobal control
system 22 preferably transmits, at regular intervals (such ag every
five seconds) a desired horizontal force 42 and a desired vertical
force 44 to the tocal control system 36.7),

See, e.g.. Hillesund *895 at p. 18, Paragraph 2 (“The inventive
conftrol system is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel 10
and the local contrel system 36 on the bird 18. The global control
system 22 is tasked with monitoring the positions of the streamers
12 and providing desired forces or desired position information to
the local control system 36. The local control system 36 within
cach bird 18 is responsible for adjusting the wing splay angle to
rotate the bird to the proper position and for adjusting the wing
common angle to produce the magnitude of twtal desired force
required.”).
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See, e.g., Hillesund *895 at p. 18, Paragraph 3, to p. 19, Paragraph
2; particularly in regard to the Hmitation of “specified array
geomelry” {(“The inventive control system will primarily operate
in two different control modes: a feather angle control mode and a
turn conirol mode. In the feather angle control mode, the global
control system 22 attempts to keep cach streamer in a straight line
offset from the towing direction by a certain feather angle ... The
turn control mode is used when ending one pass and beginning
another pass during a 3D seismic survey, sometimes referred to as
a “line change.” The turn control mode consists of two phases. In
the first part of the turn, every bird 18 trics to “throw out” the
streamer 12 by generating a force in the opposite direction of the
turn. In the last part of the turn, the birds I8 are directed to go to
the position defined by the feather angle control mode. By doing
this, a tighter turn can be achieved and the turn time of the vessel
and equipment can be substantially reduced. Typically during the
turn mode adjacent streamers will be depth separated to avoid
possible entanglement during the turn and will be returned to a
common depth as soon as possible after the completion of the turn

In extreme weather conditions, the inventive control system
may also operate in a streamer separation control mode that
atiempts to minimize the risk of entanglement of the streamers. In
this control mode, the global control system 22 attempts to
maximize the distance between adjacent streamers. The streamers
12 will typically be separated in depth and the outermosl
streamers will be positioned as far away from each other as
possible. The inner streamers will then be regularly spaced
hetween these outermost streamers, Le. each bird 18 will receive
desired  horizontal forces 42 or desired horizontal position
information that will direct the bird 18 to the midpoint position
between its adjacent streamers.”™).

48. The method of claim 47 wherein
the master controller compensates
for environmental factors in the
positioning commands,

The Hilesund ‘895 application discloses this Hmitation.

See Claims 13, 30, and 40 Analyses,

See, e.g., Hillesund ‘895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
coniroi required 1o property position the streamers. To compensate
for these localized current fluctuations, the inventive control
system utilizes a distributed processing control architecture and
behavior-predictive model-based control logic to properly control
the streamer positioning devices.™).
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See, e.g., Hillesund ‘895 at p. 8, Paragraph 1 (*The global control
system 22 will typically acquire the following parameters from the
vessel’s navigation svstem: vessel speed (m/s), vessel heading
{degrees), current speed (m/s), current heading {degrees), and the
location of each of the birds in the horizontal plane in a vessel
fixed coordinate system. Current speed and heading can also be
estimated based on the average forces acting on the streamers 12
by the birds 18. The global control system 22 will preferably send
the following values to the lecal bird controller: demanded vertical
force, demanded horizontal  force, towing  velocity, and
crosscurrent velocity.”).

49. The method of claim 48 wherein
the master controller compensates
for maneuverability factors in the
positioning commands.

The Hillesund *895 application discloses this limitation.
See Claims 16, 31, and 41 Analyses.

See, e.g., Hillesund *895 at p. 7, Paragraph 3 (“The global control
system 22 preferably calculates the desired vertical and horizontal
forces based on the behavior of cach streamer and also takes into
account the behavior of the complete streamer array.™).

A Person Having Ordinary Skill In The Art at the time of the
invention would find this limitation to be inherent in the invention.
To “compensate for maneuverability influences”™ it would be
necessary to take into account various mancuverability factors,
including, but not necessarily limited to, cable diameter, array
tvpe, deployed configuration, vessel type, device type, ete. which
are part of the basis for the behavior of the streamers.

See, e.g., Hillesund “895 at p. 8, Paragraph 3 (*The force and
velocity values are delivered by the global control system 22 as
separate values for each bird 18 on each streamer 12 continuously
during operation of the control system.”).

50. A method for tracking and
positioning a seismic streamer array
comprising:

The Hillesund *895 application discloses this limitation.

See, e.g.. Hillesund "B9S5 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined for
this array, and positions are controlled hy seismic streamer
positioning devices attached to the streamer cables.

See, e.g.. Hillesund “895 at p. 4, Paragraph titled “Summary of the
Invention™.
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towing a seismic array comprising a
plurality of seismic streamers;

The Hillesund ‘895 application discloses this limitation,

See, e.g., Hillesund 895, Tig. 1. See @lso Hillesund “895 at p. 3,
Paragraph T (“In Figure I, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7),

attaching  an  active  sireamer
positioning device (ASPD) attached
to  each  seismic  streamer  for
positioning each seismic streamer;

The Hillesund *895 application discloses this limitation.

See, e.g., Hillesund 895 at p. 6, Paragraph 1 (“Preferably the birds
18 are both vertically and horizontally steerable. These birds 18
may, for instance, be located at regular intervals along the
streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the scismic streamer ...")

See, e.g., Hillesund "89S at p. 18, Paragraph 3, to p. 19, Paragraph
2 particularly in regard lo “positioning each seismic streamer”
(“The inventive control svstem will primarily operate in two
different confrol moedes: a feather angle control mode and a turn
control mode. In the feather angfe controf mode, the global control
system 22 attempts to keep each streamer in a straight line offset
from the towing direction by a certain feather angle ...

In extreme weather conditions, the inventive control system may
also operate in a streamer separation control mode that attempts to
minimize the risk of entanglement of the streamers. ...™)

The ‘038 patent discloses that this limitation was well known fo
one skilled in the art prior to and at the time of the invention.

See, e.g., ‘038 patent, Col. 1, H. 25-56 (discussing the known prior
art, including attaching control apparatuses to seismic streamers to
position streamers).

issuing  horizontal  and  vertical
positioning

commands 1o each
ASPD and to the towing vessel for
maintaining  an  optimal  path,
calculating an optimal path for the
seismic array for optimal coverage
during seismic data acquisition over
a seismic field, and a behavior

The Hilesund "895 application discloses this limitation,

See, e.z., Hillesund 895 at p. 7, Paragraph 2 {*The global control
system 22 preferably maintains a dynamic model of each of the
seismic streamers 12 and utilizes the desired and actual positions
of the birds 18 to regularty calculate updated desired vertical and
horizontal forces the birds should impart on the seismic streamers
12 to move them from their actual positions to their desired
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prediction processor which
predicting array behavior, wherein
the master controller compensates
for predicted streamer behavior in
issuing posttioning commands 1o the
towing vessel and the ASPDs for
positioning  the array  along  the
optimal path, wherein the master
controbler compensates for
environmental and maneuverability
factors in the positioning
commands.

positions.”).

See, e.g., Hillesund *895 at p. 10, Paragraph 3 (“During operation
of the streamer positioning control system, the global control
system 22 preferably transmits, at regular intervals (such as every
five seconds) a desired horizontal force 42 and a desived vertical
force 44 to the local control system 36.7),

See, e, Hillesund 8935 at p. 18, Paragraph 2 (“The inventive
contrel system is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel (0
and the local coatrof system 36 located on the bird 18, The global
control system 22 18 tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the local control svstem 36. The local control
system 36 within each bird 18 is responsible for adjusting the
wing splay angle to rotate the hird to the proper position and for
adjusting the wing common angle to produce the magnitude of
total desired force required.”™).

See, e g.. Hillesund "89S at p, 6, Paragraph 3 (*To compensate for
these localized current fluctuations, the imventive control system
utilizes a distributed processing control architecture and behavior-
prediciive. model-based control logic to properly control the
streamer positioning devices.”).

See, e.g., Hillesund ‘895 at p. 8, Paragraph 1 (“The global control
system 22 will typically acguire the following parameters from the
vessel’s navigation system: vessel speed (m/s), vessel heading
{degrees), current speed {(m/s), current heading {degrees), and the
location of each of the birds in the horizontal plane in a vessel
fixed coordinate system. Current speed and heading can also be
estimated based on the average forces acting on the streamers 12
by the birds 18, The global control system 22 will preferably send
the following values to the local bird controlier: demanded vertical
force, demanded horizontal force, towing velocity, and
crosscurrent velocity.”).

See, e.g, Hillesund *895 at p. 7, Paragraph 3 (“The global control
system 22 preferably calculates the desired vertical and horizontal
forces based on the behavior of cach streamer and also takes into
account the behavior of the complete streamer array.”).

See. e.g., Hillesund ‘895 at p. 8, Paragraph 3 (*The force and
velocity values are delivered by the global control system 22 as
separate values for each bird 18 on each streamer 12 continuously
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during operation of the control system.”).

See afso Claims 1, 2, 5,6, 21, 22, and 25 Analyses.
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EXHIBIT 7

U.S. Patent No. 6,691,038 (the “ *038 patent™) Is Obvious In View of
International Patent Application WO 97/11395 (“Olivier ‘395 Application™)

U.S. Patent No, 6,691,038
Asserted Claims

Citations from Olivier ‘395 Application

Lo A seismic streamer array tracking
and positioning system comprising:

The Olivier International Application WO 97/11395 discloses a
system for tracking and positioning seismic arrays.

& towing vessel for towing a seismic
array:

The Olivier ‘395 application discloses this limitation.

See, e.g, Olivier 395 at p.f, 1. 24; to p. 2, 1. 2 (“In marine
seismic exploration, an underwater cable, commonly referred to
as a streamer cable, is towed through the water by a vessel such
as a surface ship.™)

an o array comprising a

&

SCISMIC sireamers:

plurafity of

The Olivier 395 application discloses this limitation,

See, e.g., Olivier *395 at p. 7, Il [4-15 (“In addition, although
only a single cable 11 is shown, the towing vessel 10 may tow a
plurality of cables simultaneously.”)

an aclive streamer positioning device
{ASPDY anached 1o at least one
scismic streamer for positioning the
seistiie streamer relative to other
seismic streamers within the amay;

The Olivier “393 application discloses this limitation.

See, e.g. Olivier *395 at p. 4, 1L 23-26 (“The external devices of
an underwater cable arrangement according to the present
invention can perform a wide variety of functions, including but
not limited to sensing the head of the cable, performing acoustic
ranging, and controlling the depth of the position of the cable in
the water.”).

For a plurality of cables, a Person Having Ordinary Skill In The
Art at the time of the invention would have found it obvious that
positioning of any one streamer may be relative to other
streamer(s).  See. e.g., Olivier 395 at p. 7, Il 14-15 (“In
addition, although only a single cable 11 is shown, the towing
vessel 10} may tow a plurality of cables simultancously.”)
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L.S. Patent No. 6,691,038
Asserted Claims

Citations from Olivier ‘395 Application

See, e.g. Olivier *395 at p. 13, Il 7-21 (“Figures 7 through 17
iflustrate another example of an external device according to the
present invention. This embodiment is a depth control device 70
which is capable of controlling the depth beneath the water
surface of the underwater cable 20. In addition, it may be used to
steer the cable 20 to control the horizontal position of the cable
20 within the water. Figure 7 is a side efevation showing the
depth control device 70 as it would appear when being towed
through the water to the left in the figure.”).

and o master controlier for issuing
postiioning  commands to each
ASPDY to adjust a vertical  and
horizontal position of a first streamer
retative 1o a second sweeamer within
the array for mainaining o specified

drvay peometry.

The Olivier 395 application discloses this limitation, including
in particular, a controller aboard the towing vessel.

See, e.g. Olivier *395 at p. 24, 1l. 6-11 (*Data representing the
times of transmission and the times of reception of acoustic
pulses arc usually transmitted by the ranging devices over a
communications link through the cable to a controller aboard the
towing vessel. The transit times of pulses between pairs of
ranging devices and therefore the distances between pairs of
locations on the cable, the towing vessel, or the seismic source,
can be determined. From this collection of distances, the shape
of the cable {(and of hydrophones in the cable} can be
estimated.”).

For a plurality of cables, a Person Having Ordinary Skill In The
Art at the time of the invention would have found it obvious that
positioning of any one streamer may be relative to other
streamer(s).  See, e.g., Olivier ‘395 at P. 7, IL 14-15 (“In
addition, although only a single cable 11 is shown, the towing
vessel 10 may tow a plurality of cables simultaneously.”).

The Olivier 395  application inherently  discloses  this
information. The Olivier ‘395 reference discloses a controller
contained on the towing vessel and said controller sends and
receives commands and communications from the external
devices.
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LU.S. Patent No. 6,691,038
Asseried Claims

Citations from Olivier ‘395 Application

2. The apparatus of cham 1 further
comprising: an environmental sensor
for sensing  environmenial  factors
the path of the

which  influence

owed array,

The Ofivier “395 application discioses this limitation.
See Claim | Analysis,

See. e.g. Olivier *395 at p. 47, 1. 24; 10 p. 48, 1. 2 (“Opticnally,
the depth contrel device may also include a conventional
temperature sensor 4206, used for reporting the temperature to the
towing vessel or to temperature-compensate the data reported by
the other sensors. Signal conditioning circuitry 427 converts the
raw temperature sensor signal into a signal to be input into the
microprocessor.”),

HE The apparatus of claim | wherein
the  armay comprises  a
plurality of streamers positioned af a
uniform depth.

geometry

See Claim | Analysis,

See, e.g. Olivier “395 at p. 23, 1L 1-2 (*In addition, based on the
mput signal from the depth sensor 142, the controller 140 can
control the pitch actuator 135 to maintain the depth control
device 70 at a constant depth™).

Persons Having Ordinary Skill in The Art at the time of the
invention would have found it obvious to recognize that
deploying “a plurality of streamers at a uniform depth” had been
the most common industry practice since the 1980°s.  The
Ofivier ‘395 application discloses that the controller has the
ability to maintain the depth control devices, and therefore
necessarily also maintain the streamers at a uniform depth.

P The apparatus of clabm 1 wherein
the array  geomelry
plurality of streamers positioned at a
plurality  of depths  for varying
temporal resolition of the array,

COMprises o

See Claim | Analysis.

The Olivier ‘395 application discloses that the controller has the
ability to control the depth control devices, and thercfore the
streamiers, in a variety of manners, which would include varying

depths.

See, e.g. Olivier *395 at p. 22, 11, 22-23 (“The controller 140 can
control the operation of the depth control device 70 in a variety
of manners™).

It was obvious to Persons Having Ordinary Skill in The Art at
the time of the invention that deploying ‘a plurality of streamers
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U.S. Patent No. 6,691,038
Asserted Claims

Citations from Olivier ‘395 Application

positioned at a plurality of depths’ had been selectively utilized
in industry practice since the [980°s.  In addition to other
industry practitioners, a predecessor company of WesternGeco
utilized so-called “over-under” streamer acquisition selectively
since before the priority date for the *038 patent. The Olivier
*395 application discloses that the controller has the ability to
control the depth control devices, and therefore the streamers, in
a variety of manners, which would include varying depths.

200 A seismic  streamer array
racking and  positioning  sysiem

COMprising:

The Olivier *395 application discloses a system for tracking and
positioning a seismic streamer array.

atowing vessel for towing a seismic
aTay;

The Olivier *395 application discloses this limitation.

See, e.g., Olivier 395 at P.I, L 24 to P. 2, 1. 2 {“In marine
seismic exploration, an underwater cable, commonly referred to
as a streamer cable. is towed through the water by a vessel such
as a surface ship.™

4 selsimic streamer array comprising
a plurality of selsmic streamers:

The Olivier *395 application discloses this limitation.

See, e.g., Olivier 395 at p. 7, Il 14-15 (“In addition, although
only a single cable 11 is shown, the towing vessel 10 may tow a
plurafity of cables simultaneously.”)

an active streamer positioning device
(ASPY attached o each seismic
streamer for vertically and
horizontally positioning each seismic

streamer redative to the array:

The Olivier *395 application discloses this lmitation.

See, e.g. Olivier “395 at p. 4, 1. 23-26 (“The external devices of
an underwater cable arrangement according to the present
invention can perform a wide variety of functions, incheding but
not limited ta sensing the head of the cable, performing acoustic
ranging, and controtling the depth of the position of the cable in
the water.”).

For a plurality of cables, a Person Having Ordinary Skill In The
Art at the time of the invention weuld have found it obvious that

IHOZE] 3w
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positioning of any one streamer may be relative to other
streamer(s).  See, e.g., Olivier 395 at p. 7, 1. 14-15 (“In
addition, although only a single cable {1 is shown, the towing
vessel 10 may tow a plurality of cables simultaneously.”™)

See, e.g. Olivier *395 at p. 13, 1. 7-21 (“Figures 7 through 17
itlustrate another example of an external device according to the
present invention. This embodiment is a depth control device 70
which is capable of controlling the depth beneath the water
surface of the underwater cable 20. In addition, it may be used to
steer the cable 20 to control the horizontal position of the cable
20 within the water. Figure 7 is a side elevation showing the
depth control device 70 as it would appear when being towed
through the water to the feft in the figure.”).

and a master controller for issuing
positioning  commands 10 cach
ASPD for maintaining a specified
array path,

The Olivier 395 application discloses this limitation, including
in particular, a controller aboard the towing vessel.

See, e.g. Olivier *395 at p, 24, 1L 6-11 (“Data representing the
times of transmission and the times of reception of acoustic
pulses are usually transmitied by the ranging devices over a
communications link through the cable to a controller aboard the
towing vessel. The transit times of pulses between pairs of
ranging devices and therefore the distances between pairs of
locations on the cable, the towing vessel, or the seismic source,
can be determined. From this collection of distances, the shape
of the c¢abie (and of hydrophones in the cable) can be
estimated.”).

A Person Having Ordinary Skill In The Art at the time of the
invention would have found it obvious that towing seismic
streamers by a vessel involves moving the streamer array over
the water bottom along a path, and involves moving the seismic
streamer array along a path through the water.

2L The apparatus of claim 20
wherein the master controller issues
positioning commands to the towing
vessel for maintaining 4 specified
array path.

The Otivier *395 application inherently discloses this lmitation,
in particular a controller contained on the towing vessel and said
controlier sends and receives commands and communications
from the external devices. See a/so, ¢.g., FIG. |

See Claim 20 Analysis.

2662515v1
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See, e.g. Olivier 395 at p. 24, 11. 6-11.

At the time of the invention, a Person Having Ordinary Skill In
The Art would have found it obvious that “maintaining a
specified array path” is undertaken dominantly by sfeering
commands to the “towing vessel” so as to “maintainfing] a
specified array path™. It is recognized that “maintaining a
specified array path” is largely determined by the towing motion
of the towing vessel, with the effects of cross currents and ASPD
steering being smaller.

Further, a Person Having Ordinary Skill In The Art at the time of
the invention would have found obvious and common
commetcial practice to have navigation controller systems
control the steering of seismic towing vessels.

260 A
postiondng a scismic streamer array

method  for wacking  and

COmprising:

The Olivier 395 application discloses a method for tracking and
positioning a seismic array through the use of various external
devices,

for  towing  a  seismic
comprising a plarality  of seismic

slreamers:

array

The Olivier “395 application discloses this Hmitation.

See, e.g., Olivier *395 at P.1, 1. 24; to P. 2, . 2 (“In marine
seismic exploration, an underwater cable, commonly referred to
as a streamer cable, is towed through the water by a vessel such
as a surface ship.”)

See, e.g., Olivier “395 at P. 7, Il 14-15 {“In addition, although
only a single cable 1] is shown, the towing vessel 10 may tow a
plurality of cables simultaneously.”)

attaching  an active  streamer
positioning  device (ASPD)  cach

seismic streamrer for positioning the
SEISITC relative to other
scismic streamers within the array;

sireamer

The Ofivier *395 application discloses this limitation.

See, e.g. "395 Olivier at p. 4, Il 23-26 (“The external devices of
an underwater cable arrangement according io the present
invention can perform a wide variety of functions, including but
not limited to sensing the head of the cable, performing acoustic
ranging, and contrelling the depth of the position of the cable in

260251 3¢

WesternGeco Ex. 2033, pg. 163
IPR2015-00567
ION v WesternGeco




.8, Patent No, 6,691,038
Asserted Claims

Citations from Olivier ‘395 Application

the water.”).

For a plurality of cables, a Person Having Ordinary Skill In The
Art at the time of the invention would have found it obvious that
positioning of any one streamer may be relative to other
streamer(s).  See, e.g., Olivier 395 at p. 7, 1. 14-15 (“In
addition, although only a single cable 11 is shown, the towing
vessel 10 may tow a plurality of cables simultancously.™),

See, e.g. Olivier *395 at p. 13, 1l 7-21 (“Figures 7 through 17
tHlustrate another example of an external device according to the
present invention. This embodiment is a depth control device 70
which is capable of controlling the depth beneath the water
surface of the underwater cable 20. In addition, it may be used to
steer the cable 20 to control the horizontal position of the cable
20 within the water. Figure 7 is a side elevation showing the
depth control device 70 as it would appear when being towed
through the water to the feft in the figure.™).

and issuing vertical and horizontal
positioning commands  to cach
ASPD for maintaining a specified
array geometry,

The Olivier ‘395 application discloses this limitation.

See, e.g. Olivier *395 at p. 13, 1l 7-21 (“Figures 7 through 17
illustrate another example of an external device aceording to the
present invention. This embodiment is a depth control device 70
which is capable of contwolling the depth beneath the water
surface of the underwater cable 20. In addition, it may be used to
steer the cable 20 to control the horizontal position of the cable
20 within the water, Figure 7 is a side elevation showing the
depth control device 70 as it would appear when being towed
through the water to the feft in the figure.™).

The Olivier *395 reference discloses a controller contained on
the towing vessel and said controller sends and receives
commands and communications from the external devices,

See, e.g. Olivier *395 at p. 22, 1. 22; to p. 23, . 2 (“The controlier
140 can control the operation of the depth control device 70 in a
variety of manners. For example, based on the input signal from
the attitude sensor 144, which indicates the roll angle of the
inner sleeve 71 with respect to the horizontal, the Hall effect
sensors 143, and the encoder for the roll actuator 134, the
centroller 140 can control the roll actuator 130 so as to maintain

266231 3v]
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the roll angle of the wings comstant with respect to the
horizontal. In addition, based on the input signal from the depth
sensor 142, the controller 140 can control the pitch actuator 135
to maintain the depth controt device 70 at a constant depth.™).

See, also, eg. Olivier 395 at p. 21, 1. 3-18 (“The Hall effect
sensors 143 are used (o sense the position of the wings 120 with
respect to the inner sleeve 71 in roll and pitch. A first one of the
Hall effect sensors 143 generates a signal when the collar 111 is
at reference rotationai position with respect to the inner sleeve
71, while a second one of the Hall effect sensors 143 generates a
signal when the collar 111 is at reference position in the
lengthwise direction of the inner sleeve 71. The reference
position in the lengthwise direction corresponds to a
predetermined reference angle of attack of the wings 120.
Unillustrated magnetic member, such as magnetic pellets, may
be mounted on the collar 111 or the wings 120 for sensing by the
Hall effect sensors 143, By counting the number of rotations of
the roll actuator {30 since the generation of an output signal by
the first Hall effect sensor 143, the controller 140 can calculate
the current rotational angle of the collar 111 and the wings 120
with respect to the reference rotational position. Based on the
angle with respect to the horizontal determined by the output of
the attitude sensor 144, the controller 140 can determine the
current roll angle of the wings 120 about the longitudinal axis of
the cable 20 with respect to the horizontal. Similarly, by
counting the number of rotations of the pitch actuator 135 since
the generation of an output signal by the second Hall effect
sensor 143, the controller 140 can caleulate the angle of attack of
the wings 120.7).

27, The method of ¢laim 26 further

comprising: providing an
envivonmental  sensor  for  sensing
environmental factors which
influence the path of the owed
array.

The Olivier 393 application discloses this limitation.

See, e.g. Olivier "395 at P. 47, 1. 24; w0 P. 48, 1. 2 (“Optionally,
the depth control device may also include a conventional
temperature sensor 426, used for reporting the temperature to the
towing vessel or to temperature-compensate the data reported by
the other sensors, Signal conditioning circuitry 427 converts the
raw temperaturc sensor signal info a signal to be input into the
microprocessor,” ),

See Claim 26 Analvsis.
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- The method of claim 26 wherein
the  array COMPrises
plurality of streamers positioned at a
unilorm depth,

335

geametyy i

The Olivier *395 application discloses this limitation,

See Claim 26 Analvsis.

Olivier *395 application discloses that the controller has the
liry 1o maintain the depth control devices, and therefore
essarily also maintain the streamers at a uniform depth:
ez Obivier 395 at P23, 1L 142 (*“In addition, based on the
ut signal from the depth sensor 142, the controlier 140 can
trol the pitch actuator 135 to maintain the depth control
ice 70 at a constant depth™).

sons Having Ordinary Skill in The Art at the time of the
ention would have found it obvious to recognize that
loying “a plurality of streamers at a uniform depth” had been
most common indusiry practice since the 1980°s.

The method of claim 20 wherein the array geometry

priscs a plurality of streamers positioned at a plurality of
ths for varving temporal resolution of the array.

The Olivier *3935 application discloses this limitation.
See Claim 26 Analysis,

The Olivier ‘395 application discloses that the controlier has tt
ability to control the depth control devices, and therefore the
streamers, in a variety of manners, which would include varvir
depths: See, e.g. Olivier 395 at 22, 11 22.23 (“The controller
140 can control the operation of the depth control device 70 in
variety of manners™),

It was obvious to Persons Having Ordinary Skill in The Art at
the time of the invention that deploying ‘a plurality of streame
positioned at a plurality of depths’ had been selectively utilize
in industry practice since the 1980°s. In addition to other

industry practitioners, a predecessor company of WesternGece
utilized so-called “over-under” streamer acquisition selectively

266251 3w
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A method for tracking and positioning seismic streamer array
prising:

The Otlivier “395 application discloses a method for tracking ar
positioning a seismic array through the use of various external
devices,

ing o seismic areay comprising a plurality of seismic
amets;

The Olivier "395 application discloses this Hmitation.

See, ¢.g., Olivier *395 at P.1, 1L 24: 10 P. 2, L2 (“In marine
seismic exploration, an underwater cable, commonly referred t
as a streamer cable, is towed through the water by a vessel suc
as a surface ship.”)

See, e.g., Olivier ‘395 at P. 7, 11, 14-15 (“In addition, although
only a single cable 11 is shown, the towing vessel 10 may tow
plurality of cables simultaneousiy.”™)

ching an active stremier positioning device {ASPDY attached
ach seismic streamer for positioning cach seismic streamer:

The Olivier “395 application discloses this limitation.

See, e.g. Olivier *395 at p. 4, 11 2326 (“The external devices ¢
an underwater cable arrangement according to the present
invention can perform a wide variety of functions, including b
not limited to sensing the head of the cable, performing acoust
ranging, and controlling the depth of the position of the cable i
the water.”).

See, e.g. Olivier *395 at p. 13, 1. 7-21 (“Figures 7 through 17
Hlustrate another example of an external device according to tf
present invention. This embodiment is a depth control device ;
which is capable of controlling the depth beneath the water
surface of the underwater cable 20. In addition, it may be used
steer the cable 20 to control the horizontal position of the cabl
20 within the water. Figure 7 is a side elevation showing the
depth control device 70 as it would appear when being towed
through the water o the left in the figure.”™).

issumg vertical and horizontal positioning commands 1o
N ASPD for maintaining a specified array path.

The Olivier *395 application discloses this Hmitation.

See, e.g. Olivier *395 at p. 13, 11 7-21 (“Figures 7 through 17
ilustrate another example of an external device according to th
present invention. This embodiment is a depth control device 5
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which is capable of controlling the depth beneath the water
surface of the underwater cable 20. In addition, it may be used
steer the cable 20 to control the horizontal position of the cabl
20 within the water. Figure 7 is a side elevation showing the
depth control device 70 as it would appear when being towed
through the water to the fefl in the figure.™).

See, e.g. Olivier *395 at p. 22,1, 22; to p. 23, 1. 2 {*“The control
140 can control the operation of the depth control device 70 in
variety of manners. For example, based on the input signal fron
the attitude sensor 144, which indicates the roll angle of the
mner sleeve 71 with respect to the horizontal, the Hall effect
sensors 143, and the encoder for the roll actuator 130, the
controtler 140 can control the roll actuator 130 so as to mainta
the roll angle of the wings constant with respect to the
horizontal. In addition, based on the input signal from the dept
sensor 142 the controller 140 can control the pitch actuator 13
1o maintain the depth control device 70 at a constant depth.”).

See, also, e.g. Olivier 395 at p. 21, 1. 3-18 (“The Hall effect
sensors 143 are used to sense the position of the wings 120 wit
respect to the inner sleeve 71 in roll and pitch. A first one of th
Hall effect sensors 143 generates a signal when the collar 171
at reference rotational position with respect to the inner sleeve
71, while a second one of the Hall effect sensors 143 generates
signal when the collar 111 is at reference position in the
lengthwise direction of the inner sleeve 71. The reference
position in the lengthwise direction corresponds to a
predetermined reference angle of attack of the wings 120.
Unitlustrated magnetic member, such as magnetic pellets, may
be mounted on the collar 111 or the wings 120 for sensing by t
Hall effect sensors 143. By counting the number of rotations o
the roll actuator 130 since the generation of an output signal by
the first Hall effect sensor 143, the controtier 140 can calculate
the current rotational angie of the collar 111 and the wings [2(
with respect to the reference rotational position. Based on the
angle with respect to the horizontal determined by the output ¢
the attitude sensor 144, the controller 140 can determine the
current roll angle of the wings 120 about the longitudinal axis
the cable 20 with respect to the horizontal. Similarly, by
counting the number of rotations of the pitch actuator 135 since
the generation of an output signal by the second Hall effect
sensor 143, the controlier 140 can calculate the angle of attack
the wings 120.7).
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U.S. Patent No. 6,691,038 (the ““038 patent”™) Is Obvicus In View of
International Patent Application WO 2000/20895 (“Hillesund ‘895 Application”) and
U.S. Patent 5,200,930 (“Rouquette ‘930")

U.S. Patent No. 6,691,038
Asserted Claims

Citations from Hillesund ‘895 Application and

Rouquette ‘930

Io A seismic streamer array fracking
and positioning system comprising:

The Hillesund WO 00/20895 International Application discloses
this fimitation.

See, e.g., Hillesund ‘895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined
for this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables,

See, e.g.. Hillesund 895 at p. 4, Paragraph titled “Summary of
the Invention”,

a towing vessel for towing a seismic
array;

The Hillesund 895 application and Rouquette patent disclose
this Hmitation.

See, e.g., Hillesund ‘895, Fig. 1. See also Hillesund *895 at p. 5,
Paragraph . ("In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...").

See, eg. Rouguette “930 at Col. 1, 1. 13-14 {(*“In a marine
seismic survey, a surveying vessel tows one or more seismic
cables or streamers™)

an array comprising a plurality of
selsmic streamers;

‘The Hillesund *895 application discloses this limitation.

See, e.g., Hillesund ‘895, Fig. 1. See also Hillesund *895 at p. 5,
Paragraph |. (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7).
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an active streamer positionimg device
{ASPEN atached teast one
seismic streamer for positioning the
sesmic streamer other
scismic streamers within the array:

o at

relative to

The Hillesund 895 application discloses this limitation.

See, e.g., Hillesund “895 at p. 6, Paragraph 1 (“Preferably the
birds 18 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depthy and horizontal directions.™)

See, e.g., Hillesund ‘895 at p. 18, Paragraph 3to p. 19, Paragraph
2 particularly in regard to ‘relative’ positioning of streamers
(“The inventive control system will primarily operate in two
different control modes: a feather angle control mode and a turn
control mode. In the feather angle control mode, the global
control system 22 attempts to keep cach streamer in a straight
line offset from the towing direction by a certain feather angle ...

The turn control mode is used when ending one pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change™. The turn control mode consists of
two phases. In the first part of the turn, every bird 18 tries to
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control
mode. By doing this, a tighter turn can be achieved and the turn
time of the vessel and equipment can be substantially reduced.
Typically during the turn mode adjacent streamers will be depth
separated to avoid possible entanglement during the turn and will
be returned to a common depth as soon as possible after the
completion of the turn ...

In extreme weather conditions, the inventive control system may
also operate in a streamer separation control mode that attempts
to minimize the risk of entanglement of the swreamers. In this
control mode, the global control system 22 atiempts to maximize
the distance between adjacent streamers. The streamers 12 will
typically be separated in depth and the outermost streamers will
be positioned as far away from each other as possible. The inner
streamers will then be regularly spaced between these outermost
streamers, i.e. each bird 18 will receive desired horizontal forces

a2
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42 or desired horizontai position information that will direct the
bird 18 1o the midpoint position between its  adjacent
streamers.” ).

The 930 patent discloses this limitation.

See, e.g., “930, Fig. 1.

See, e.g., 930 patent, Col. 2, 11 49-52 (“FIG. | is side view of a
seismic surveying vessel towing a streamer outfitted with
sensing and streamer control devices in communication with a
controfler aboard the vessel in accordance with the invention™)

See. e.g., *930 patent Col. 4, Il 6-13 (“Distributed along the
length of the streamer 22 are in-streamer sensors 24A-D, such as
compasses and depth sensors, and outboard devices, such as
cable-leveling birds 26A-B and acoustic ranging transceivers
28A-B. For brevity, all such devices are hereinafter referred to
generally as sensors. The outboard sensors are connected to the
streamer 22 by means of collars 27 clamped around the
streamer,”™)

The “038 patent discloses that this limitation was well known to
one skilled in the art prior to and at the time of the invention.

See, e.g., ‘038 patent, Col. 1, 1. 25-56 (discussing the known
prior art including attaching control apparatuses to seismic
streamers to position streamers).

and @ muaster controller for issuing
positioning  commands o each
ASPD to adjust a vertdeal and
hortzontal position of a first streamer
refative o a second sireamer within
the array for maintaining a specified
ATAY FeOMmetry.

The Hillesund *895 application discloses this limitation.
See, e.g., Hillesund *895 at p. 6, Paragraph 2 (“In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global control system 22
located on or near the seismic survey vessel 10 and a local
control system located within or near the birds 18. The global
control system 22 is typically connected to the seismic survey
vessel’s navigation system and obtaing estimates of system wide
parameters, such as the vessel’s towing direction and velocity
and current direction and velocity, from the vessel’s navigation
system.”).
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See, eg., Hillesund 895 at p. [0, Paragraph 3 (“During
operation of the streamer positioning control system, the global
control system 22 preferably transmits, at regular intervals (such
as every five seconds) a desired horizontal force 42 and a desired
vertical foree 44 to the local control system 36.7).

See, e.g.. Hillesund ‘895 at p. 18, Paragraph 2 (“The inventive
control system is based on shared responsibilities between the
global conirol system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18, The global
control system 22 is tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the local contro! system 36. The local control
system 36 within each bird 18 is responsible for adjusting the
wing splay angle to rotate the bird to the proper position and for
adjusting the wing common angle to produce the magnitude of
total desired foree required.”).

See, e.g., Hillesund "895 at p. 18, Paragraph 310 p. 19, Paragraph
2 particularly in regard to ‘specified array geometry’ (*The
inventive control system will primarily operate in two different
control modes: a feather angle control mode and a turn control
mode. In the feather angle control mode, the global control
system 22 attempts to keep each streamer in a straight line offset
from the towing direction by a certain feather angle ...

The turn control mode is used when ending one pass and
beginning another pass during a 31 seismic survey, sometimes
referred to as a “line change”. The turn control mode consists of
two phases. In the first part of the turn, every bird I8 tries to
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control
mode. By doing this, a tighter turn can be achieved and the turn
time of the vessel and equipment can be substantially reduced.
Typically during the turn mode adjacent streamers will be depth
separated to avoid possible entanglement during the turn and will
be retumned to a common depth as soon as possible after the
compiletion of the turn ...

In extreme weather conditions, the inventive control system may

WesternGeco Ex. 2033, pg. 173
IPR2015-00567
ION v WesternGeco




U.S. Patent No. 6,691,038
Asserted Claims

Citations from Hillesund ‘898 Application and

Rouquette *930

also operate in a streamer separation control mode that attempts
to minimize the risk of entanglement of the streamers. In this
control mode, the global contrel system 22 attempts to maximize
the distance between adjacent streamers. The streamers 12 will
typically be separated in depth and the outermost streamers will
be positioned as far away from each other as possible. The inner
streamers will then be regularly spaced between these outermost
streamers, Lo, ¢ach bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird I8 1o the midpeint position between its  adjacent
streamers,”™).

The Rouguette "930 patent discloses this limitation.
See, ¢.g., ‘930 pateny, Figs. | & 2.

See, ey, Rouquette 930, Col. 3, 1L 23-31 {“These and other
objects are achieved by the present invention, which provides a
multi-channel, two-wire communication system for sending
commands and data requests to and receiving data [firom many
positioning sensors and cable-leveling devices distributed along
a seismic streamer. The apparatus of the invention includes a
central controlier comprising an intelligent modem that can scan
the many streamer devices for cable-positioning data each
seismic shot interval.”).

See, e.g., Rouquette ‘934, Col. 4, 11 6-11 (“Distributed along the
length of the streamer 22 are ... outhoard devices, such as cable
leveling birds 26A-B ... For brevity, all such devices are
hereinafter referred to generally as sensors™);

Col. 4, H. 1618 (“The sensors 24. 26, and 28 are all in
communication with a central controlier 38 on board the vessel
20,

Col. 4, 11 34-36 {(“Communication between the sensors and the
on-board controller is effected over one or more two-wire lines
running through the streamer ...}

Col. 4, 1L 39-41 (“An cutboard bird 44, clamped to the streamer
4} by a collar (not shown), communicates with the on-board
controlier ...}
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Col. 4, 1. 45-47 (“Control signals are received by the bird
clectronics 30 to control the wings of the bird and, thereby, the
depth of the streamer.”™).

2. The apperatus of clam 1 further

comprising: an environmental sensor
sensing  environmental  factors
which  influence the path of the
towed array.

for

‘The Hillesund *895 application discloses this limitation.
See Claim | Analysis.

See, e.g., Hillesund ‘895 at p. 6, Paragraph 3 ("Localized current
fluctuations can dramatically influence the magnitude of the side
control reguired (o property position the streamers.

Sve, eg. Hillesund 895 at p. 8, Paragraph 1 (“The global
control systemn 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading  (degrees), current speed (m/s), current heading
{degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate svstem. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18, The global control system
22 will preferably send the following values to the local bird
controller: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.™).

See, e.g., Hillesund 8935 at p. 8, Paragraph 3 (“The “water-
referenced”™ towing velocity and crosscurrent velocity could
alternatively be determined using flowmeters or other types of
waler velocity sensors attached directly to the birds 18, Although
these types of sensors are typically quite expensive, one
advantage of this type of velocity determination system is that
the sensed in-line and cross-line velocities will be inherently
compensated for the speed and heading of marine currents acting
on said streamer positioning device and for relative movements
between the vessel 10 and the bied 18.7).

The Rouquette *930 patent discloses this limitation.

See. eg., Rouquette ‘930, Col. 4, L 25.28 (“Outfitted with
heading sensors and depths sensors, a bird 26 can also
communicate heading and depth data to the on-board controller
38 for use in predicting the shape of the streamer 22.7).
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See, e.g., Rouquette *930, Col. 4, 1, 47-51 (“The bird electronics
also measure various operating parameters, such as depth,
heading, wing angle, temperature, and batlery status, and send
such data to the controller upon request.”).

3. The apparatus of claim 1 further
COMPriging:

The Hillesund *893 application discloses this limitation.

a tracking system Tor wracking the
positions  versus  time
durig a seismic data acguisition ran
and storing the positions versus time
m a legacy database for repeating the
postions versus tme in a subsequent
data acquikition;

streamer

The Hillesund *895 application discloses this limitation.

See. e.g., Hillesund "895 at p. 7, Paragraph 2 (“The global
control system 22 preferably maintains a dyramic model of each
of the scismic streamers 12 and utilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 to move them {rom their actual positions to
their desired positions.”™),

See, e.g.. Hillesund ‘893 at p. 7, Paragraph | (“In the preferred
embodiment of the present invention, the global control system
22 monitors the actual positions of each of the birds 18 and is
programmed with the desired positions of or the desired
minimum separations between the seismic streamers 12.7).

See, e.g., Hillesund *895 at p. 8, Paragraph | (“The global
controf system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed {(m/s), vessel
heading (degrees), current speed (m/s), current heading
{degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system.”)

Persons Having Ordinary Skill In The Art at the tme of
mvention would have recognized that tracking streamer positions
and storing the positions in a legacy database, including the
times during acquisition, was obvious and had been in
widespread industry standard practice since the late 19807s.
Industry standards (such as the so-called UKOOA navigation
database standards) have existed and been used since the early
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1990°s. It is alse abvious to a Person Having Ordinary Skill In
The Art that streamer positions in such a database can be
repeatedly utilized.

geometry  tracking
for  wacking  the  aray
geometry  versus  time  during  a
seismic data acguisition and
stoving the array  geomelry  versus
time  mooa database  for
repeating the array geomelry versus
thate 1n a subseguent data acguisition
.

and  an
Ly stem

arragy

#3311

legacy

The Hillesund “895 application discloses this limitation.

See, eg., Hillesund 895 at p. 18, Paragraph 3 to p. 19,
Paragraph 2 (“The inventive control system will primarily
operate in two different control modes: a feather angle control
mode and a turn control mode. In the feather angle control mode,
the global control system 22 attempts to keep each streamer in a
straight line offset from the towing direction by a certain feather
angle. The feather could be input either manually, through use of
a current meter, or through use of an estimated value based on
the average horizontal bird forces. Only when the crosscurrent
veloceity is very small will the feather angle be set to zero and the
desired streamer positions be in precise alignment with the
towing direction.

The twrn control mode is used when ending one pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change”. The turn control mode consists of
two phases. In the first part of the turn, every bird 18 fries (o
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 18 are
divected to go to the position defined by the feather angle control
maode. By doing this, a tighter turn can be achieved and the tuen
time of the vessel and equipment can be substantially reduced.
Typically during the turn mode adjacent streamers will be depth
separated to avoid possible entanglement during the turn and wiil
be returned to a common depth as soon as possible after the
completion of the turn, The vessel navigation system will
typically notify the global conirol system 22 when to start
throwing the streamers 12 out, and when to start straightening
the streamers.

In extreme weather conditions, the inventive control system may
also operate in a streamer separation control mode that attempts
to minimize the risk of entanglement of the streamers. In this
control mode, the global control system 22 attempts to maximize
the distance between adjacent streamers. The streamers 12 will
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typically be separated in depth and the outermost streamers will
be positioned as far away from cach other as possible. The inner
streamers will then be regularly spaced between these outermost
streamers, i.e. each bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 18 to the midpoint position between its  adiacent
streamers.” ).

Persons Having Ordinary Skill In The Art at the time of
invention would have recognized that tracking the array
geometry and storing the array geometry in a legacy database,
including the times during acquisition, was obvious and had
been in widespread industry standard practice since the late
1980%s.  Industry standards (such as the so-called UKOOA
navigation database standards) have existed and been used since
the early 19907s. 1t is also obvious to a Person Having Ordinary
Skill In The Art that the array geometry in such a database can
be repeatedly utilized.

4. The apparatus of claim 3 wherein
the master controtler compares the
positions  of the streamers  versus
time and the array geometry versus
thne to a destred streamer position
and array geomelry versus time and
issues positioning commands to the
ASPDs o mamtain the  desired
streamer position and array geometry
Versus time.

The Hillesund “895 application discloses this limitation.
See Claim 3 Analysis,

See, e.g, Hillesund ‘895 at p. 7, Paragraph 2 {“The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and utilizes the destred and actual
positions of the birds 18 to regularly caleulate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desired positions.”).

See, e.g., Hillesund ‘895 at p. 18, Paragraph 2 (“The inventive
control system is based on shared responsibilities between the
globai control system 22 located on the seismic survey vessel 10
and the local control system 36 located on the bird 18, The
global control system 22 is tasked with monitoring the positions
of the streamers 12 and providing desired forces or desired
position information to the local control system 36. The Tocal
controi system 36 within each bird 18 is responsible for
adjusting the wing splay angle to rotate the bird to the proper
position and for adjusting the wing common angle to produce the
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magnitude of totai desired force required.”™).

5. The apparatus of claimy 4 whorein

the master  controller  factors  in
environrental  factors injo the
positioning commmands {6y
compensate for environmental

miluences on the positioning of the
strenmers and the array geometry.,

The Hitlesund “8935 application discloses this limitation.
See Claims 4 and 2 Analyses,

See, eg. Hillesund ‘895 at p. 8, Paragraph 1 (“The global
control system 22 will tvpically acquire the following parameters
from the vessel’s navigation system: vessel speed {m/s), vessel
heading (degrees), current speed (nv/s), current heading
{degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18, The global control system
22 will preferably send the following values to the local bird
controler: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity,”)

See, e.g., Hillesund ‘895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to  property position the streamers. To
compensate for these localized current fluctuations, the inventive
control  system  utilizes a distributed  processing  control
architecture and behavior-predictive model-based control logic
to properly control the streamer positioning devices,™),

G, The apparatus of cloim 4 wherein
the master controller compensates
for maneuverability in the
pasiiening commands o
compensate for  maneuverability
influences on the positioning of the
streamers and the array geometry.

The Hillesund *895 application discloses this limitation,
See Claim 4 Analysis.

See, e.g, Hillesund ‘895 at p. 7, Paragraph 3 (“The global
contrel system: 22 preferably calculates the desired vertical and
horizontal forces based on the behavior of each streamer and
also takes into account the behavior of the complete streamer
array.” L.

At the time of the invention it was obvious to a Person Having
Ordinary Skill In The Art at the time of the invention that to
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“compensate  for maneuverability influences”™ it would be
necessary o take into account various maneuverability factors,
including, but not necessarily limited to, cable diameter, array
type, deploved configuration, vessel type, device type, etc. which
are part of the basis for the behavior of the streamers,

See, e.g.. Hillesund 895 at p. &, Paragraph 3 (*The force and
velocity values are delivered by the global control system 22 as
separate  values for ecach bird 18 on each streamer 12
continuously during operation of the control system.™),

7. The apparatus of claim |

comprising: a monitor for
determining  the  status of  cach
streamer,  wherein the
controfler adjusts the array geometry
to compensate tor a faiied streamer,

further

masier

See Claim 1 Analysis.

Person Having Ordinary Skill In The Art will recognize that it
was obvious common practice at the time of the invention to
monitor the status of each streamer. They will also recognize
that it was obvious common practice to compensate for failed
streamers to the maximum extent that towing capabilities of a
given vessel allowed.

H). The apparates of ¢laim | wherein
the array comprises 2
plurality of streamers positioned at a
untform depth.

geometry

The Hillesund ‘895 application discloses this limitation.

See, e.g, Hillesund "893 at p. 6, Paragraph | (“Preferably the
birds 18 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the il
buoy 20 in both the vertical (depth) and horizontal directions.”™)

Persons Having Ordinary Skill in The Art will recognize that
deploying ‘a plurality of streamers at a uniform depth’ has been
the most obvious and common industry practice since the
1980°s.

See Claim | Analysis, generalfy.
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P The apparatus of claim | wherein

the array  weometry  comprises a
plurality of streamers positioned ar a
piurality  of depths  for  varving

i
temporal resolution of the array.

The Hillesund ‘895 application discloses this fimitation.

See, c.g., Hillesund ‘895 at p. 6, Paragraph 1 (“Preferably the
birds 18 are both vertically and horizontally steerable, These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerabie birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
bucy 20 in both the vertical (depth) and horizontal directions.™)

See, e.g., Hillesund ‘895 at p. 19, Paragraph 2 (“In exireme
weather conditions, the inventive control system may also
operate in a streamer separation control mode that attempts to
mimimize the risk of entanglement of the streamers. In thig
control mode, the global control system 22 attempts to maximize
the distance between adjacent streamers. The streamers 12 will
typicalty be separated in depth and the outermost streamers will
be positioned as far away from each other as possihle™)

Persons Having Ordinary Skill in The Art will recognize that
deploying “a plurality of sireamers positioned at a plurality of
depths’ has been obvious and has been selectively utilized in
industry practice since the 1980%s. In addition to other industry
practitioners, a predecessor company of WesternGeco utilized
so-called “over-under” streamer acguisition selectively since
before the priority date for the ‘038 patent.

See Claim o Analvsis, generaliy.

F3 The apparatus of claim 4 whereln
the array geometry I8 tracked via
sateHite and communicated o the
master controller,

The Hillesund 895 application discloses this limitation.
See Claim 4 Analysis.

See, e.g., Hillesund ‘895 at p. 6, Paragraph 2 (“The global
control svstem 22 is typically connected to the seismic survey
vessel’s pavigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity
and current direction and velocity, from the vessel’s navigation
system.™).
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See, e.g., Hillesund *895 at p. 7, Paragraph 1 (“Alternatively, or
additionally, sateflite-based global positioning system equipment
can be used to determine the positions of the equipment.™.

40 A selsnic streamer arvay
tracking  and  posilioning  system
comprising:

The Hillesund *893 application discloses this limitation,

See, e.g. Hillesund *895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers, Actual positions are determined
for this array, and positions are controlied by seismic streamer
positioning devices attached to the streamer cables,

See, e.g., Hillesund ‘893 at p. 4, Paragraph titled “Summary of
the Invention™.

a towing vessel for fowing a seismic
Array:

The Hillesund “893 application discloses this limitation.

See, e.g., Hillesund *895, Fig. 1. See alvo Hillesund ‘8935 at p. 5,
Yaragraph 1 ("In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7).

a seismic streamer array comprising
a plurality of selsmic streamers; an
active streamer postlioning device
{ASPD)Y attached 10 ecach seismie
streamer for positioning each seismic
sireamer;

The Hillesund *895 application discloses this limitation.

See, ¢.g., Hillesund 895, Fig. [. See also Hillesund *895 at p. 3,
Paragraph 1 (“In Figure 1, a seismic survey vessel 10 is shown
towing cight marine seismic streamers ...7)

See, e.g.. Hillesund ‘895 at p. 6, Paragraph | (“Preferably the
birds 18 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions,™)

a master controller  for issuing
vertical and  horizontal  positioning

commands w0 each  ASPD for

The Hillesund “895 application discloses this limitation.

,_.
Tad
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maintaining o specilied  array
seomelry;

See, e.g., Hillesund *895 at p. 6, Paragraph 2 (“In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global control system 22
located on or near the seismic survey vessel 10 and a local
contrel system located within or near the birds 18, The global
control system 22 is typically connecied to the seismic survey
vessel’s navigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity
and current direction and velocity, from the vessel’s navigation
system.” ).

See, eg. Hillesund ‘895 at p. 10, Paragraph 3 (“During
operation of the streamer positioning control system, the global
control system 22 preferably transmits, at vregular intervals {such
as every five seconds) a desired horizontal force 42 and a desired
vertical foree 44 to the focal control system 36.7).

See, e.g., Hillesund “895 at p. 18, Paragraph 2 ("The inventive
contro} system is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 8. The global
control system 22 is tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the local control system 36. ...").

See, e.p., Hillesund ‘895 at p. 18, Paragraph 3. to p. 19,
Paragraph 2; particularly in regard to the limitation of “specified
array geometry” (“The inventive control system will primarily
operate in two different control modes: a feather angle control
mode and a turn control mode. In the feather angle control mode,
the global control system 22 attempts to keep each streamer in a
straight line offset from the towing direction by a certain feather
angle ...

The turn control mode is used when ending one pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change™. ... Tvpically during the turn mode
adjacent sueamers will be depth separated to avoid possible
entanglement during the turn and will be returned to a common
depth as soon as possible after the completion of the twrn ...

In extreme weather conditions, the inventive control system may
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also operate in a streamer separation control mode that attempts
to minimize the risk of entanglement of the streamers. In this
control mode, the global control system 22 attempts to maximize
the distance between adjacent streamers. The streamers 12 will
typically be separated in depth and the outermost streamers will
be positioned as far away from each other as possible. ...")

an envivonmental sensor for sensing
factors which
towed path of the

cnvironmental
the
towed array;

niluence

The Hillesund ‘895 application discloses this fimitation.

See, ey, Hillesund 895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers,

See, e.g., Hillesund ‘895 at p. 8, Paragraph | (“The global
control system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed {(m/s), vessel
heading (degrees), cumrent speed (m/s), current heading
{degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system. ...}

See, e.g., Hillesund “893 at p. 8, Paragraph 3 (“The “water-
referenced” towing velocity and crosscurrent velocity could
alternatively be determined using flowmeters or other types of
water velocity sensors attached dirvectly Lo the hirds 18, Although
these types of sensors are typically quite expensive, one
advantage of this type of velocity determination system is that
the sensed in-line and cross-line velocities will be inherently
compensated lor the speed and heading of marine currents acting
on said streamer positiening device and for relative movements
between the vessel 10 and the bird [8.7)

a4 tracking system for racking the

steeamer horizontal  and  vertical
positions  versus  fime  during  a

seismic data aequisition rup;

The Hillesund “895 application discloses this Hmitation,

See. e.g., Hillesund *895 at p. 7, Paragraph 2 (“The global
control system 22 preferably maintains a dvnamic model of each
of the seismic streamers 12 and wvtilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and horizontal forces the birds should impart on the

WesternGeco Ex. 2033, pg. 184
IPR2015-00567
ION v WesternGeco




U.S. Patent No. 6,691,038
Asserted Clhaims

Citations from Hillesund ‘895 Application and

Rouguetie ‘930

seismic streamers 12 to move them from their actual positions to
their desired positions.”).

See, e.g., Hillesund “895 at p. 7, Paragraph 1 (“In the preferred
embodiment of the present invention, the global control system
22 monitors the actual positions of each of the birds ...").

See, e.g, Hillesund 895 at p. 8, Paragraph 1 {*The global
control svstem 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading (degrees), current speed (m/s), current heading
{degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system.”)

an array geometry tracking svstem
for tracking  the geomelry
versus time during a seismic data
gequisiion run, wherein the master
controtfer compares the vertical and
huorizontal positons of the streamers
versas thne and the array geometry
yersus  Hme  to
positions and array geometry versus
time  and S
commands to the ASPDs to maintain
the desived  streamer positions and
ATTay geOmmelry versus thime.

array

desired  streamer

posHioning

The Hillesund *895 application discloses this Hmitation,

See, eg., Hillesund *893 at p. 7, Paragraph 2 (“The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and utilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions o
their desired positions.™).

See, eg., Hillesund ‘895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2 particularly in regard to the limitation of ...
maintain the desired streamer positions and array geometry
versus time” {“The inventive control system will primarily
operate in two different control modes: a feather angle control
mode and a turn control mode. In the feather angle control mode,
the global control system 22 attempts to keep each sireamer in a
straight line offset from the towing direction by a certain feather
angle .... The turn control mode is used when ending one pass
and beginning another pass during a 3D seismic survey,
sometimes referred to as a “line change”™. The turn control mode
consists of two phases. In the first part of the turn, every bird 18
tries to “throw out” the strcamer 12 by generating a force in the
opposite direction of the turn. In the last part of the turn, the
birds 18 are directed to go to the position defined by the feather
angle control mode. In extreme weather conditions, the
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inventive control system may also operate in a streamer
separation control mode that attempts to minimize the risk of
entanglement of the streamers. In this control mode, the global
control system 22 attempts to maximize the distance between
adjacent streamers .. ")

13, The apparatus of claim 14
wherein the master controtler factors
in environmental measurements inio
the  positioning  commands 1o
COMpensate for crivironmoenial
influcnces on the positions of the
stresmers and the arvay geomery,

The Hillesund "895 application discloses this limitation.

See. e.g., Hillesund *895 at p. 8, Paragraph 1 (“The global
contro} system 22 will tvpically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading (degrees). current speed (m/s), current  heading
{degrees), and the location of each of the hirds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18, The global control svstem
22 will preferably send the following values to the local bird
controlier: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.™).

See. e.g., Hillesund 895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control  required  to  property  position the streamers. To
compensate for these localized current fluctuations, the inventive
control  system utilizes a distributed processing control
architecture and behavior-predictive model-based control logic
to properly controt the streamer positioning devices.™).

See also Claim 14 Analysis.

claim 14
controlier

16, The apparatus of
wherein the master
compensates for mancuverability in
the  positioning  commands
compensate  Tor  mancuverability
influences on the positioning of the
streamers and the array geometry,

The Hilesund “895 application discloses this limitation,

See, eg., Hillesund *895 at p. 7, Paragraph 3 (“The global
control system 22 preferably calculates the desired vertical and
horizontal forces based on the behavior of each streamer and
also takes into account the behavior of the complete streamer
array.”).

Af the time of the Inveation it was obvious to a Person Having
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Ordinary Skill In The Art at the time of the invention that to
“compensate  for maneuverability influences” it would be
pecessary to take into account various mancuverability factors,
including, but not necessarily limited to, cable diameter, array
type, deployed configuration, vessel type, device type, etc. which
are part of the basis for the behavior of the streamers.

See, e.g., Hillesund 895 at p. 8, Paragraph 3 (“The force and
velocity values are delivered by the global control system 22 as
separate  vahlues for each bird 18 on each streamer 12
continuously during operation of the control system.™).

17, The apparatus of claim 14 further

comprising: & ronitor for
determining  the  statss of  each
streamer,  wherein the  master

controtler adjusts the array geometry
to compensate for a faded streamer.

A Person Having Ordinary 8kill In The Art will recognize that it
was obvious common practice at the time of the invention to
monitor the status of each streamer. They will also recognize
that it was obvious common practice to compensate for failed
streamers to the maximum extent that towing capabilitics of a
given vessel allowed.

200 A seismic streamsr array
tracking  and  posidoning  system

comprising:

The Hillesund 895 application discloses this Hmitation,

See. e.g., Hitlesund ‘895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers.  Actual positions are determined
for this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables,

See, e.g., Hillesund *895 at p. 4, Paragraph titled “Summary of
the Invention™

a towing vessel for towing a selsmic
areay;

The Hillesund “895 application discloses this limitation.

See, e.g., Hillesund 895, Fig. 1. See also Hillesund *8935 at p. 3,
Paragraph 1 ("In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...").
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HOSCISIMIC Streamer array comprising
a plurality ol seismic streamers;

The Hillesund *895 application discloses this limitation,

See, e.g., Hillesund *895, Fig. 1. See also Hillesund ‘895 at p. 3,
Paragraph | ("In Figure !, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7").

an active streamer posttioning device
{ASPIDNY anached 1o each seismic
streamer vertically and
Lorizontally postitioning cach scismic
streamer refative to the array:

for

The Hillesund "895 application discloses this limitation.

See. e.g., Hillesund ‘895 at p. 6, Paragraph | (“Preferably the
birds 18 are both vertically and horizontally steerable, These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters, The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical {(depth) and horizontal directions.™)

See, eg., Hillesund ‘895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2 particularly in regard to the Hmitation of
“positioning cach seismic streamer relative to the array™. (“The
inventive control system will primarily operate in two different
control modes: a feather angle control mode and a turn centrol
mode. In the feather angle control mode, the global control
system 22 attempts to keep each streamer in a straight line offset
from the towing direction by a certain feather angle ... The tumn
control mode is used when ending one pass and beginning
another pass during a 3D seismic survey, sometimes referred to
as a “line change.” The turn control mode consisis of two phases.
In the first part of the turn, every bird 18 tries to “throw out” the
streamer 12 by generating a force in the opposite direction of the
turn, In the Jast part of the turn, the birds 18 are directed to go to
the position defined by the feather angle control mode. ... In
extreme weather conditions, the inventive control system may
also operate in a streamer separation control mode that attempts
to minimize the risk of entanglement of the streamers. In this
control mode, the global control system 22 attempis to maximize
the distance between adjacent streamers, The streamers 12 will
typically be separated in depth .7,

‘The *038 patent discloses that this fimitation was well known to
one skilled in the art prior to and at the time of the invention.
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See, e.gr., "038 patent, Col. 1, Hh 25-56 (discussing the known
prior art including attaching control apparatuses to seismic
streamers to position streamers).

and a master controtfler for issuing
positioning  commands  to cach
ASPDY for maintining a specified
array path.

The Hillesund *895 application discloses this limitation.

See, e.g., Hillesund 895 at p. 6, Paragraph 2 ("In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global control svstem 22
located on or near the seismic survey vessel [0 and a local
control system located within or near the birds ...y

Se¢, eg., Hillesund ‘895 at p. 10, Paragraph 3 ("During
operation of the streamer positioning control system, the global
control system 22 preferably transmits, at regular intervals (such
as every five seconds) a desired horizontal force 42 and a desired
vertical force 44 1o the local controf system 36,77,

See, e.g., Hillesund 895 at p. 18, Paragraph 2 ("The inventive
control system is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel 10
and the local control svstem 36 on the bird 18. The global
control system 22 is tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the locat control system 36. The local control
system 36 within each bird 18 is responsible for adjusting the
wing spiay angle to rotate the bird to the proper position and for
adjusting the wing common angle to produce the magnitude of
total desired force required.”).

See, eg. Hillesund ‘895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2; particularly in regard to the limitation ot “specified
array path™ (“"The inventive control system will primarily operate
in two different control modes: a feather angle control mode and
a turn control mode. In the feather angle control mode, the global
control system 22 attempts to keep each streamer in a straight
line offset from the towing direction by a certain feather angle ...

The tura controt mode s used when ending one pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change”. The turn control mode consists of
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two phases. In the first part of the turn, every bird 18 tries to
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 18 are
directed 1o go to the position defined by the feather angle control
mode. ... In extreme weather conditions, the inventive control
system may also operate in a streamer separation control mode
that attempts to minimize the risk of entangiement of the
streamers. In this control mode, the global control system 22
attempts to maximize the distance between adjacent streamers.
The streamers 12 will typically be separated in depth and the
outermost streamers will be positioned as far away from cach
other as possible. The inner streamers will then be regularly
spaced between these outermost strcamers, i.e. cach bird 18 will
receive desired horizontal forces 42 or desired horizontal
position information that will direct the bird 18 to the midpoint
position between its adjacent streamers.”),

A Person Having Ordinary Skill In The Art will recognize that
towing seismic streamers by a vessel involves moving the
streamer array over the water bottom along a path, and involves
moving the seismic streamer arrav along a path through the
water.

Further, see also Hillesund “895, p. 7, Paragraph 2 (*"The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and uvtilizes the desired and actual
positions of the birds 18 to regularly caleulate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desired positions. ...

21 The apparatus of claim 20
wherein the master controler issues
positioning commands fo the towing
vessel for maintaining a specified
array path.

The Hillesund 895 application discloses this limitation.
See Claim 20 Analysis.

See, e.g, Hillesund 893 at p. 6, Paragraph 2 (“The global
control system 22 is typically connected to the seismic survey
vessel’s navigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity
and current direction and velocity, from the vessel’s navigation

R
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system.”)

A Person Having Ordinary Skill in The Art will recognize that
“maintaining a specified array path” is undertaken dominantly
by steering commands to the “towing vessel” so as to
“maintainfing] a specified array path.” It is recognized that
“maintaining a specified array path” is largely determined by the
towing motion of the towing vessel, with the effects of cross
currents and ASPD steering being smaller.

Further, a Person Having Ovdinary Skill In The Art will
recognize that it has been common commercial practice o have
navigation coatroller systems control the steering of seismic
towing vessels since before the priority date of *038 patent.

22 The apparatus of claim 20 further
comprising:

The Hillesund ‘893 application discloses this limitation.

See Claim 20 Analysis,

a processor  for caleulating an
optimal path for the seismic array for
optimal coverage during seismic data
acquisition over a seismic Neld;

The Hillesund *893 application discloses this limitation.
See, e.g., Hillesund “895, Fig 4.

See, e.g., Hillesund ‘895 at p. 6, Paragraph 3 (“To compensate
for these localized current fluctuations, the inventive control
system utilizes a distributed processing control architecture and
behavior-predictive  model-based control logic to  properly
control the streamer positioning deviges.”™).

A Person Having Ordinary Skill In The Art will recognize that
calculating an “optimal path for the seismic array for optimal
coverage” has been obvious common commercial practice since
before the priority date of the *038 patent. Commercial software
tor this calculation was available.

o]
o]
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a streamer  behavior  prediction | The Hillesund ‘895 application discloses this limitation.

provessor which  predicrs ammay

behavior: See, e.g., Hillesund *895 at p. 6, Paragraph 3 (“To compensate
for these localized current fluctuations, the inventive control
system utilizes a distributed processing control architecture and
behavior-predictive  model-based control logic to  properly
control the streamer positioning devices.”).

and wherein the master controller | The Hillesund 895 application discloses this limitation.

compensates for predicted streamer
behavior in vertical  and
horizontal posiioning commands 1o
the towing vessel and the ASPDs for

Pssiing

See, e.g. Hillesund “895 at p. 6, Paragraph 3 (“To compensate
for these localized current fluctuations, the inventive control
system utilizes a distributed processing control architecture and

positioning  the array  along  the | behavior-predictive  model-based control logic to  properly
optimal path. control the streamer positioning devices.™,
At the time of the invention of the *038 patent, a Person Having
Ordinary Skill In The Art would have found it obvious to
position the array along the optimal path, using various
technologies including neural-networks and behavior-predictive
model based control logic.
See Claim | Analysis,
23 The apparatus of claim 22 | The Hillesund 895 application discloses this limitation.
wherein  the master  controller
compensates for environmental | See, eg., Hillesund ‘895 at p. 8, Paragraph | (“The global

factors i1 the positioning commands.

control system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading (degrees), current speed (m/s), current heading
{degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18. The global control system
22 will preferably send the following values to the local bird
controller: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.™).
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See, e.g.. Hillesund 895 at p. 6, Paragraph 3 ("“Localized current
fluctuations can dramatically influence the magnitude of the side
control  reguired 10 property position the streamers. To
compensate tor these localized current fluctuations, the inventive
control  system utilizes a  distributed processing  control
architecture and behavior-predictive model-based control logic
to properly control the streamer positioning devices.”).

See also Claims 2, 5, and 22 Analyses.

240 The apparatus of claim 23
wherein  the  master coatroller
compensates  for  mancaverability

factors in the positioning commands,

The Hillesund “893 application discloses this limitation,

See. e.g., Hillesund “895 at p. 7, Paragraph 3 (“The global
control systern 27 preferably calculates the desired vertical and
horizontal forces based on the behavier of each streamer and
also takes into account the behavior of the complete streamer
array.”).

At the time of the invention it was obvious to a Person Having
Ordinary Skill In The Art at the time of the invention that to
“compensate  for maneuverability influences™ it would be
necessary to take into account various maneuverability faclors,
including, but not necessarily limited to, cable diameter, array
type, deploved configuration, vessel type, device type, ete. which
are part of the basis for the behavior of the streamers.

See, e.g., Hillesund *§935 at p. 8, Paragraph 3 ("The force and
velocity values are delivered by the global control system 22 as
separate  values for each bird I8 on each streamer 12
continucusty during operation of the control system.™).

See also Claims 6 and 22 Analyses.

25 A
fracking
comprising:

seismic  streamer
aad  positioning

array
svsiem

The Hillesund “893 application discloses this limitation.

See, e.g., Hillesund ‘895 generally, which discloses a system
wherein a towing vessel fows a seismic array comprised of a
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plurality of seismic streamers. Actual positions are determined
for this array, and positions are controlled by setsmic streamer
positioning devices attached to the streamer cables.

See, e.g.. Hillesund ‘895 at p. 4, Paragraph titled “Summuary of
the Invention™.

a towing vessel for lowing a scismic

array]

The Hitlesund “895 application discloses this limitation.

See, e.g, Hillesund ‘893, Tig. 1. See afso Hillesund *895 at p. 5,
Paragraph 1 (“In Figure 1, a seismic survey vessel 10 is shown
towing cight marine seismic streamers ... 7).

A SCEMIC STEMer array Comprising
a plurafity of sersmic streamers;

The Hillesund “8935 application discloses this Hmitation.

See, e.g., Hillesund ‘895, Fig. 1. See also Hillesund “895 at p. §,
Paragraph 1 (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7").

an active streamer positioning device
(ASPD) atasched SEISMIC
streamer for vertically and
orizontally positioning each seismic

streamer relative to the array;

each

The Hillesund ‘895 application discloses this limitation.

See, e.g., Hillesund “895 at p. 6, Paragraph | (“Preferabiy the
birds I8 are both vertically and horizontally steerable. These
birds |8 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.™)

See, eg., Hillesund ‘895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2 particularly in regard to ‘relative’ positioning of
streamers (“The inventive control system will primarily operate
in two different control modes: a feather angle control mode and
a turn control mode. In the feather angle control mode, the global
control system 22 attempts to keep each streamer in a straight
line offset from the towing direction by a certain feather angle ...

)
Ly
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The turn control mode is used when ending one pass and
beginning another pass during a 31 seismic survey, sometimes
referred to as a “line change.” The turn control mode consists of
two phases. [n the first part of the turn, every bird 18 tries to
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control
mode. By doing this, a tighter turn can be achieved and the turn
time of the vessel and equipment can be substantizlly reduced.
Typically during the turn mode adjacent streamers will be depth
separated to avoid possible entanglement during the turn and will
be retumned to a common depth as soon as possible after the
completion of the turn ..., In extreme weather conditions, the
inventive control system may also operate in a streamer
separation control mode that attempts to minimize the risk of
entanglement of the streamers. In this control mode, the global
contral system 22 attempts to maximize the distance between
adjacent streamers. The streamers 12 will typically be separated
in depth and the outermost streamers will be positioned as far
away from each other as possible. The inner streamers will then
be regularly spaced between these outermost streamers, i.e. each
bird 18 will receive desired horizontal forces 42 or desired
hortzontal position information that will direct the bird 18 (o the
midpoint position between its adjacent streamers.”).

The *038 patent discloses that this limitation was well known to
one skilled in the art prior to and at the time of the invention.

See, eg., ‘038 patent, Col. 1, 1l 25-56 (discussing the known
prior art including attaching control apparatuses to seismic
streaniers to position streamers).

a  master  controtler  for  issuing
positioning  commands  to each

ASPD and o the towing vessel for

maintaining  an optimal  path,
wherein the master controlter further
comprises a processor for caleulating
an optimal path for the scismic armay
for optinral coverage during scismic

The Hillesund ‘895 application discloses this Hmitation.,

See, e.g., Hillesund 895 at p. 6, Paragraph 2 {“'In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global control system 22
located on or near the seismic survey vessel 10 and a local
control system located within or near the birds 18. The global
control system 22 is typically connected to the seismic survey
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data acquisition over a scismic ficld,
and a streamer behavior prediciion
processor which  predicts array
behavior,  wherein  the  master
contraller compensates for predicted
streamer  behavior i
posihioning commands to the towing
vessel  and  the  ASPDs  for
positioning  the array  along  the
optimal  path, wheretn the master
controller Compensates for
environmental and mancuverability
factors in the positioning commuands,

1SSUnY

vessel's navigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity
and current direction and velocity, from the vessel’s navigation
system.”).

See, eg. Hillesund 895 at p. 10, Paragraph 3 (“During
operation of the streamer positioning conirol system, the global
control system 22 preferably transmits, at regular intervals (such
as every five seconds) a desired horizental force 42 and a desired
vertical force 44 to the local control system 36.7).

See, e.g., Hillesund ‘895 at p. 18, Paragraph 2 (“The inventive
control system is based on shared responsibifitics between the
global control system 22 located on the scismic survey vessel 10
and the local control system 36 on the bird 8. The global
control system 22 is tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the local controt system 36, The local control
system 36 within each bird 18 is responsible for adjusting the
wing splay angle to rotate the bird to the proper position and for
adjusting the wing common angle to produce the magnitude of
total desired force required.”™).

See. e.g., Hillesund ‘895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2 {“The inventive control system will primarily
operate in two different control modes: a feather angle control
mode and a turn control mode. In the feather angle control mode,
the global control system 22 attempts to keep each streamer in a
straight line offset from the towing direction by a certain feather
angle .... The turn contrel mode is used when ending one pass
and beginning another pass during a 3D secismic survey,
sometimes referred to as a “line change”. The turn control mode
consists of two phases, In the first part of the turn, every bird 18
tries to “throw out” the streamer 12 by generating a force in the
opposite direction of the turn. In the last part of the turn, the
birds 18 are directed to go to the position defined by the feather
angle control mode. By doing this, a tighter turn can be achieved
and the turn time of the vessel and equipment can be
substantially reduced. Typically during the turn mode adjacent
streamers will be depth separated to avoid possible entanglement
during the wrn and will be returned to a common depth as soon
as possible after the completion of the tumn An extreme
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weather conditions, the inventive control system may also
operate in a streamer separation control mode that attempts to
minimize the risk of entanglement of the streamers. In this
conirol mode, the global control system 22 attempts to maximize
the distance between adjacent streamers. The streamers 12 will
typically be separated in depth and the cutermost streamers will
be positioned as far away from cach other as possible. The inner
streamers will then be regularly spaced between these outermost
streamers, Le. each bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 18 to the midpoint position between its  adjacent
streamers.” ).

See, ez, Hillesund “895 at p. 8, Paragraph | (*The global
controt system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading ({degrees), current speed (m/s), current heading
{degrees), and the focation of each of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18, The global control system
22 will preferably send the following values to the local bird
controller: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.”).

See, e.g., Hillesund “895 at p. 6, Paragraph 3 ("lL.ocalized current
fluctuations can dramaticaily influence the magnitude of the side
control  required to  property position the streamers. To
compensate for these localized current fluctuations, the inventive
control  system utilizes a distributed processing control
architecture and behavior-predictive model-based control logic
to properly control the streamer positioning devices.”).

See, eg.. Hillesund 895 at p. 7, Paragraph 3 (“The giobal
control system 22 preferably calculates the desired vertical and
horizontal forces based on the behavior of each streamer and
also takes into account the behavior of the complete streamer
array.”).

A Person Having Ordinary Skill In The Art at the time of the
‘038 invention woeuld have recognized that calculating an
“optimal path for the seismic array for optimal coverage” was
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obvious common commercial practice. ION  predecessor
companies, among others, offered commercial sofiware for this
caleulation at this time.

26, A method for wacking  and

positioning & seismic streamer amray
comprising:

The Hilesund 895 application and the Roquette 930 patent
disclose this imitation,

See, e.g. Hillesund ‘895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined
for this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables.

See, e.g., Hillesund ‘895 at p. 4, Paragraph titled “Summary of
the Invention,”

for  lowing a  seismic

comprising a plurality of seismic

arvay

sireamery;

The Hitlesund *895 application discloses this limitation.

See, e.g., Hillesund *895, Fig. 1. See also Hillesund "895 at p. 3,
Paragraph 1 (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers .7}

attaching  an active  streamer
positioning  device  (ASPIH
seismic streamer for positioning the
seismic streamer relative o other
seismic streamers within the aray;

cach

The Hillesund *893 application discloses this limitation.
See, e.g., Hillesund ‘895 at p. 6, Paragraph 1 (“Preferably the
birds 18 are both vertically and horizontally steerable. These
birds I8 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 4030 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.™)

See. eg., Hillesund *895 at p. [8, Paragraph 3, to p. 19,
Paragraph 2 particularly in regard to ‘relative” positioning of
streamers {(“The inventive control system will primarily operate
in twe different control modes: a feather angle control mode and
a turn control mode. In the feather angle control mode, the global
control system 22 attempts to keep each streamer in a straight
line offset from the towing direction by a certain feather angle

29
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. The turn control mode is used when ending one pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change”. The turn control mode consists of
two phases. In the first part of the turn, every bird 18 fries to
“throw out” the streamer 12 by generating a force in the opposite
direction of the wrn. In the fast part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control
mode. By doing this, a tighter turn can be achieved and the turm
time of the vessel and equipment can be substantially reduced.
Typically during the turn mode adjacent streamers will be depth
separated to avoid possible entanglement during the tarn and will
be returned to a common depth as soon as possible after the
completion of the wrn ... In extreme weather conditions, the
inventive control system may also operate in a streamer
separation control mode that attempts to minimize the risk of
entanglement of the streamers. In this control mode, the global
controf system 22 attempts to maximize the distance between
adjacent streamers. The streamers 12 will typically be separated
in depth and the outermost streamers will be positioned as far
away from cach other as possible. The inner streamers will then
be regularly spaced between these outermost streamers, i.e. each
bird 18 will receive desired horizontal forces 42 or desired
horizontal position information that will direct the bird 18 to the
midpoint position between its adjacent streamers.”).

The 038 patent discloses that this limitation was well known to
one skifled in the art prior to and at the time of the invention.

See, e.g, 038 patent, Col. 1, 1. 25-36 (discussing the known
prior art including attaching control apparatuses to seismic
streamers to position streamers).

The Rouquette “930 patent discloses this limitation.

See, e.g., Rouquette 930, Fig. 1.

See, e.g., Rouguette “930, Col. 2, H. 49-52 (“F1G. | is side view
of a scismic surveying vessel towing a streamer outfitted with
sensing and streamer control devices in communication with a

controller aboard the vessel in accordance with the invention™)

See, e.g., Rouguette *930 Col. 4, 11, 6-13 (“Distributed along the
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fength of the streamer 22 are in-streamer sensors 24A-D, such as
compasses and depth sensors, and outboard devices, such as
cable-leveling birds 26A-B and acoustic ranging transceivers
28A-B. For brevity, all such devices are hereinafter referred to
generally as sensors. The outboard sensors are connected to the
streamer 22 by means of collars 27 clamped around the
streamer.’’)

and issuing vertical and horizontal
positioning  commands o cach
ASPD for maintaining & specificd

AFTaY SOOIy,

The Hillesund ‘895 application and the Roquette 930 patent
disclose this imitation,

See, eg., Hillesund 895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2; particularly in regard to the limitation of “specified
array geometry” (“The inventive control system will primarily
operate in two different control modes: a feather angle conitrol
mode and a turn control mode. In the feather angle control mode,
the global control system 22 attempts to keep each streamer in a
straight line offset from the towing direction by a certain feather
angie ...

The turn control mode is used when cnding one pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change”™. The turn control mode consists of
two phases. In the first part of the turn, every bird 18 tries to
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn. ...

In extreme weather conditions, the inventive control system may
also aperate in a streamer separation control mode that attempts
to minimize the risk of entanglement of the streamers. In this
control mode, the global control system 22 attempts to maximize
the distance between adjacent streamers. The streamers 12 will
typically be separated in depth and the outermost streamers will
be positioned as far away from each other as possible, The inner
streamers will then be regularly spaced between these outermost
streamers, i.e. each bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 18 to the midpoint position between its adjacent
streamers,’),

The Rouguette *930 patent discloses this limitation.
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See, e.g., Rouquette 9340, Figs. | and 2

See, e, Rouquette “930, Colb. 3, 1L 23-31 (“These and other
objects are achieved by the present invention, which provides a
multi-channel, two-wire communication system for sending
commands and data requests to and receiving data [fJrom many
positioning sensors and cable-leveling devices distributed along
a seismic streamer. The apparatus of the invention includes a
central controller comprising an intelligpent modem that can scan
the many streamer devices for cable-positioning data each
seismic shot nterval.™).

See, e.g., Rouguette *930, Col. 4, H. 45-47 (“Control signals are
received by the bird electronics 30 to control the wings of the
bird and, thereby, the depth of the streamer.™).

2% The method of claim 26 further

COMPprising: providing an
eonvironmental  seasor for  sensing
cnvironmental factors which
mfluence the path of the rowed
array.

The Hillesund *8935 application discloses this limitation,

See. e.g., Millesund *895 at p. 6, Paragraph 3 (*Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers.

See, e.g., Hillesund *893 at p. 8, Paragraph 1 (“The global
controf system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading (degrees), current speed (m/s), current heading
{degrees), and the location of cach of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18, The global control system
22 will preferably send the following values to the local bird
controller: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.”).

See, c.g., Hillesund 895 at p. &, Paragraph 3 (“The “water-
referenced” towing velocity and crosscurrent velocity could
alternatively be determined using flowmeters or other types of
water velocity sensors attached directly to the birds 18. Although
these tvpes of sensors are lypically quite expensive, one
advantage of this type of velocity determination system is that

S
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the sensed in-ling and cross-line velocities will be inherently
compensated for the speed and heading of marine currents acting
on said streamer positioning device and for relative movements
between the vessel 10 and the bird 18.7).

The Rouguette 930 patent discloses this limitation,

See, e.g., Rouguette ‘930, Col. 4, 1l 25-28 {“Outfitted with
heading sensors and depths sensors, a bird 26 can also
communicate heading and depth data to the on-board controller
38 for use in predicting the shape of the streamer 22.7).

See, e.g., Rouquette 930, Col. 4, 1. 47-31 (*The bird clectrenics
also measure various operaling parameters, such as depth,
heading, wing angle, temperature, and batiery status, and send
such data to the controller upon request.”).

28, The method of claim 26 Turther

comprising:  providing a  tracking

svsiemt for tracking  the streamer
positions  versus  time  during  a
seismic  data  acquisition run and

storing the posifions versus time in a
legacy database for repeating the
positions versus time in @ subsequent
data acquisttion; and providing an
array geometry fracking svstem for
tracking the array geomelry versus
time  durng  a  selsmic data
acguisition run and storing the array
goomelry versus time in oa legacy

database  for repeating  the  array
goomelry  versus  time in a

subsequent data acquisition sun.

The Hillesund *895 application discloses this limitation.

See, e, Hillesund “893 at p. 7, Paragraph 2 (“The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and utilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desired positions.”).

See, e.g., Hillesund ‘895 at p. 7, Paragraph 1 (“In the preferred
embodiment of the present invention, the global control system
22 monitors the actual positions of each of the birds 18 and is
programmed with the desired positions of or the desired
minimum separations between the seismic streamers 12.7).

See, eg., Hillesund ‘895 at p. &, Paragraph | ("The global
control system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading {degrees), current speed (m/s), current heading
{degrees), and the location of each of the birds in the horizontal
planc in a vessel fixed coordinate system.™)
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Persons Having Ordinary Skill In The Art at the time of
invention would have recognized that tracking streamer positions
and storing the positions in a legacy database, including the
times during acquisition, was obvious and had been in
widespread industry standard practice since the late [9807s.
Industry standards (such as the so-called UKOOA navigation
database standards) have existed and been used since the early
1990%s, Tt is also obvious to a Person Having Ordinary Skill In
The Art that streamer positions in such a database can be
repeatedly utilized.

. T

In regard to “array geometry tracking system,” afso see, c.g..
Hitlesund ‘893 at p. 18, Paragraph 3 to p. 19, Paragraph 2 (“The
inventive control system will primarity operate in two different
control modes: a Feather angle control mode and a turn control
mode. In the feather angle control mode, the global control
system 22 attempts to keep each streamer in a straight line offset
from the towing direction by a certain feather angle. The feather
could be input either manually, through use of a current meter, or
through use of an estimated value based on the average
horizontal bird forces. Only when the crosscurrent velocity is
very small will the feather angle be set to zero and the desired
streamer positions be in precise alignment with the towing
direction.

The turn control mode is used when ending one pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change”™. The turn control mode consists of
two phases. In the {irst part of the turn, every bird 18 tries to
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 18 are
directed 1o go to the position defined by the Teather angle control
mode. By doing this, a tighter turn can be achieved and the turn
time of the vessel and equipment can be substantially reduced.
Typically during the turn mode adjacent streamers will be depth
separated (o avoid possible entanglement during the tuen and will
be returned to a common depth as soon as possible after the
completion of the turn. The vessel navigation system will
typically notify the global control system 22 when to start
throwing the streamers 12 out, and when to start straightening
the streamers.

34
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In extremc weather conditions, the inventive control sysiem may
also operate in a streamer separation control mode that attempts
to minimize the risk of entanglement of the streamers. In this
control mode, the global control system 22 attempts to maximize
the distance between adjacent streamers. The streamers 12 will
typically be separated in depth and the outermost streamers will
be positioned as far away from each other as possible. The inner
streamers will then be regularty spaced between these outermost
streamers, i.e. each bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 18 to the midpoint position between s adpacent
streamers.”).

29, The method of claim 28 wherein
e master controller compares the
positions of  the streanters versus
fime and the array geomeuy versus
time to a desired streamer position
and array geomelry versug time and
jssres positioning commands o the
ASPDs o maintain the  desired
streamer position and array geometry
VErsus time.

The Hiilesund *895 application discloses this limitation.

See, e.g., Hillesund 893 at p. 7, Paragraph 2 (“The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and utilizes the desired and actual
positions of the birds 18 10 regularly calculate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 1o move them from their actual positions to
their desired positions.™).

See, e.g.. Hillesund “895 at p. 18, Paragraph 2 (“The global
control system 22 is tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the local conirol system 36, The local control
system 36 within each bird 18 is responsible for adjusting the
wing splay angle to rotate the bird to the proper position and for
adjusting the wing common angle to produce the magnitude of
total desired force required.™).

30, The method of claim 29 wherein

the master  controtler  factors  in
environmenial  factors inio the
positioning contmands o
compensate for environmental

influcnces on the positioning of the
streamers and the array geometry.

The Hillesund ‘895 application discloses this limitation.

See, ey, Hillesund ‘895 at p. 8, Paragraph 1 (*The global
control system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading (degrees), current speed (m/s), cwrent heading
(degrees), and the location of each of the birds in the horizontal
piane in a vessel fixed coordinate svstem. Current speed and

L)
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heading can also be estimated hased on the average forces acting
on the streamers 12 by the birds 18, The global control system
22 will preferably send the following values to the local bird
controller: demanded vertical force, demanded horizontal torce,
towing velocity, and crosscurrent velogity.”).

See, e.g.. Hillesund “895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required o property position the streamers. To
compensate for these localized current {luctuations, the inventive
control  svstem  utilizes a  distributed  processing  control
architecture and behavior-predictive model-based control logic
to properly control the streamer positioning devices.”).

31, The method of ¢iaim 30 whorein
the master controller compensaics
for maneyverability in the
commands o
for  maneuverabibity
ntluences on the positdoning of the
streamers and the array geometry,

pusitioning
compensate

‘The Hillesund ‘895 application discloses this Himitation.

See, e.g, Hillesund 895 at p. 7, Paragraph 3 (“The global
control system 22 preferably calculates the desired vertical and
horizontal forces based on the behavior of ecach streamer and
also takes into account the behavior of the complete streamer
array.”).

At the time of the invention it was obvious to a Person Having
Ordinary Skill in The Art at the time of the invention that to
“compensate  for mancuverability influences™ it would be
necessary to take inte account various mancuverability factors,
including, but not necessarily limited to, cable diameter, array
type, deploved configuration, vessel type, device type, etc. which
are part of the basis for the behavior of the streamers.

See, eg., Hillesund ‘895 at p. 8, Paragraph 3 (“The foree and
velogity values are delivered by the global control system 22 as
separate values for each bird 18 on each streamer 12
continuously during operation of the control system.”}.

320 the muothod of claim 26 lurther
comprising: providing a monitor for
determining  the  status of gach
stremimer,  wherein the masier
controdier adjusts the array geometry

Person Having Ordinary Skill In The Art will recognize that it
was obvious common practice at the time of the invention to
monitor the status of each streamer. They will also recognize
that it was obvious common practice to compensate for failed
streamers to the maximum extent that towing capabilities of a
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(o compensate Tor a fatled streamer.

given vessel allowed.

35, The method of ¢laim 26 wherein
the COMPrises i
plurality of streamers positioned at a
unitorm depih.

array geometry

The Hillesund *893 application discloses this limitation.

See, e.g., Hillesund ‘895 at p. 6, Paragraph 1 (“Preferably the
hirds 18 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the {ail
buoy 20 in both the vertical {depth} and horizontal directions.”)

Persons HMaving Ordinary Skill in The Art will recognize that
deploying “a plurality of streamers at a uniform depth’ has been
the most obvious and common industry practice since the
F9807s.

See Claim | Analysis, generally.

360 The method of claim 26 wherein
the  array comprises
plurality of streamers positioned at a
pluraiity  of depths  for  varving
temporal resalution of the array.

geometry

The Hillesund “895 application discloses this limitation.

See, e.g., Hillesund *8935 at p. 6, Paragraph | {(“Preferably the
birds 18 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.”)

See, c.g., Hillesund ‘895 at p. 19, Paragraph 2 ("In extreme
weather conditions, the inventive control system may also
operate in a streamer separation control mode that attempts to
minimize the risk of entanglement of the streamers. In this
control mode, the global control system 22 attempts to maximize
the distance between adjacent streamers. The streamers 12 will
typically be separated in depth and the outermost streamers wilj
be positioned as far away from cach other as possibie™)
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Persons Having Ordinary Skill in The Art will recognize that
deploying ‘a plurality of streamers positioned at a plurality of
depths’ has been obvious and has been selectively utilized in
industry practice since the 1980°s. In addition to other industry
practitioners, a predecessor company of WesternGeco utilized
so-called “over-under™ streamer acguisition selectively since
before the priority date for the ‘038 patent.

See Claim 1 Analysis, gererally.

38, The method of clabm 29 whercin
e array geometry s fracked
satelite and conmmunicated o
master controlier.

Y1
the

The Hiltesund “893 application discloses this limitation.

See, e.g., Hillesund ‘895 at p. 7, Paragraph 1 ("Alternatively, or
additionally, satellite-based global positioning system equipment
can be used to determine the positions of the equipment.”).

See, e.g., Hillesund 895 at p. 6, Paragraph 2 (“The global
control system 22 is typically connected to the seismic survey
vessel’s navigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity
and current direction and velocity, from the vessel’s navigation
system.”).

39, A method for wacking  and
POSHIONING @ Seismic slreamer array
COMprising

The Hitlesund “893 apphcation discloses this limitation.

See, e.g., Hillesund “8935 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined
for this arrav, and positions are controlled by seismic streamer
pasitioning devices attached to the streamer cables.

See, e.g., Hillesund *895 at p. 4, Paragraph titled “Summary of
the Invention™,

towing a seismic array comprising a
plurality of seismic streamers front a

The Hillesund *893 application discloses this limitation.

The Hiliesund 893 application discloses this limitation.
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towing vessel:

See, e.g, Hillesund ‘895, Fig. 1. See afso Hillesund *895 at p. 5,

Paragraph 1 {“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7).

See, ez, Hillesund *895, Fig. 1. See afso Hillesund ‘895 at p. 5,
Paragraph | (*In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7).

avtuching  an aciive  streamer
positioning device (ASPEN o cach
seisnyie streamer {or positioning cach
seismic streamer,

The Hillesund “895 application discloses this limitation.

See, e.g., Hillesund ‘8935 at p. 6, Paragraph | (“Preferably the
birds 18 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical {(depth) and horizontal directions.™)

See, ey, Hillesund ‘895 at p. I8, Paragraph 3, to p. 19,
Paragraph 2 particularly in regard to “positioning”™ of streamers
(*The inventive control system will primarily operate in two
different control modes: a feather angle control mode and a turn
control mode. ...

The ‘038 patent discloses that this limitation was well known to
one skilled in the art prior to and at the time of the invention.

See, e.g., ‘038 patent, Col. |, . 25-36 (discussing the known
prior art including aftaching control apparatuses 1o sgismic
streamers {0 poOsition streamers),

issuing positioning commands from
a master controller to each ASPD to
adjust  vertical  and horizontal
position of a first streamer relative to
a second streamer i the armay for
specified

mabyaining @ array

geomeiry:

The Hitlesund ‘895 application discloses this limitation.

See, e.g., Hillesund ‘895 at p. 6, Paragraph 2 (“In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global control system 22
located on or near the seismic survey vessel 10 and a local
control system located within or near the birds 18.7).
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-

See, eg. Hillesund 895 at p. 10, Paragraph 3 (“During
operation of the streamer positioning control system, the global
control system 22 preferably transmits, at regular intervals (such
as every five seconds) a desired horizontal force 42 and a desired
vertical force 44 1o the local control system 36.7).

See, e.g., Hillesund ‘895 at p. 18, Paragraph 2 (“The inventive
control system is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18, The global
control system 22 is tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the local contrel system 36. The local control
system 36 within each bird [8 is responsible for adjusting the
wing splay angle to rotate the bird 1o the proper position and for
adjusting the wing common angle to produce the magnitude of
total desired force required.”).

See, ez, Hillesund 895 at p. IR, Paragraph 3, to p. 19,
Paragraph 2, particularly in regard to the limitation of
“maintaining a specified array geometry” (“The inventive
control system will primarily operate in two different control
modes: a feather angle control mode and a turn control mode. In
the feather angle control mode, the global control system 22
attempts to keep each streamer in a straight line offset from the
towing direction by a certain feather angle .... The turn control
mode is used when ending one pass and beginuing anether pass
during a 3D seismic survey, sometimes referred to as a “line
change™. ... Typicaily during the turn mode adjacent streamers
will be depth separated to avoid possible entanglement during
the turn and wil be returned to a common depth as soon as
possible afier the completion of the turn ... In extreme weather
conditions, the inventive control system may also operate in a
streamer scparation control mode that attempts to minimize the
risk of entanglement of the streamers. In this control mode, the
global control system 22 attempts to maximize the distance
between adjacent streamers. The streamers 12 will typically be
separated in  depth and the outermost streamers will be
positioned as far away from each other as possible. The inner
steeamers will then be regularly spaced between these outermost
streamers, 1.e. cach bird 18 will receive desired horizontal forces
472 or desired horizontal position information that will direct the
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bird 18 to the midpoint position between its  adjacent
streamers,” ).

sensing environmental factors which

miluence the rowed path of

towed array;

the

The Hillesund 895 application and Roguette 930 patent
disclose this limitation.

-~

See, e.g., Hillesund ‘895 at p. 6, Paragraph 3 {(“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers.

See, eg., Hillesund *895 at p. 8, Paragraph | ("The global
control system 22 will typically acquire the following parameters
from the vessel™s navigation system: vessel speed {m/s), vessel
heading {degrees), ocurrent speed (m/s), current heading
(degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18. The global control system
22 will preferably send the following values to the local bird
controlter: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.”).

See, eg., Hillesund ‘895 at p. & Paragraph 3 (*The “water-
referenced” towing velocity and crosscurrent velocity could
alternatively be determined using {lowmeters or other types of
water velocity sensors attached directly to the birds 18, Although
these types of sensors are typically quite expensive, ong
advantage of this type of velocity determination system is that
the sensed in-line and cross-line velocities will be inherently
compensated for the speed and heading of marine currents acting
on said streamer positioning device and for relative movements
between the vessel 10 and the bird 18.7)

The Rouquette “930 patent discloses this limitation.

See, e.g., Rouguette *930, Col. 4. 1. 25-28 (“Outfitted with
heading sensors and depths sensors, a bird 26 can also
communicate heading and depth data to the on-board controller
38 for use in predicting the shape of the streamer 22.7).
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See, e.g., Rouguette ‘930, Col. 4,11, 47-51 (*“The bird electronics
also measure various operating parameters, such as depth,
heading, wing angle, temperature, and battery status, and send
such data to the controller upon request.”).

tracking  the  streamer  positions
versus time during a scismic data
acquisition ru

The Hillesund 895 application discloses this limitation.

See, e.g., Hillesund ‘895 at p. 7, Paragraph 2 ("The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and utilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desired positions.”™).

See, e.g., Hillesund 895 at p, 7, Paragraph | (*In the preferred
embaodiment of the present invention, the global control system
22 monitors the actual positions of each of the birds ...7).

Persons Having Ordinary Skill In The Art at the time of
invention would have recognized that tracking streamer positions
and storing the positions in a legacy database, including the
times during acquisition, was obvious and had been in
widespread industry standard practice since the late 198(7s,
Industry standards (such as the so-called UKOOA navigation
database standards) have existed and been used since the carly
1990°s. 1t is also obvious to a Person Having Ordinary Skill In
The Art that streamer positions in such a database can be
repeatedly utilized.

tracking the array geometry versus
time  during  a  seismic  data
acguisition run, wherein the masier

gontroller compares the positions of

versus time and the
array geomelry  versus  fime o
dosired streamer positions and array
geometry and  issues
nositioning commands o the ASPDs
to maintain the streamer
positions and array geometry versus

the streamers

versus  bme

desired

The Hillesund 895 application discloses this limitation.

See. e.g., Hillesund ‘895 at p. 7, Paragraph 2 (“The global
control system 22 preferably maintains a dynamic model of cach
of the seismic streamers 12 and utilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and herizontal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desired positions.™).

See, e.g., Hillesund ‘895 at p. 18, Paragraph 2 (“The global
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fune.

control system 22 is tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the local conwrol system 36, The local control
svstem 36 within cach bird 18 is responsible for adjusting the
wing splay angle to rotate the bird to the proper position and for
adjusting the wing common angle to produce the magnitude of
total desired force required.™).

40, The method of claim 39 wherein
the contralier factors  in
environmental  measgrements  inw
the commands 1o
compensale environmental
influences on the positions of the
streamers and the areay geometry.

imasier

positioning
for

The Hillesund 895 application discloses this [imitation.

See, eg.. Hillesund ‘895 at p. 8, Paragraph } {“The global
control system 22 will typically acquire the following parameters
from the vessel's navigation system: vessel speed (m/fs), vessel
heading (degrees), current speed {m/s), current heading
{degrees), and the location of cach of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acling
on the streamers 12 by the birds 18. The global controf system
22 will preferably send the following values to the local bird
controlier: demanded vertical foree, demanded horizontal foree,
towing velocity, and crosscurrent veloeity.”).

See, e.g.. Hillesund “895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers, To
compensate for these localized current {luctuations, the inventive
control  system  ufilizes a distributed  processing  control
architecture and behavior-predictive model-based control logic
to property control the streamer positioning devices.™).

41, The method of claim 39 wherein
the master conwroller Compensates

for mancuverability in the
pusiticning commands to
compensate  for  mancuverability

influences on the positioning of the
streamers and the array geometry.

The Hillesund ‘895 application discloses this limitation.

See, ez, Hillesund *895 at p. 7, Paragraph 3 (“The global
control system 22 preferably calculates the desired vertical and
horizontal forces bhased on the behavior of each streamer and
also takes inte account the behavior of the complete streamer
array.”).

At the time of the invention it was obvious to a Person Having
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Ordinary Skill In The Art at the time of the invention that to
“compensate  for maneuverability influences” it would be
pecessary to take into account various maneuverability factors,
including, but not necessarily limited to, cable diameter, array
type, deployved configuration, vessel type, device type, etc. which
are part of the basis for the behavior of the streamers,

See, e.g., Hillesund ‘895 at p. 8, Paragraph 3 ("The force and
velocily values are delivered by the global control system 22 as
separate values for ecach bird 18 on each streamer 12
continuously during operation of the control system.”).

47, The method of claim 39 further
comprising: determining the status of
cach streamer. wherein the
contratler adjusts the array geonsetry
to compensate for a failed streamer.

master

The Hillesund 895 application discloses this limitation.

A Person Having Ordinary Skill In The Art will recognize that it
was obvious common practice at the time of the invention to
monitor the status of each streamer. They will also recognize
that it was obvious common practice to compensate for failed
streamers 1o the maximum extent that towing capabilities of a
given vessel allowed,

45 A method for tracking  and
positioning  sCismic streamer  anay

comprising:

The Hiltesund ‘895 application and the Roquette ‘930 patent
disclose this limitation.

See Claim 1 Analysis.

fowing a seismic array comprising a
plurahity of seismic streamers,

The Hillesund “893 application discloses this limitation.

See Claim 1 Analvsis.

attaching  an  active  streamer
positioning device (ASPD) attached
to each  seismic for

positioning each seismic streamer;

streamer

The Hillesund *895 application discloses this limitation,

See Claims 1 and 26 Analyses.

and ssuing vertical and horizontal
positioning  commands 1o
ASPD for mmintaining a specified

cach

The Hillesund ‘893 application discloses this limitation.

See Claims | and 26 Analyses.
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array path.

46, The method of claiim 435 wherein
a master controlfer issues positioning
commands to the towing vessel for
maintaining a specihied array path.

The Hillesund “895 application discloses this limitation.

See Claims 1, 21, and 45 Analyses,

47, The method of claim 45 further
comprising: caleulating an optimal
path for the seismic array for optimal
coverage  durimg  seismic data

acquisition over a seismic field:

The Hillesund “895 application discloses this limitation.

See Claims 1, 22, and 45 Analvses.

predicting array behavior

The Hillesund “895 application discloses this limitation.
See, e.g., Hillesund *895, Fig 4.

See, e.g., Hillesund 895 at p. 6, Paragraph 3 (*To compensate
for these localized current fluctuations, the inventive control
systenm utilizes a distributed processing control architecture and
behavior-predictive  model-based control logic to properly
control the streamer positioning devices.”™).

and  compensating  for  predicied
steeamer behavior  in issuing
positioning commands to the towing
vessel  and  the  ASPDs for
positiening  the array  along the

optimal path.

The Hillesund 895 application discloses this Hmitation.

See Claims 1, 21, 22, and 45 Analyses.

48. The method of ¢laim 47 wherein
the master controlier compensates
for environmental  factors in the
positioning commands.

The Hillesund 895 application discloses this limitation.

See Claims 15, 30, and 40 Analyses,
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49 The method of claim 48 wherein
the centrotler
for mancoverability factors in the
positioning commands.

masier COMPEnsanes

The Hitlesund *893 application discloses this limitation.

See Claims 16, 31, and 41 Analvses.

MOA for
positioning

COMprising:

method tracking  and
i oSeIsSmic streamer array

The Hillesund *895 application discloses this limitation.

See, e.g., Hillesund *895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined
for this array, and positions are contrelled by seismic streamer
positioning devices attached to the streamer cables.

See, ey, Hillesund 895 at p. 4, Paragraph titled “Summary of
the Invention”.

OWINg & Selsmic armay comprising a
plurality of seismie streamers;

The thiflesund “895 application discloses this limitation.

See, ez, Hillesund *893, Fig. 1. See also Hillesund *895 at p. 5,
Paragraph 1 (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...,

altaching  an active  slreamer
positioning device (ASPD) atached
streamer for

to each seismic

positioning cach seismic streamer;

The Hillesund 895 application discloses this limitation.

See, e.g., Hillesund "895 at p. 6, Paragraph | {“Preferably the
birds 18 are both verticaily and horizontally steerable. These
birds 18 may. for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer ...

See, ¢g, Hillesund ‘895 at p. 18, Paragraph 3. to p. 19,
Paragraph 2 particularly in regard to “positioning cach seismic
streamer” (“The inventive controt system will primarily operate
in two different control modes: a feather angle control mode and
a turn control mode. In the feather angle control mode, the global
control system 22 attempts to keep each streamer in a straight
line offset from the towing direction by a certain feather angle ...
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In extreme weather conditions, the inventive control system may
also operate in a streamer separation controf mode that attempis
to minimize the risk of entanglement of the streamers. ...7")

The ‘038 patent discloses that this limitation was well known to
one skilled in the art prior to and at the time of the invention.

See, e.g., ‘038 patent, Col. 1, Il 25-56 (discussing the known
prior art, including attaching control apparatuses to seismic
streamers (o position streamers).

igsuing horizonal and  vertical
positioning  commands 1o cach
ASPD and to the towing vessel for
maintaiming  an optimal path,
caleutating an optimal path for the
seismic array for optimal coverage
during seismic data acquisition over
a selsmic field, and & behavior
prediction ProCessoy which
predicting  array  behavior, wherein
the compensates
ior predicted streamer behavior in
issuing positioning commands to the
towing vessel and the ASPDs for

masier  controlter

positioning  the array  along  the
optimal  path, wherein the master
controller CORIPEnsates fow

envirommental and mancuverabiliy
factors in the positioning commands,

The Hillesund ‘895 application discloses this limitation.

See, e.g.. Hillesund ‘893 at p. 10, Paragraph 3 (“During
operation of the streamer positioning control system, the global
control system 22 preferably transmits, at regular intervals (such
as every five seconds) a desired horizontal force 42 and a desired
vertical force 44 to the local controi system 36.7").

See, e.g., Hillesund *895 at p. 7, Paragraph 2 (“The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and utilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desired posttions.”™),

See, e.g., Hillesund “895 at p. 18, Paragraph 2 ("The inventive
control system is based on shared responsibilities between the
global control system 22 tocated on the seismic survey vessel 10
and the local control system 36 located on the bird 18. The
global control system 22 is tasked with monitoring the positions
of the streamers 12 and providing desired forces or desired
position information to the local control system 36. The local
control system 36 within each bird 18 is responsible for
adjusting the wing splay angle to rotate the bird to the proper
position and for adjusting the wing common angle to produce the
magnitude of total desired force required.”).
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See, e.g., Hillesund “B95 at p. 6, Paragraph 3 (*To compensate
for these localized current fluctuations, the inventive control
system utilizes a distributed processing conirol architecture and
behavior-predictive  model-based conwrol logic to  properly
control the streamer positioning devices.™).

See, e.g., Hillesund 895 at p. 8, Paragraph 1 (“The global
control system 22 will typieally acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading (degrees), current speed (m/s), current heading
(degrees), and the location of cach of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
o the streamers 12 by the birds 18, The global control system
22 will preferably send the folliowing values to the local bird
controller: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.”).

See, eg. Hillesund 895 at p. 7, Paragraph 3 ("“The global
control system 22 preferably calculates the desired vertical and
horizontal forces based on the behavior of each streamer and
also takes into account the behavior of the complete streamer
array.”).

See, e.g., Hillesund ‘895 at p. 8, Paragraph 3 ("The force and
velocity values are delivered by the global controf system 22 as
separate values for each bird 18 on each streamer i2
continuously during operation of the controf system.”).

See also Claims 1, 2, 5,6, 21, 22, and 25 Analysces.

26627481
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EXHIBIT 9

U.S. Patent No. 6,691,038 (the “ “038 patent™) Is Obvious In View of
International Patent Application WO 2000/20895 (“Hillesund ‘895 Application™) and
U.S, Patent 5,546,882 (“Kuche ‘882")

LLS. Patent No. 6,691,038
Asserted Chaims

Citations from Prior Art

1. A seismic streamer array tracking
and positioning sysiem comprising:

The Hillesund WO 00/20895 International Application discloses
this Hmitation.

See, e.g.. Hillesund 895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers.  Actual positions are determined
for this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables.

See, e.g., Hillesund ‘895 at p. 4, Paragraph titled “Summary of
the Invention”.

a towing vessel for towing a seismic
array;

The Hillesund “895 application discloses this limitation.

See. e.g., Hillesund “895, Fig. 1. See also Hillesund ‘8935 at p. 5,
Paragraph 1 (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...™"),

an array comprising a plurality of
seismic streamers;

The Hitlesund 893 reference discloses this Hmitation.

See, e.g., Hillesund “893, Fig. |. See also Hillesund *893 at p. 3,
Paragraph 1 {"In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7).

an active streamer positioning device
(ASPD)Y attached to at feast one
seismic streamer for positioning the
seismic streamer relative to other
seismic streamers within the amay;

The Hillesund 895 application discloses this limitation.

See, e.g., Hillesund ‘895 at p. 6, Paragraph 1 (“Preferably the
birds I8 are both vertically and horizontally steerable. These
birds 18 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.™)

See. eg, Hillesund *895 at p. I8 Paragraph 3, to p. 19,
Paragraph 2 particularly in regard fo relative® positioning of
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streamers (“The inventive control system will primarily operate
in two different control modes: a feather angle control mode and
a turn control mode. In the feather angle control mode, the global
control system 22 atiempts to keep cach streamer in a straight
line offset from the towing direction by a certain feather angle ...

The twrn control mode is used when ending one pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change™. The turn control mode consists of
two phases. In the first part of the turn, every bird 18 tries o
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn. In the fast part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control
mode. By doing this, a fighter turn can be achieved and the wrn
time of the vessel and equipiment can be substantially reduced.
Typically during the turn mode adjacent streamers will be depth
separated o avoid possible entangiement during the tum and will
be returned to a common depth as soon as possible after the
completion of the wm ... In extreme weather conditions, the
mventive control system may also operate in a streamer
separation control mode that attempis to minimize the risk of
entanglement of the streamers. In this control mode, the global
control system 22 altempts fo maximize the distance between
adjacent streamers. The streamers 12 will typically be separated
in depth and the outermost streamers will be positioned as far
away from each other as possible. The inner streamers will then
be regularly spaced between these outermost streamers, i.e. each
bird 18 will receive desired horizontal forces 42 or desired
horizontal position information that will direct the bird 18 to the
midpoint position between its adjacent streamers.”™).

The *038 patent discloses that this limitation was well known to
one skilied in the art prior to and at the time of the invention.

See, e.g., ‘038 patent, Col. 1, il. 25-56 (discussing the known
prier art including attaching control apparatuses to seismic
streamers to position streamers).

and a master controller for issuing
positioning commands to  each
ASPD to adiust a wvertical and
horizontal position of a first streamer
refative to a second streamer within
the array for maintaining a specified

The Hillesund “895 application discloses this limitation,

See, e.g., Hillesund *89S5 at p. 6, Paragraph 2 (“In the preferred
embodiment of the present invention, the control system for the
birds {8 is distributed between a global control system 22
located on or near the seismic survey vessel 10 and a local

]
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array geometry,

control system located within or near the birds 18, The global
control system 22 is typically connected to the seismic survey
vessel’s navigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity
and current direction and velocity, from the vessel’s navigation
system.”).

See. e.g. Hillesund “895 at p. 10, Paragraph 3 (“During
operation of the streamer positioning control system, the global
control system 22 preferably transmits, at regular intervals (such
as every five seconds) a desired horizontal force 42 and a desired
vertical force 44 to the local control system 36.7).

See, e.g., Hillesund ‘895 at p. 18, Paragraph 2 (“The inventive
control system is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18 The global
control system 22 is tasked with monitoring the positions of the
streamers 12 and providing desired forces or desired position
information to the local control system 36. The local control
system 36 within each bird 18 is responsible for adjusting the
wing splay angle to rotate the bird to the proper position and for
adjusting the wing common angle to produce the magnitude of
total desired force required.”).

See, eg. Hillesund "893 at p. 18, Paragraph 3, to p. 19,
Paragraph 2; particalarly in regard to the fimitation of “specified
array geometry” ("The inventive control system will primarily
operate in two different control modes: a feather angle control
mode and a turn control mode, In the feather angle control mode,
the global control system 22 attempts to keep each streamer in a
straight line offset from the towing direction by a certain feather
angle ... The turn control mode is used when ending one pass
and beginning another pass during a 3D seismic survey,
sometimes referred 1o as a “line change.” The turn control mode
consists of two phases. In the first part of the turn, every bird 18
tries to “throw owt” the streamer 12 by generating a force in the
opposite direction of the turn. In the last part of the turn, the
birds I8 are directed to go to the position defined by the feather
angle control mode. By doing this, a tighter turn can be achieved
and the turn time of the vessel and equipment can be
substantially reduced. Typically during the turn mode adjacent
streamers will be depth separated to avoid possible entanglement
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during the trn and will be returned to a common depth as soon
as possible after the completion of the trn ... In extreme
weather conditions, the inventive conlrol system may also
operate i a streamer separation control mode that attempts to
minimize the risk of entanglement of the streamers. In this
conirol mode, the giobal control system 22 attempts to maximize
the distance between adjacent streamers, The streamers 12 will
typically be separated in depth and the outermost streamers will
be positioned as far away from each other as possible. The inner
streamers will then be regularly spaced between these outermost
streamers, i.¢. each bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 18 to the midpoint position between its adjacent
streamers.” ).

)

Y

The apparatus of claim | further

comprising: an environmental sensor
for sensing eavironmental  factors
which iafluence the path of the
towed array.

The Hillesund “893 application discloses this limitation,
See Claim 1 Analysis.

See, e.g.. Hillesund “895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically intluence the magnitude of the side
control required to property position the streamers.”)

See, e.g., Willesund *895 at p. 8, Paragraph 1 (“The global
contral system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading (degrees), current speed  (m/s), cuwrent heading
{degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18. The global control system
22 wiil preferably send the following values to the local bird
controller: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.”).

See, e.g.. Hillesund 895 at p. 8, Paragraph 3 (“The “water-
referenced” towing velocity and crosscurrent velocity could
alternatively be determined using flowmelers or other types of
water velocity sensors attached directly to the birds 18. Although
these types of semsors are typically quite expensive, one
advantage of this type of velocity determination system is that
the sensed in-line and cross-line velocities will be inherently
compensated for the speed and heading of marine currents acting
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on said streamer positioning device and for relative movements
between the vessel 10 and the bird 18.7).

3. The apparatus of claim | further
comprising:

The Hillesund 895 application discloses this limitation,
See Claim | Analysis,

a iracking system for tracking the
streamer  positions  versus  time
during a seismic data acquisition run
and storing the positions versus time
in a legacy database for repeating the
positions versus time in a subsequent
data acquisition;

The Hitlesund *895 application discloses this imitation,

See, eg.. Hillesund “893 at p. 7, Paragraph 2 (*The global
control system 22 preferably maintains a dynamic model of each
of the seismic streamers 12 and utilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desirved positions.”™).

See. e.g.. Hillesund 8935 at p. 7, Paragraph 1 (“In the preferred
embodiment ol the present invention, the global control system
22 monitors the actual positions of each of the birds {8 and is
programmed with the desired positions of or the desired
minimum separations between the seismic streamers 12.7).

See, e.g., Hillesund ‘893 at p. 8, Paragraph | ("The global
control system 22 will typically acquire the following parameters
from the vessel's navigation system: vessel speed (m/s), vessel
heading (degrees), current speed (m/s), current heading
(degrees), and the location of each of the birds in the horizontal
plane in a vessel {ixed coordinate system.”)

Persons Having Ordinary Skill In The Art at the time of
invention would have recognized that tracking streamer positions
and storing the positions in a legacy database, including the
times during acquisition, was obvious and had been in
widespread industry standard practice since the late 19807s,
Industry standards (such as the so-called UKOOA navigation
database standards) have existed and been used since the early
1990°s. It is also obvious to a Person Having Ordinary Skill In
The Art that streamer positions in such a database can be
repeatedly utilized,

A
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geometry  tracking
for  tacking  the array
geometry  versus  fmme  during @
seismic data  acquisition run  and
storing the array geometry versus
time  in a lepacy  database  for
repeating the arrav geometry versus
time in a subsequent data acquisition
run.

and an
system

arvay

The Hillesund ‘895 application discloses this limitation.

See, e.g. Hillesund ‘895 at p. 18, Paragraph 3, to p. 19,
Paragraph 2 (“The inventive control system will primarily
operate in two different control modes: a feather angle control
mode and a turn control mode. In the feather angle control mode,
the global control system 22 attempts to keep each streamer in a
straight line offset from the towing direction by a certain feather
angle. The feather could be input either manually, through use of
a current meter, or through use of an estimated value based on
the average horizontal bird forces. Only when the crosscurrent
velocity is very small will the feather angle be set to zero and the
desired streamer positions be in precise alignment with the
towing direction.

The turn control mode is used when ending once pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change.” The turn coatrel mode consists of
two phases. In the first part of the turn, every bird 18 tries to
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control
mode. By doing this, a tighter tura can be achieved and the wm
time of the vessel and equipment can be substantially reduced.
Typically during the turn mode adjacent streamers will be depth
separated to avoid possible entanglement during the turn and will
be returned to a common depth as soon as possible after the
completion of the turn, The vessel navigation system will
typically notify the global control system 22 when to start
throwing the streamers 12 out, and when to start straightening
the streamers.

In extreme weather conditions, the inventive control system may
also operate in a streamer separation confrol mode that attempts
to minimize the risk of entanglement of the streamers. In this
control mode, the global control system 22 attempts to maximize
the distance between adjacent streamers. The streamers 12 will
typically be separated in depth and the outermost streamers will
be positioned as far away from each other as possible. The inner

)
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streamers will then be regularly spaced between these outermost
streamers, i.¢. cach bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 18 to the midpoint position between its adjacent
streamers.”™).

Persons Having Ordinary Skill In The Art at the time of
invention would have recognized that wacking the array
geometry and storing the array geometry in a legacy database,
including the times during acquisition, was obvious and had
been in widespread industry standard practice since the late
F9s(Ps,  Industry standards (such as the so-called UKOOA
navigation database standards) have existed and been used since
the early 19907s. It is also obvious to a Person Having Ordinary
Skill In The Art that the arrav geometry in such a database can
be repeatedly utilized.

4. The apparatus of ¢laim 3 wherein
the master controller compares the
positions  of the streamers versus
time and the array geometry versus
time to a desired streamer position
and array geometry versus time and
issues positioning commands to the
ASPDs to maintain the desired
streamer position and array geometry
versus time.

The Hillesund *895 application discloses this limitation,
See Claim 3 Analysis.

See, e¢g. Hillesund *895 at p. 7, Paragraph 2 (“The global
controb system 22 preferably maintains a dynamic model of cach
of the seismic streamers 12 and utilizes the desired and actual
positions of the birds 18 to regularly calculate updated desired
vertical and horizontal forces the birds should impart on the
seismic streamers 12 to move them from their actual positions to
their desired positions.™).

See, ey, Hillesund *895 at p. 18, Paragraph 2 (*The inventive
control system is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 located on the bird 18, The
global control system 22 is tasked with monitoring the positions
of the streamers 12 and providing desired forces or desired
position information to the local control system 36. The local
control system 36 within each bird I8 is responsible for
adjusting the wing splay angle to rotate the bird to the proper
position and for adjusting the wing common angle to produce the
magnitude of total desired force required.”).
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5. The apparatus of claim 4 wherein

the master controlier factors  in
environmental  factors  into  the
positioning commands to
compensaie for enpvironmental

influences on the positioning of the
streamers and the arcay geometry.

The Hillesund 895 application discloses this limitation.
See Claim 4 Analysis.

See, e.g., Hillesund 895 at p. 8, Paragraph | (“The global
control system 22 will typically acquire the following parameters
from the vessel’s navigation system: vessel speed (m/s), vessel
heading (degrees), current speed (m/s), current heading
{degrees), and the location of each of the birds in the horizontal
plane in a vessel fixed coordinate system. Current speed and
heading can also be estimated based on the average forces acting
on the streamers 12 by the birds 18. The global control system
22 will preferably send the tollowing values to the local bird
controller: demanded vertical force, demanded horizontal force,
towing velocity, and crosscurrent velocity.™).

See, e.g., Hillesund "8935 at p. 6, Paragraph 3 (*Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers. To
compensate for these localized current fluctuations, the inventive
control  system utilizes a  distributed processing control
architecture and behavior-predictive model-based control logic
to properly control the streamer positioning devices.”).

6. The apparatus of claim 4 wherein
the master controller compensates

for maneuverability in the
positioning commands to
compensate  for  maneuverability

influences on the positioning of the
streamers and the array geometry.,

The Hiflesund “895 application discloses this limitation,
See Claim 4 Analysis,

See, e.g., Hillesund *895 at p. 7, Paragraph 3 (“The global
comrol system 22 preferably calculates the desired vertical and
horizontal forces based on the behavior of cach streamer and
aiso takes into account the behavior of the complete streamer
array.”).

See, e.g., Hillesund “8935 at p. 8, Paragraph 3 (“The force and
velocity values are delivered by the global contrel system 22 ag
separate  values for each bhird 18 on each streamer 12
continuously during operation of the control system.”),

At the time of the invention it was obvious to a Person Having
Ordinary Skill In The Art at the time of the invention that to
“compensate for maneuverability influences” it would be
necessary to take into account various maneuverability factors,
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including, but not necessartly limited to, cable diameter, array
type, deploved configuration, vessel type, device type, ete. which
are part of the basis for the behavior of the streamers,

See, e.g.. Hitlesund 895 at p. 8, Paragraph 3 ("The force and
velocity values are delivered by the global control system 22 as
separate values for cach bird 18 on c¢ach streamer 12
continuousty during operation of the control system.™”).

10. The apparatus of claim 1 wherein
the array geomefry comprises a
plurality of streamers positioned at a
uniform depth.

The Hillesund “8§95 application discloses this mitation.
See Claim 1 Analysis,

See, c.g., Hillesund 895 at p. 6, Paragraph | (“Preferably the
birds 18 are both vertically and horizontally steerable. These
birds I8 may, for instance, be located at regular intervals along
the streamer, such as every 200 to 400 meters, The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical {depth) and horizontal directions.”)

Persons Having Ordinary Skill in The Art will recognize that
deploying ‘o plurality of streamers at a uniform depth” has been
the most obvicus and common industry practice since the
1980°s.

I, The apparatus of claim |
wherein the  array  geometry
comprises a plurality of streamers
positioned at a plurality of depths
for varying temporal resolution of
the array.

The Hillesund *895 application discloses this limitation.
See Claim | Analysis.

See, e.gz., Hillesund 895 at p. 6, Paragraph | (“Preferably the birds
18 are both vertically and horizontally steerable. These birds 18
may, for instance, be located at regular intervals along the
streamer, such ag every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.”™)

See, e.g., Hillesund ‘895 at p. 19, Paragraph 2 (“In extreme
weather conditions, the inventive control system may also operate
in a streamer separation control mode that aftempts to minimize
the risk of entanglement of the streamers. in this conirol mode, the

9
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global control system 22 attempts to maximize the distance
between adjacent streamers. The streamers 12 will typically be
separated in depth and the outermost streamers will be positioned
as far away from cach other as possible™)

Persons Having Ordinary Skill in The Art will recognize that
deploving ‘a plurality of streamers positioned at a plurality of
depths’ has been obvious and has been selectively atilized in
industry practice since the 1980°s. In addition to other industry
practitioners, a predecessor company of WesternGeco utilized so-
called “over-under™ streamer acquisition selectively since before
the priority date for the ‘038 patent.

13, The apparatus of claim 4
wherein  the  array  geometry s
fracked via satelbite and
comanunicated to the  master
controler.

The Hillesund "893 application and the Kuche “882 patent disclose
this limitation.

See Claim 4 Analysis.

See, e.g, Hillesund ‘895 at p. 6, Paragraph 2 {(*The global control
system 22 is typically connected to the seismic survey vessel’s
navigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity and
current direction and velocity, from the vessel’s navigation
system.™).

See, e.g., Hillesund *893 at p. 7, Paragraph 1 ("Alternatively, or
additionally, satellite-based global positioning system equipment
can be used to determine the positions of the equipment.™),

The Kuche ‘882 patent discloses this limitation of using satellites
to track the streamer array, and communicating the satellite
navigation data along a streamer.

See, e.g., Kuche "882, Col. 1, 1. 3-11 {disclosing an apparatus to
use satellites, specifically global positioning system (“"GPS”), to
track streamer positions).

See, ¢.g., Col. 2, lL. 3-6 and 1. 13-15 (*The drawing shows a buoy
or float 1 at the sea surface and preferably provided with a GPS
receiver JA with an associated antenna 1B so as to serve as a
reference position in a seismic assembly being towed. ... in
particular signal or data transmission between the buoy 1 and the
streamer 47)
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14, A seismic  streamer  array
tracking  amd  positioning  svstem

comprising:

The Hillesund 895 application discloses this limitation.

See, eg, Hillesund 895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined for
this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables.

See, e.g., Hillesund *895 at p. 4, Paragraph titled “Summary of the
Invention™.

a towing vessel for towing a seismic
array;

The Hillesund “895 application discloses this BmHbation,

See, e.g., Hillesund ‘895, Fig. 1. See wfso Hillesund ‘895 at p. 5,
Paragraph 1 {“In Figure 1. a scismic survey vessel 1 is shown
towing eight marine seismic streamers ...7).

a seismic streamer array comprising
a plurality of seismic streamers; an
active streamer positioning device
(ASPD) attached to each seismic

The Hillesund ‘895 application discloses this limitation.

See, e.g., Hillesund 893, Fig. 1. See also Hillesund 895 at p. 5,
Paragraph | (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ... 7).

See, e.g., Hillesund “895 at p. 6, Paragraph | (*Preferably the birds
18 are both vertically and horizontally stecrable. These birds 18
may, for instance, be located at regular intervals along the
streamer, such as every 200 16 400 meters. The vertically and
horizontally stecrable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.”)

streamer for  positioning  cach
seismic streamer;
a  master  controller  for  issuing

vertical and horizontal positioning
commands to each ASPD  for
mainiaining &  specified  array
gemmetry:

The Hillesund ‘895 application discloses this limitation.

See, e.g., Hillesund ‘893 at p. 6, Paragraph 2 (*In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global controi system 22 located
on or near the scismic survey vessel 180 and a local control system
located within or niear the birds 18, The global control system 22
is typically connected to the seismic survey vessel’s navigation
system and obtains estimates of system wide parameters, such as
the vessel’s towing direction and velocity and current direction
and velocity, from the vessel’s navigation system.”),

See, e.g., Hillesund 895 at p. {0, Paragraph 3 ("“During operation
of the streamer positioning control system, the global control
system 22 preferably transmits, at regular intervals (such as every

il

WesternGeco Ex. 2033, pg. 229
IPR2015-00567
ION v WesternGeco




five seconds) a desired horizontal force 42 and a desired vertical
force 44 to the local control system 36.7).

See, e.g., Millesund 895 at p. 1, Paragrapk 2 (“The inventive
control system is based on shared responsibilities hetween the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18. The global control
system 22 is tasked with monitering the positions of the streamers
12 and providing desired forces or desired position information to
the lTocal control system 36. .7},

See, e g.. Hillesund 895 at p, 18, Paragraph 3, to p. 19, Paragraph
2; particularly in regard to the limitation of “specified array
geometry” (“The inventive control svstem will primarily operate
in two different control modes: a feather angle control mode and a
turn control mode. In the feather angle control mode, the global
control system 22 attempts to keep each streamer in a straight line
offset from the towing direction by a certain feather angle ..., The
turn control mode is used when ending one pass and beginning
another pass during a 31 seismic survey, sometimes referred to as
a “line change”. ... Typically during the turn mode adjacent
streamers will be depth separated to avoid possible entanglement
during the turn and will be returned to a comimon depth as soon as
possible atter the completion of the turmn .... In extreme weather
conditions, the inventive control system may also operate in a
streamer separation control mode that attempls (o minimize the
risk of entanglement of the streamers. In this control mode, the
global control system 22 attempts to maximize the distance
between adjacent streamers. The streamers 12 will typically be
separated in depth and the outermost streamers will be positioned
as far away from each other as possible. ...™)

an environmental sensor for sensing
environmental factors which
influence the towed path of the
towed array;

The Hitlesund “895 application discloses this limitation.

See, e.g., Hillesund “895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers.”)

See, e.g., Hillesund ‘895 at p. 8, Paragraph 1 (“The global control
system 22 will typically aequire the following parameters from
the vessel’s navigation system: vessel speed (m/s), vessel heading
{degrees), current speed (m/s), current heading (degrees), and the
tocation of each of the birds in the horizontal planc in a vessel
fixed coordinate system. ...7)

See, e.p. Hillesund ‘895 at p, 8, Paragraph 3 {“The “water-
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referenced” towing velocity and crosscurrent  veloeity could
alternatively be determined using flowmeters or other types of
water velocity sensors attached directly to the birds 18, Although
these types of sensors are typically quite expensive, one advantage
of this type of velocity determination system is that the sensed in-
line and cross-line velocities will be inherently compensated for
the speed and heading of marine currents acting on said streamer
positioning device and for relative movements between the vessel
H) and the bird 18.7).

a tracking system for tracking the
streamer  horizontal  and  vertical
positions time during a
seismic data acquisition run;

VEISUS

The Hillesund 895 application discioses this limitation.

See, e.g., Hillesund 895 at p. 7, Paragraph 2 (“The global control
sysiem 22 preferably maintains a dynamic model of cach of the
seismic streamers 12 and ufilizes the desired and actueal positions
of the birds 18 to regularly calculate updated desired vertical and
horizontal forces the birds should impart on the seismic streamers
12 to move them from their actual posilions to their desired
positions.”).

See, e.g., Hillesund 895 at p. 7, Paragraph | (“In the preferred
embodiment of the present invention, the giobal control system 22
monitors the actual positions of each of the birds .7},

See, e.g., Hillesund “895 at p. 8, Paragraph 1 {"The global control
system 22 will typically acquire the following parameters from the
vessel’s navigation system: vessel speed (m/s), vessel heading
(degrees), current speed (m/s), current heading (degrees), and the
tocation of cach of the birds in the horizontal plane in a vessel
fixed coordinate system.”™)

an array geometry tracking system
for tracking the wray geometry
versus time during a seismic data
acquisition run, wherein the master
controlier compares the vertical and
horizontal positions of the streamers
versus time and the array geometry
versus  time o desired  streamer
positions and array geometry versus
time  and  issues  positioning
commands to the ASPDs (o
mainiain  the  desired  streamer
positions and array geometry versus
time,

The Hillesund “895 application discloses this limitation.

See, e.g., Hillesund ‘895 at p. 7, Paragraph 2 (*The global control
system 22 preferably maintains a dynamic model of each of the
seismic streamers 12 and utilizes the desired and actual positions
of the birds 18 1o regularly calculate updated desired vertical and
horizontal forces the birds should impart on the seismic streamers
12 to move them [rom their actual positions to their desired
positions.”),

See. e.g., Hillesund “895 at p. 18, Paragraph 3, to p. 19, Paragraph
2 particularly in regard to the limitation of “maintain the desired
streamer positions and array geomeiry versus time.” (*The
inventive control system will primarily operate in two different
control modes: a feather angle control mode and a turn control
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maode. In the feather angle control mode, the global control system
22 attempis to keep each streamer in a straight line offset from the
towing direction by a certain feather angle .... The turn control
mode is used when ending one pass and beginning another pass
during a 3D seismic survey, sometimes referred to as a “hine
change.” The turn control mode consists of two phases. In the first
part of the turn, every bhird 18 tries to “throw out” the streamer 12
by generating a force in the opposite direction of the turn. In the
last part of the turn, the birds 18 are directed (o go 1o the position
defined by the feather angle control mode. ... In extreme weather
comditions, the inventive control system may also operate in a
streamer separation control mode that attempts to minimize the
risk of entanglement of the streamers, In this control mode, the
global control system 22 attempts to maximize the distance
between adjacent streamers ...7).

15. The apparatus of claim 14
wherein the master controller factors
in envirommental measurements into

the  positioning commands
compensate  for  eavironmental

influences on the positions of the
streamers and the array geomelry.

The Hillesund *895 application discloses this limitation.
See Claim 14 Analysis.

See, e.g., Hillesund “895 at p. 8, Paragraph | (“The global control
system 22 will typically acquire the foilowing parameters from the
vessel’s pavigation system: vessel speed (m/s), vessel heading
(degrees), current speed (m/s), current heading (degrees), and the
tocation of each of the birds in the horizontal plane in a vessel
fixed coordinate system. Current speed and heading can also be
estimated based on the average forces acting on the streamers 12
by the birds 18. The global control system 22 will preferably send
the following values to the local bird controller: demanded vertical
force, demanded horizontal  force, towing velocity, and
crosscurrent velocity.").

See, e.g., Hillesund "895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers. To compensate
for these localized current fluctuations, the inventive control
system utilizes a distributed processing control architecture and
behavior-predictive model-based control Togic to properly control
the streamer positioning devices.™).

16. The apparatus of claim 14
wherein  the master  controlier
compensates for mancuverability in

the  positioning  commands  to
compensate  for maneuverability

influences on the positioning of the

The Hillesund *893 application discloses this limitation.
See Claim 14 Analysis.

See, e.g., Hillesund *895 at p. 7, Paragraph 3 (*The global control
system 22 preferably calculates the desired vertical and horizontal
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streamers and the array geometry.

forces based on the behavior of each streamer and also takes into
account the behavior of the complete streamer array.”).

A Person Having Ordinary Skill In The Art at the time of the
invention would find this imitation to be inherent in the invention.
To “compensate for maneuverability influences™ it would be
necessary to fake into account various maneuverability factors,
including, but not necessarily limited to, cable diameter, amray
tvpe, deploved configuration, vessel type, device type, ete. which
are part of the basis for the behavior of the streamers.

See, e.g., Hillesund ‘895 at p. 8, Paragraph 3 (“The force and
velocity values are delivered by the global control system 22 as
separate values for each bird 18 on each streamer 12 continuously
during operation of the controf system.”).

At the time of the invention it was obvious 1o a Person Having
Ordinary Skill In The Art at the time of the invention that to
“compensate  for maneuverability influences”™ it would be
necessary to take into account various maneuverability factors,
incuding, but not necessarily limited to, cabie diameter, array
type, deployed configuration, vessel type, device type, ete. which
are part of the basis for the behavior of the streamers.

(7. The apparatus ol chlim 14
further comprising: a monitor for
determining  the  status of  each
streamer,  wherein the
controller adjusts the array geometry
10 comnpensate tor a faded streamer,

masier

The Hillesund ‘895 application discloses this limitation.

A Person Having Ordinary Skili In The Art will recognize that it
was obvious common practice at the time of the invention o
monitor the status of cach streamer. They will also recognize that
it was obvious common practice to compensate for failed
streamers to the maximum extent that towing capabilities of a
given vessel allowed.

20, A seismic  streamer  array
tracking and positioning  systern
comprising:

The Hillesund *895 application discloses this limitation.

See, e.g., Hillesund ‘895 generally, which discioses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined for
this array, and positions are controlled by scismic streamer
positioning devices attached to the streamer cables.

See, e.g., Hillesund *895 at p. 4, Paragraph titled “Summary of the
Invention.”
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a towing vessel for towing a seismic
array;

The Hillesund *8935 application discloses this limitation,

See, e.g., Hillesund ‘895, Fig. 1. See afso Hillesund “895 at p. 5,
Paragraph © ¢“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7").

fd

a seismic streamer atray comprising
a plurality of seismic streamers;

The Hillesund *895 appiication discloses this limitation,

See, e.g., Hillesund ‘895, Fig, . See afso Hillesund ‘895 at p. §,
Paragraph 1 (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ,..7).

an  active  streamer  posilioning
device {(ASPD)Y attached io each
seismic streamer for vertically and

horizontally positioning each
seismic  streamer relative to  the
array,

The Hillesund *893 application discloses this limitation.

See, e.g.. Hillesund ‘8935 at p. 6, Paragraph | (“Preferably the birds
18 are both vertically and horizontally steerable. These birds 18
may, for instance, be located at regular intervals along the
streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.”)

See, e.g., Hillesund 895 at p. I8, Paragraph 3, to p. 19, Paragraph
2 particularly in regard to the limitation of “positioning ecach
seismic streamer refative to the array”™. {"The inventive control
systemn will primarily operate in two different control modes: a
feather angle control mode and a turn control mode. In the feather
angle control mode, the global control system 22 attempts to keep
each streamer in a straight line offset from the towing direction by
a certain feather angle .... The turn control mode is used when
ending one pass and beginning another pass during a 3D seismic
survey, sometimes referred to as a “line change”. The turn control
mode consists of two phases. In the first part of the turn, every
bird 18 tries to “throw out” the streamer 12 by generating a force
in the opposite direction of the turn. In the last part of the turn, the
birds 18 are directed 1o go to the position defined by the feather
angle control mode.... In extreme weather conditions, the
inventive conirol system may also operate in a streamer separation
control mode that attempis to minimize the risk of entanglement
of the streamers. In this control mode, the global control system
22 attempts to maximize the distance between adjacent streamers.
The streamers 12 will typically be separated in depth ...7).

The 038 patent discloses that this Hmitation was well known 1o
one skilled in the art prior to and at the time of the invention.
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See, e.g., ‘038 patent, Col. 1, H. 25-56 (discussing the known prior
art including attaching control apparatuses to selsmic streamers to
position streamersh.

and a master controller for issuing
positioning  commands  to each
ASPD for maintaining a specified
array path.

The Hillesund ‘895 application discloses this imitation.

See, e.g., Hillesund “895 at p. 6, Paragraph 2 (“In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global control system 22 located
on or near the seismic survey vessel 10 and a local control system
focated within or near the birds .7

See, e.g., Hillesund 895 at p. 10, Paragraph 3 (“During operation
of the streamer positioning control system, the giobal control
system 22 preferably fransmits, at regular intervals (such as every
five seconds) a desired horizontal force 42 and a desired vertical
force 44 to the focal controf system 36.7).

See, e.p., Hillesund ‘895 at p. 18, Paragraph 2 (*The inventive
control system is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird [8. The global control
svstem 22 is tasked with monitoring the positions of the streamers
12 and providing desired forees or desired position information to
the focal control svstem 36, The local contrel svstem 36 within
each bird 18 is responsible for adjusting the wing splay angle to
rotate the bird to the proper position and for adjusting the wing
common angle to produce the magnitude of total desired force
required.”}.

See, e.g., Hillesund *895 at p. 18, Paragraph 3, to p. 19, Paragraph
2; particularly in regard to the limitation of “specified array path”
(“The inventive control system will primarily operate in two
different control modes: a feather angle control mode and a turn
control mode. In the feather angle control mode, the global control
system 22 attempis to keep each streamer in a straight line offset
from the towing direction by a certain feather angle ...

The wrn control mode is used when ending one pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change.” The turn control mode consists of
two phases. In the first part of the turn, every bird 18 tries to
“throw oul” the streamer 12 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control
mode. ... In extreme weather conditions, the inventive control
systemy may also operate in a streamer separation control mode

17

WesternGeco Ex. 2033, pg. 235
IPR2015-00567
ION v WesternGeco




that attempts o minimize the risk of entanglement of the
streamers. In this control mode, the global control system 22
attempts to maximize the distance between adjacent streamers.
The streamers [2 will tvpically be separated in depth and the
outermost streamers will be positioned as far away from each
other as possible. The inner streamers will then be regularly
spaced between these outermost streamers, i.e. each bird 18 will
receive desired horizontal forces 42 or desired horizontal position
information that will direct the bird {8 to the midpoint position
between its adjacent streamers.”).

21, The apparatus of claim 20
wherein the master controller issues
positioning commands to the towing
vessel for maintaining a specified
array path.

The Hillesund 895 application discloses this limitation,
See Claim 20 Analysis,

See, e.g., Hillesund *895 at p. 6, Paragraph 2 (*The global control
system 22 is typically connected to the seismic survey vessel’s
navigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity and
current direction and velocity, from the vessel’s navigation
system.”)

In addition, Persons Having Ordinary Skill In The Art will readily
recognize that the seismic survey vessel’s navigation system is
typically utilized to steer the vessel in routine seismic acgquisition

[

operations {“auto-pifot™).

22, The apparatus of claim 20

further comprising:

The Hillesund *895 application discloses this limitation.

See Claim 20 Analysis.

a processor  for  caleulating  am
optimal path for the seismic array
for optimal coverage during seismic
data acquisition over a seismic field;

The Hillesund *8935 application discloses this limitation.
See Claim 20 Analysis,
See, e.g., Hillesund “895, Fig 4.

See, e.g., Hillesund ‘895 at p. 6, Paragraph 3 (“To compensate for
these focalized current fluctuations, the inventive control system
atilizes a distributed processing control architecture and behavior-
predictive maodel-hased control logic to properly control the
streamer positioning devices.”).

A Person Having Ordinary Skill In The Art wiil recognize that
calculating an “optimal path for the seismic array for optimal
coverage” has been obvious common commercial practice since
before the priority date of the "038 patent. Commercial software
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for this calculation was available.

behavior
which predicts

prediction
array

a streamer
processor
hehavior;

The Hillesund ‘895 application discloses this Himitation.

See, ez, Hillesund '895 at p. 6, Paragraph 3 (“To compensate for
these localized current fluctuations, the inventive control system
utilizes a distributed processing control architecture and behavior-
predictive model-based control logic to properly control the
streamer positioning devices.”).

and wherein the master controller
compensates for predicted streamer
behavior in  issuing vertical and
horizontal positioning commands to
the towing vessel and the ASPDs for
positioning the array along the
optimal path.

The Hillesund ‘895 application discloses this Hmitation.

See, e.g., Hillesund 895 at p. 6, Paragraph 3 ("To compensate for
these tocalized current fluctuations, the inventive control system
utilizes a distributed processing control architecture and behavior-
predictive modcel-based control logic to properly control the
streamer positioning devices.”).

At the time of the invention of the “038 patent, a Person Having
Ordinary Skill In The Art would have found it obvious to position
the array along the optimal path, using various technologies
inciuding neural-networks and behavior-predictive model hased
control logie.

23, The apparatus of claim 22
wherein  the  master  controller
compensates  for  environmental
factors in the positioning
commands,

The Hillesund ‘895 application discloses this limitation.
See Claim 22 Analysis.

See, e.g.. Hillesund 8935 at p. 8, Paragraph | (“The global control
svstem 22 will typicaliy acquire the following parameters from the
vessel’s navigation system: vessel speed (m/s), vessel heading
(degrees), current speed (m/s), current heading (degrees), and the
location of each of the birds in the horizontal plane in a vessel
fixed coordinate system. Current speed and heading can also be
estimated based on the average forces acting on the streamers 12
by the birds 18. The global control system 22 will preferably send
the following values to the local bird controller: demanded vertical
force, demanded  horizomtal  force, towing  velocity, and
crosscurrent velocity.”),

See, c.g.. Hillesund *895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers. To compensate
for these localized current fluctuations, the inventive control
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system utilizes a distributed processing control architecture and
behavior-predictive model-based control logic to properly control
the streamer positioning devices.”).

The Hillesund ‘895 application discloses this limitation.
See Claim 23 Analysis,

See, e.g.. Hitlesund ‘895 at p. 7, Paragraph 3 (“The global control
system 22 preferably calculates the desired vertical and horizontal
forces based on the behavior of each streamer and also takes into
account the behavior of the complete streamer array.”).

This limitation is inherent. It would be necessary to take into
account some mancuverability factors such as cable diameter,
array type, deploved configuration which are part of the basis for
the behavior of the streamers to be able to implement the
invention of Claim 23,

See, e, Hillesund ‘895 at p. §, Paragraph 3 (*The force and
velocity values are delivered by the global control system 22 as
separate values for cach bird 18 on each streamer 12 continuously
during operation of the control svstem.™),

At the time of the invention it was obvious to a Person Having
Ordinary Skill In The Art at the time of the invention that to
“compensate  for maneuverability influences”™ it would be
necessary to lake into account various maneuverability factors,
including, but not necessarily limited to, cable diameter, array
type, deployed configuration, vessel type, device type, etc. which
are part of the basis for the behavior of the streamers.

24, The apparatus of claim 23
wherein  the  master  controller
compensates  for  maneuyerability
factors in the positicning
commands,

25, A seismic  streamer  array
tracking and positioning  system
comprising:

The Hillesund ‘895 application discloses this limitation.

See, eg., Hillesund ‘895 generully, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
olurality of seismic streamers. Actual positions are determined for
this array, and posilions are controfled by seismic streamer
positioning devices attached to the streamer cables.

See, e.g., Hillesund '895 at p. 4, Paragraph titled “Summary of the
[nvention.”

a towing vessel for towing a seismic
array;

The Hillesund *895 application discloses this Himitation.

See, e.g., Hillesund 895, Fig. 1. See w/so Hillesund *895 at p. 5,

Paragraph | (“In Figure 1, a seismic survey vessel 10 1s shown
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towing etght marine seismic streamers ...7).

a seismic streamer array cComprising
a plurality of seismic streamers;

The Hillesund *895 application discloses this imitation.

See, e.g., Hillesund 895, Fig. 1. See afso Hillesund “895 at p. 5,
Paragraph [ (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7).

an active  streamer  positioning
device {ASPD) attached to each
seismic streamer for vertically and

horizontally positioning each
seismic  streamer  relative to the
array;

The Hillesund *895 application discloses this limitation.

See, e.g., Hillesund *895 at p. 6, Paragraph | (“Preferably the birds
I8 are both vertically and horizontally steerable. These birds 18
may, for instance, be located at regular intervals along the
streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.™)

See, e.g., Hillesund ‘895 at p. 18, Paragraph 3, to p. 19, Paragraph
2 particularly in regard to ‘relative” positioning of streamers (*“The
inventive control system will primarily operate in two different
control modes: a feather angle control mode and a turn control
maode. In the feather angle control mode, the global control system
22 attempis to keep cach streamer in a straight line offset from the
towing direction by a certain feather angle ..., The tura control
mode is used when ending one pass and beginning another pass
during a 3D seismic survey, sometimes referred to as a “line
change”. The turn control mode consists of two phases. In the first
part of the turn, every bird 18 tries to “throw out” the streamer 12
by generating a force in the opposite direction of the turn. In the
last part of the turn, the birds 18 are directed to go to the position
defined by the feather angle control mode. By doing this, a tighter
turn can be achieved and the turn time of the vessel and equipment
can be substantially reduced. Typically during the turn mode
adjacent streamers will be depth separated to avoid possible
entanglement during the turn and will be returned to a common
depth as soon as possibie after the completion of the turn ... In
extreme weather conditions, the inventive controf system may also
operate in a streamer separation conirol mode that attempts to
minimize the risk of entanglement of the streamers. In this control
mode, the global control system 22 attempts to maximize the
distance between adjacent streamers. The streamers 12 will
tyvpically be separated in depth and the outermost streamers will be
positioned as far away from ecach other as possible. The inner
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streamers will then be regularty spaced between these outermost
streamers, Le. each bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 8 1o the midpoint position between its adjacent streamers.”™).

The ‘038 patent discloses that this Hmitation was well known to
one skitled in the art prior to and at the time of the invention.

See, e.g.. “038 patent, Col. I, I, 25-56 (discussing the known prior
art including attaching control apparatuses to seismic streamers o
position streamers),

a master controler for issuing
positioning  commands  to each
ASPD and to the towing vessel for
maintaining  an optimal  path,
wherein the master controller further
cOmprises a processor for
calculating an optimal path for the
seismic array for optimal coverage
during seismic data acquisition over
a seismic field, and a  streamer
behavior prediction processor which
predicts array behavior, wherein the
master controller compensates for
predicted  streamer  behavior  in
issuing positioning commands to the
towing vessel and the ASPDs for
positioning  the array along the
optimal path, wherein the master
controller compensates for
ceavironmental and mancuverability
factors i the positioning
commands.

The Hillesund ‘893 application discloses this limitation.

See. e.g. Hillesund ‘895 at p. 6, Paragraph 2 (*In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global control system 22 focated
on or near the seismic survey vessel 10 and a local control system
tocated within or near the birds 18. The global control system 22
is typically connected to the seismic survey vessel’s navigation
systein and obtains estimates of system wide parameters, such as
the vessel’s towing direction and velocity and current direction
and velocity, from the vessel’s navigation system.”).

See, e.g., Hillesund ‘895 at p. 10, Paragraph 3 ("During operation
of the streamer positioning control system, the global control
system 22 preferably transmits, at regular intervals (such as every
five seconds) a desived horizontal force 42 and a desired vertical
torce 44 to the local control system 36.7).

See, e.g., Hillesund ‘895 at p. 18, Paragraph 2 (“The inventive
control system is based on shared responsibilities between the
global control svstem 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18, The global control
system 22 15 tasked with monitoring the positions of the streamers

2 and providing desired forces or desired position information to
the local control svstem 36. The local control sysiem 36 within
each bird 18 is responsible for adjusting the wing splay angle to
rotate the bird to the proper position and for adjusting the wing
commeon angle to produce the magnitude of total desired force
reguired.”).

See, e.g., Hillesund "895 at p. I8, Paragraph 3, to p. 19, Paragraph
2 ("The inventive control system will primarily operate in two
different control modes: a feather angle control mode and a turn
control mode. In the feather angle control mode, the global control
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system 22 attempts 10 keep each streamer in a straight line offset
from the towing dircction by a certain feather angle ... The tumn
control mode is used when ending one pass and beginning another
pass during a 3D seismic survey, sometimes referred to as a “line
change.” The wrn control mode consists of two phases. In the first
part of the turn, every bird 18 tries to “throw out” the streamer 12
by generating a force in the opposite direction of the turn. In the
last part of the turn, the birds 18 are directed to go to the position
defined by the feather angle contro} mode. By doing this, a tighter
turn can be achieved and the tum time of the vessel and equipment
can be substantially reduced. Typically during the turn mode
adjacent streamers will be depth separated to avoid possible
entanglement duering the turn and will be returned to a common
depth as soon as possible after the completion of the turn ... In
extreme weather conditions, the inventive control system may also
operate in a streamer scparation control mode that atiempts to
minimize the risk of entanglement of the streamers. In this control
maode, the global control system 22 attempts to maximize the
distance between adjacent streamers, The streamers 12 will
typically be separated in depth and the outermost streamers will be
positioned as far away from cach other as possible. The mer
streamers will then be regularly spaced between these outermost
streamers, i.e. each bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 18 to the midpoint position between its adjacent streamers.”).

See, e.g., Hillesund ‘895 at p. 8, Paragraph | (*The global control
system 22 will typically acquire the following parameters from the
vessel’s navigation system: vessel speed (m/s), vessel heading
(degrees), current speed {m/s), current heading (degrees}, and the
location of each of the birds in the horizontal plane in a vessel
fixed coordinate system. Current speed and heading can also be
estimated based on the average forces acting on the streamers 12
by the birds 18, The global control system 22 will preferably send
the following values to the local bird controller: demanded vertical
force, demanded Thorizontal  force, towing wvelocity, and
crosscurrent velocity.”).

See, e.g.. Hillesund ‘895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers. To compensate
for these localized current fluctuations, the inventive conirol
system utilizes a distributed processing control architecture and
behavior-predictive model-based control logic to properly control
the streamer positioning devices.”).
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See. e.g., Hitlesund ‘895 at p. 7. Paragraph 3 (*The global control
system 22 preferably calculates the desired vertical and horizontal
forces based on the behavior of each streamer and also takes into
account the behavior of the complete streamer array.”),

A Person Having Ordinary Skill In The Art at the time of the ‘038
invention would have recognized that calculating an “optimal path
for the seismic array for optimal coverage” was obvious common
commercial practice. TON predecessor companies, among others,
offered commercial software for this caleulation at this thime,

26, A method for tracking and
positioning a seismic streamer array
comprising:

The Hillesund “895 application discloses this limitation.

See, c.g., Hillesund ‘895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined for
this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables,

See, e.g., Hillesund ‘895 at p. 4, Paragraph titled “Summary of the
Invention.”

for towing & seismic  aray
comprising a plurality of seismic

streamers;

The Hillesund *895 application discloses this limitation.

See, e.g.. Hillesund *895, Fig. 1. See¢ afso Hillesund 895 at p. 3,
Paragraph | (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ... 7L

aftaching an  active  streamer
positioning  device (ASPD} each

seismic streamer for positioning the
seismic streamer relative w other
seismic streamers within the array;

The Hillesund *893 application discloses this limitation.

See, e.g., Hillesund 895 at p. 6, Paragraph 1 (“Preferably the birds
18 are both vertically and horizontally steerable. These birds I8
may, for instance, be located at regular intervals along the
streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds [8 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.”)

See, e.g.. Hillesund “895 at p. |8, Paragraph 3, to p. 19, Paragraph
2 particularly in regard to ‘relative’ positioning of streamers (“The
inventive control system will primarily operate in two different
control modes: a feather angle control mode and a turn control
mode. In the feather angle control mode, the global control system
22 attempts to keep each streamer in a straight line offset from the
towing direction by a certain feather angle ... The turn control
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mode is used when ending one pass and beginning another pass
during a 3D seismic survey, sometimes referred to as a “line
change.” The turn control mode consists of two phases. In the first
part of the turn, every bird 18 tries to “throw out” the streamer 12
by generating a force in the opposite direction of the turn. In the
last part of the turn, the birds I8 are directed to go to the position
defined by the feather angle control mode. By doing this, a tighter
turn can be achieved and the turn titme of the vessel and equipment
can be substantially reduced. Typically during the turn mode
adjacent streamers will be depth separated to avoid possible
entanglement during the twrn and will be returned to a common
depth as spon as possible after the completion of the turn .. In
extreme weather conditions, the inventive control system may also
operate in a streamer separation control mode that attempts to
minimize the risk of entanglement of the streamers. In this control
mode, the global conirol system 22 attempts to maximize the
distance between adjacent streamers. The streamers 12 will
typically be separated in depth and the outermost streamers will be
positioned as far away from each other as possible. The inner
streamers will then be regularly spaced between these outermost
streamers, 1.e. cach bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 18 to the midpoint position between its adjacent streamers.”).

The 038 patent discloses that this Hmitation was well known to
one skilled in the art prior to and at the time of the invention.

See, ez, ‘038 patent, Col. 1, 1. 25-56 (discussing the known prior
art including attaching control apparatuses to seismic streamers {0
position streamers).

and issuing vertical and horizontal
positioning commands to  each
ASPD for maintaining a specified
array geometry.

The Hillesund 895 application discloses this Himitation,

See, e.g., Hillesund 895 at p. 18, Paragraph 3, to p. 19, Paragraph
2; particularly in regard to the limiation of “specified array
geometry” (“The inventive control system will primarily operate
in two different control modes: a feather angle contrel mode and a
turn control mode. In the feather angle control mode, the global
control system 22 attempts to keep each streamer 1n a straight line
offset from the towing direction by a certain feather angle ... The
turn control mode is used when ending onc pass and beginning
another pass during a 30 seismic survey, sometimes referred to as
a “line change.” The turn control mode consists of two phases. In
the first part of the turn, every bird I8 tries to “throw out” the
streamer 12 by generating a force in the opposite direction of the
turn, ... In extreme weather conditions, the inventive control
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system may also operate in a streamer separation control mode
that attempts to minimize the risk of entanglement of the
streamers. In this control mode, the global control system 22
attempts to maximize the distance between adjacent streamers.
The streamers 12 will typically be separated in depth and the
outermost streamers will be positioned as far away from each
other as possible. The inner streamers will then be regularly
spaced between these outermost streamers, i.e. each bird 18 will
receive desired horizontal forces 42 or desired horizontal position
information that will direct the bird 18 to the midpoint position
between its adiacent streamers.”).

27. The method of claim 26 further
comprising: providing an
environmental sensor for scnsing
environmental factors which
influence the path of the towed
array.

The Hillesund “893 application discloses this limitation,

See, ¢.g., Hillesund *895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers.

See, e.g., Hillesund ‘895 at p. 8, Paragraph 1 (“The global control
system 22 will typically acquire the following parameters from the
vessel’s pavigation system: vessel speed (m/s), vessel heading
(degrees), current speed (m/s), current heading (degrees), and the
location of each of the birds in the horizontal plane in a vessel
fixed coordinate system. Current speed and heading can also be
estimated based on the average forces acting on the streamers 12
by the birds 18. The global control system 22 will preferably send
the folowing values to the local bird controiler: demanded vertical
force, demanded horizontal force, towing velocity, and
crosscurrent velocity.”).

Sce, e.g., Hillesund 895 at p. 8, Paragraph 3 (*The “water-
referenced” towing velocity and crosscurrent velocity could
alternatively be determined using flowmeters or other types of
water velocity sensors attached directly to the birds 18. Although
these types of sensors are typically guite expensive, one advantage
of this type of velocity determination system is that the sensed in-
line and cross-line velocities will be inherently compensated for
the speed and heading of marine currents acting on said streamer
positioning device and for relative movements between the vessel
1) and the bird 18.7).

28. The method of claim 26 further
comprising: providing a tracking
system  for wacking the streamer
positions  versus time during a
setsmic data acquisition run and

The Hillesund 895 application discloses this limitation.
See Claim 26 Analysis.

See, e.g., Hillesund 895 at p. 7. Paragraph 2 (“The global control
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storing the positions versus time in a
legacy database for repeating the
positions  versus  time  in a
subsequent data acguisition; and
providing an  array  geometry
tracking system for tracking the
array geomelry versus time during a
seismic data acquisition run  and
storing the array geometry  versus
time in a legacy database for
repeating the array geometry versus
time in a subsequent data acquisition
run.

system 22 preferably maintains a dynamic model of each of the
seismic streamers 12 and uttlizes the desired and actual positions
of the birds 18 to regularly calculate updated desired vertical and
horizontal forces the birds should impart on the seismic streamers
12 to move them from their actual positions to their desired
positions.” ).

See, e.g., Hillesund ‘895 at p. 7, Paragraph | ("In the preferred
embodiment of the present invention, the global control system 22
monitors the actual positions of each of the birds 18 and is
programmed with the desired positions of or the desired mintmum
separations between the seismic streamers 12.7).

See, e.g., Hillesund ‘895 at p. &, Paragraph 1 (“The global control
system 22 will typically acquire the following parameters from the
vessel’s navigation system: vessel speed (m/s), vessel heading
{degrees), current speed {(m/s), current heading (degrees), and the
location of each of the birds in the horizontal plane in a vessel
fixed coordinate system.™)

In regard to “array geometry tracking system,” see, e.g., Hillesund
‘895 at p. 18, Paragraph 3 to p. 19, Paragraph 2 (“The inventive
control system will primarily operate in two different control
modes: a feather angle control mode and a turn control mode. In
the feather angle controi mode, the global control system 22
attempts to keep each streamer in a straight line offset from the
towing direction by a certain feather angle. The feather could be
input either manually, through use of a current meter, or through
use of an estimated value based on the average horizontal bird
forces, Only when the crosscurrent velocity is very small will the
feather angle be set 1o zero and the desired streamer positions be
in precise alignment with the towing direction.

The turn control mode is used when ending one pass and
beginning another pass during a 3D seismic survey, sometimes
referred to as a “line change”. The turn control mode consists of
two phases. In the first part of the turn, every bird 18 tries to
“throw out” the streamer 12 by generating a force in the opposite
direction of the turn. In the last part of the turn, the birds 18 are
directed to go to the position defined by the feather angle control
mode. By doing this, a tighter turn can be achieved and the turn
time of the vessel and equipment can be substantially reduced.
Typically during the turn mode adjacent streamers will be depth
separated to avoid possible entanglement during the turn and will
be returned to a common depth as soon as possible after the
completion of the turn. The vessel navigation system will typically
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notify the global control system 22 when to start throwing the
streamers |2 out, and when to start straightening the streamers.

In extreme weather conditions, the inventive control system may
also operate in a streamer separation contral mode that aitempts to
minimize the risk of entanglement of the streamers. In this control
mode, the global control system 22 atiempts to maximize the
distance between adjacent streamers. The streamers 12 will
typicatly be separated in depth and the outermost streamers will be
positioned as far away from each other as possible. The inner
streamers will then be regularly spaced between these outermost
sireamers, i.e. each bird 18 will receive desired horizontal forces
42 or desired horizontal position information that will direct the
bird 18 to the midpoint position between its adjacent streamers.”).

Persons Having Ordinary Skill In The Art at the time of invention
would have recognized that tracking streamer positions and
storing the positions in a legacy database, including the times
during acquisition, was obvious and had been in widespread
industry standard practice since the late 1980°s.  Industry
standards (such as the so-called UKOOA navigation database
standards) have existed and been used since the carly 19907s. It is
also obvious to a Person Having Ordinary Skill In The Art that
streamer positions in such a database can be repeatedly utilized.

29, The method of claim 28 wherein
the master controlier compares the
positions of the streamers versus
time and the array geometry versus
time to a desired streamer position
and array geometry versus time and
issues positioning commands to the

ASPDs to maintain the desired
streamer  position  and  array

geomeltry versus time.

The Hillesund “895 application discloses this limitation,
See Claim 28 Analysis.

See, e.g., Hillesund ‘895 at p. 7, Paragraph 2 {(“The global control
system 22 preferably maintains a dynamic model of each of the
seismic streamers 12 and utilizes the desired and actual positions
of the birds I8 to regulariy calculate updated desired vertical and
horizontal forces the birds should impart on the seismic streamers
12 to move them from their actual positions to their desired
positions.”).

See, e.g., Hillesund 895 at p. 18, Paragraph 2 (“The global control
system 22 is tasked with monitoring the positions of the streamers
12 and providing desired forces or desired position information to
the local control system 36. The local control system 36 within
cach bird 18 is responsible for adjusting the wing splay angle to
rotate the bird to the proper position and for adjusting the wing
common angle to produce the magnitude of total desired force
required.”).
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30. The method of ciaim 29 wherein

the master controller  factors  in
cavironmental  factors  into the
positioning commands to
compensate  for  environmental

influences on the positioning of the
streamers and the array geometry.

The Hillesund “895 application discloses this limitation.
See Claim 29 Analysis,

See, e.g., Hillesund ‘895 at p. 8, Paragraph | (*The global control
system 22 will typically acquire the following parameters from the
vessel’s navigation system: vessel speed (m/s), vessel heading
{degrees), current speed {m/s), current heading (degrees), and the
location of each of the birds in the horizontal plane in a vessel
fixed coordinate system, Current speed and heading can also be
estimated based on the average forces acting on the streamers 12
by the birds 18. The global control system 22 will preferably send
the following values to the focal bird controller: demanded vertical
force, demanded horizontal force, towing velocity, and
crosscurrent velocity.™).

See, e.g., Hillesund “895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers. To compensate
for these localized current fluctuations, the inventive control
system utilizes a distributed processing control architecture and
behavior-predictive model-based control logic to properly control
the streamer positioning devices.”).

31, The method of claim 30 wherein
the master controller compensates

for  manecuverability in the
positioning commands to
compensate  for maneuverability

influences on the positioning of the
streamers and the array geometry.

The Hillesund *895 application discloses this limitation,
See Claim 30 Analysis.

See, e.g., Hillesund 895 at p. 7, Paragraph 3 (“The global control
system 22 preferably calculates the desired vertical and horizontal
forces based on the behavior of each streamer and also takes into
account the behavior of the complete streamer array.”).

A Person Having Ordinary Skill In The Art at the time of the
invention would find this limitation to be inherent in the invention.
To “compensate for maneuverability influences” it would be
necessary to take into account various maneuverability factors,
including, but not necessarily limited to, cable diameter, array
type, deployed configuration, vessel type, device type, etc. which
are part of the basis for the behavior of the streamers.

See, e.g., Hillesund ‘895 at p. 8, Paragraph 3 (“The force and
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velocity values are delivered by the global conurol system 22 as
separate values for each bird 18 on cach streamer 12 continuously
during operation of the control system.”).

At the time of the invention il was obvious to a Person Having
Ordinary Skill In The Art at the time of the invention that to
“compensate  for maneuverability influences”™ it would be
necessary (o take into account various maneuverability factors,
including, but not necessarily limited to, cable diameter, array
type, deploved configuration, vessel type, device type, ete. which
are part of the basis for the behavior of the streamers.

32, The method of claim 26 further
comprising: providing a monitor for
determining  the stalus  of each
streamer,  wherein the  master
controtler adjusts the arrav geometry
to compensate for a failed streamer.

Person Having Ordinary Skill In The Art will recognize that it was
obvious cominon practice at the time of the invention (o monitor
the status of each streamer. They will also recognize that it was
obvious common practice to compensate for failed streamers to
the maximum extent that towing capabilitics of a given vessel
allowed.

35. The method of claim 26 wherein
the array geometry comprises a
plurality of streamers positioned at a
uniform depth.

The Hillesund “893 application discloses this Hmitation.
See Claim 26 Analysis.

See, e.g., Hilesund 895 at p. 6, Paragraph | (“Preterably the birds
18 are both vertically and horizontally steerable. These birds 18
may, for instance, be located at regular intervals along the
streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 1¥ can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 20 in both the vertical {depth) and horizontal directions.™)

Persons Having Ordinary Skill in The Art will recognize that
deploying ‘a plurality of streamers at a uniform depth’ has been
the most obvious and common industry practice since the 1980°7s.

36. The method of claim 26 wherein
the array geometry comprises a
plurality of streamers positioned at a
plurality  of depths for varying
temporal resolution of the array.

The Hillesund *895 application discloses this Hmitation,
See Claim 26 Analysis.

See, e.g., Hillesund *895 at p. 6, Paragraph | (“Preferably the birds
18 are both vertically and horizontally steerable. These birds 18
may, for instance, be located at regular intervals along the
streamer, such as every 200 to 400 meters, The vertically and
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horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer 12 between the deflector 16 and the tail
buoy 240 in bath the vertical (depth) and horizontal directions.™)

See, eg., Hillesund “895 at p. 19, Paragraph 2 (“In exireme
weather conditions, the inventive control system may also operate
in a streamer separation control mode that attempts to minimize
the risk of entangicment of the streamers. In this control mode, the
global control system 22 attempts to maximize the distance
between adjacent streamers. The streamers 12 will typically be
separated in depth and the outermost streamers will be positioned
as far away from each other as possible™)

Persons Having Ordinary Skill in The Art will recognize that
deploying “a plurality of streamers positioned at a plurality of
depths” has been obvicus and has been selectively utilized in
industry practice since the 1980%s. In addition to other industry
practitioners, a predecessor company of WesternGeco utilized so-
called “over-under” streamer acquisition selectively since before
the priority date for the *038 patent.

38, The method of claim 29 wherein
the array geometry is tracked via
satellite and communicated to the
master controller.

The Hillesund *895 application and the Kuche “882 patent disclose
this Himitation.

See, e.g.. Hillesund 895 at p. 7, Paragraph 1 (“Alternatively, or
additionally, satellite-based global positioning system eguipment

can be used to determine the positions of the equipment.”).

See, e.g., Hillesund "895 at p. 6, Paragraph 2 ("The global control
system 22 is typically connected to the seismic survey vessel’s
navigation system and obtains estimates of system  wide
parameters, such as the vessel's towing direction and velocity and
current direction and velocity, from the vessel’s navigation
systent.').

The Kuche *882 patent discloses this limitation of using satellites
to track the streamer array, and communicating the satellite
navigation data along a streamer.

See, e.g., Kuche ‘882, Col. 1, {l. 311 {disclosing an apparatus to
use satellites, specificaly global positioning system {“GPS”™), to
track steeamer positions)

See, e.g., Col. 2, IL. 3-6 and 1. 13-15 (“The drawing shows a buoy
or float 1 at the sea surface and preferably provided with a GPS
receiver 1A with an associated anienna 1B so as to serve as a
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reference position i a seismic assembly being towed. ... in
particubar signal or data transmission between the buoy | and the
streamer 47)

See, e.g., Kuche "882, Col. 1, H. 3-11 (disclosing an apparatus to
use sateliites, specifically global positioning svstem (“GPS™), to
track streamer positions; further, see, e.g., Col. 2, 1L 13-15(* ... in
particular signal or data transmission between the [GPS satellite
navigation} buoy | and the streamer 47)

39, A method for tracking and
positioning a seismic streamer array
comprising:

The Hillesund ‘8935 application discloses this limitation.

See, e.g., Hillesund “895 generallyv, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined for
this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables.

See, e.g.. Hillesund *895 at p. 4, Paragraph titled “Summary of the
Invention.”

towing a seismic array comprising a
plurafity of seismic streamers from a
towing vessel;

The Hillesund ‘895 application discloses this limitation.

See, c.g., Hillesund 895, Fig. t. See also Hillesund ‘895 at p. 5,
Paragraph | ("In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ... 7).

See, e.g., Hillesund 895, Fig. 1. See also HHillesund “893 at p. 5,
Paragraph 1 (“In Figure 1, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7).

attaching  an  active  streamer
positioning device {ASPD) to each
seismic  streamer for positioning
each seismic streamer

The Hitlesund *895 application discloses this limitation,

See, e.g., Hillesund 895 at p. 6, Paragraph | (“Preferably the birds
18 are both vertically and horizontaily steerable. These birds 18
may, for instance, be located at regular intervals along the
streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds {8 can be used to constrain the shape
of the seismic streamer [2 between the deflector 16 and the tail
buoy 20 in both the vertical (depth) and horizontal directions.™)

See, e.g.. Hillesund *895 at p. 18, Paragraph 3, to p. 19, Paragraph
2 particularly in regard o “positioning” of streamers (“The
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inveniive control system will primarily operate in two different
control modes: & feather angle control mode and a turn control
mode. ...7)

In extreme weather conditions, the inventive control system may
also operate in a streamer separation control mode that attempts to
minimize the risk of entanglement of the streamers. 7).

The 038 patent discloses that this limitation was well known to
one skilled in the art prior to and at the time of the invention.

See, e g.. ‘038 patent, Col. 1, H. 25-56 (discussing the known prior
art including attaching control apparatuses to seismic streamers to
position streamers),

issuing positioning commands from
a master controller to each ASPD to
adpust  vertical  and  horizontal
position of a first streamer relative
to a sccond streamer in the array for
maintaining  a  specified  aray
geometry:

&

The Hillesund “895 application discloses this limitation.

See, eg., Hillesund “895 at p. 6, Paragraph 2 {*in the preferred
embodiment of the present nvention, the control system for the
birds 18 is distributed between a global control system 22 located
on or near the seismic survey vessel 10 and a local control system
located within or near the birds 18.7).

See, e.g., Hillesund "895 at p. U}, Paragraph 3 (“During operation
of the streamer positioning control system, the global control
system 22 preferably transmits, at regular intervals (such as every
five seconds) a desired horizontal force 42 and a desired vertical
force 44 to the local control system 36,7}

See¢, e.g.. Hillesund 895 at p. 18, Paragraph 2 (“The inventive
control system is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18, The global control
system 22 is tasked with monitoring the positions of the streamers
12 and providing desired forces or desired position information to
the local control system 36. The local control system 36 within
cach bird 18 is responsible for adjusting the wing splay angle to
rotate the bird to the proper position and for adjusting the wing
common angle to produce the magnitude of total desired force
reguired.”).

See, e.g., Hillesund ‘895 at p. 18, Paragraph 3, to p. 19, Paragraph
2; particularly in regard to the limitation of “maintaining a
specified array geometry”™ (“The inventive control system will
primarily operate in two diflerent control modes: a feather angle
control mode and a turn control mode. In the feather angle control
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mode, the global control system 22 attempts to keep cach streamer
inn a straight line offset from the towing direction by a certain
feather angle ... The turn control mode is used when ending one
pass and beginning another pass during a 3D seismic survey,
sometimes referred to as a “line change.” The turn control mode
consists of two phases. In the first part of the wrn, every bird 18
tries to “throw oul” the streamer 12 by generating a force in the
opposite direction of the turn. In the last part of the turn, the birds
18 are directed to go to the position defined by the feather angle
control mode. By doing this, a tighter turn can be achieved and the
turn time of the vessel and equipment can be substantially
reduced. Typically during the turn mode adjacent streamers will
he depth separated to avoid possible entanglement during the tumn
and will be returned to a common depth as soon as possible after
the completion of the turm ... In extreme weather conditions, the
inventive control system may also operate in a strcamer separation
control mode that attempts 1o minimize the risk of entanglement
of the streamers. In this contrel mode, the globai control system
22 attempis to maximize the distance between adjacent streamers.
The streamers 12 will typically be separated in depth and the
outermost streamers will be positioned as far away from each
other as possible. The inner streamers will then be regularly
spaced beiween these cutermost streamers, i.e. each bird 18 will
receive desired horizontal forces 42 or desired horizontal position
information that will direct the bird 18 to the midpoint position
between its adjacent streamers.” ).

sensing environmental factors which
influence the towed path of the
towed array;

The Hitlesund "895 application discloses this limitation.

See, e.g., Hillesund *895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers.”)

See, e.g., Hillesund ‘8935 at p. 8, Paragraph | (*The global control
system 22 will typically acquire the following parameters from the
vessel’s navigation system: vessel speed (m/s), vessel heading
{degrees), current speed {(m/s), current heading (degrees), and the
location of each of the birds in the horizontal plane in a vessel
fixed coordinate system. Current speed and heading can also be
estimated based on the average Forees acting on the streamers 12
by the birds 18. The global control system 22 will preferably send
the following values to the local bird controller: demanded vertical
force, demanded horizontal force, towing velocity, and
crosscurrent velocity.”).

See, e.g., Hillesund ‘895 at p. 8, Paragraph 3 (“The “water-
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referenced” towing velocity and  crosscurrent velocity  could
afternatively be determined using flowmeters or other types of
water velocity sensors attached directly to the birds 18. Although
these types of sensors are typically guite expensive, one advantage
of this type of velocity determination system is that the sensed in-
line and cross-line velocities will be inherently compensated for
the speed and heading of marine currents acting on said streamer
positioning device and for relative movements between the vessel
14 and the hird 18.7).

tracking the streamer positions
versus time during a seismic data
acquisition run;

The Hillesund *893 application discloses this limitation.

See, e.g., Hillesund ‘895 at p. 7, Paragraph 2 (*The global control
system 22 preferably maintains a dynamic model of each of the
seismic streamers 12 and utilizes the desired and actual positions
of the birds 18 o regularly calculate updated desired vertical and
horizontal forces the birds should impart on the seismic streamers
12 to move them from their actual positions to their desired
positions.”).

See, e.g., Hillesund ‘893 at p. 7, Paragraph 1 ("In the preferred
embodiment of the present invention, the global control system 22
monitors the actual positions of each of the birds 18 and is
programmed with the desired positions of or the desired minimum
scparations between the seismic streamers 12.7).

See, e.g., Hillesund ‘895 at p. 8, Paragraph t (“The global control
svstem 22 will typically acquire the following parameters from the
vessel's navigation system: vessel speed (m/s), vessel heading
(degrees), current speed (m/s), current heading (degrees), and the
location of each of the birds in the horizontal plane in a vessel
fixed coordinate system.™)

Persons Having Ordinary Skill In The Art at the time of invention
would have recognized that tracking streamer positions and
storing the positions in a legacy database, including the times
during acquisition, was obvious and had been in widespread
industry standard practice since the late 1980°s.  Industry
standards (such as the so-called UKOOA navigation database
standards) have existed and been used since the early 1990°s. It is
also obvious to a Person Having Ordinary Skill In The Art that
streamer positions in such a database can be repeatedly utilized.
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tracking the array geometry versus
time  during  a  seismic  data
acquisitton run, wherein the master
controller compares the positions of
the streamers versus time and the

array  geometry  versus  time  to
desired streamer positions and array
geometry versus time and issues

positioning commands to the ASPDs
to maintain the desired streamer
positions and array geometry versus
time,

The Hillesund *8935 application discloses this limitation.

See, e.g., Hillesund ‘895 at p. 7, Paragraph 2 (“The global control
system 22 preferably maintaing a dynamic model of each of the
seismic streamers 12 and utilizes the desired and actual positions
of the birds 18 to regularly caiculate updated desired vertical and
horizontal forces the birds should impart on the seismic streamers
12 to move them from their actual positions to their desired
positions.”).

See, e.g., Hillesund 895 at p. 18, Paragraph 2 (*The global control
system 22 is tasked with monitoring the positions of the streamers
12 and providing desired forces or desired position information to
the local control system 36. The local control system 36 within
each bird 18 is responsible for adjusting the wing splay angle o
rotate the bird to the proper position and for adjusting the wing
common angle to produce the magnitude of total desired force
required.”).

40. The method of claim 39 wherein
the master controller factors in
envirommental  measurements  into
the  positioning  commands  to
compensate  for  environmental
influences on the positions of the
streamers and the array geometry.

The Hillesund ‘893 application discloses this limitation.
See Claim 39 Analysis.

See, e.g., Hillesund ‘895 at p. &, Paragraph 1 ("The giobal control
system 22 will typically acquire the following parameters from the
vessel’s nmavigation system: vessel speed (m/s), vessel heading
(degrees), current speed (m/s), current heading (degrees), and the
location of each of the birds in the horizontal plane in a vessel
fixed coordinate system. Current speed and heading can also be
estimated based on the average forces acting on the streamers 12
by the birds 18, The global control system 22 will preferably send
the following values to the local bird controller: demanded vertical
force, demanded horizontal force, towing velocity, and
crosscurrent velocity.”).

See, ¢.g., Hillesund ‘895 at p. 6, Paragraph 3 ("Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers. To compensate
for these localized current fluctuations, the inventive control
system utilizes a distributed processing control architecture and
behavior-predictive model-based control logic to properly control
the streamer positioning devices.”).

36
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41. The method of claim 39 wherein
the master controller compensates

for maneuverability in the
positioning comimands to
compensate  for  mancuverability

influences on the positioning of the
streamers and the array geometry.

The Hillesund 895 application discloses this limitation,
See Claim 39 Analvsis,

See, e.g., Hillesund *893 at p. 7. Paragraph 3 (“The global control
system 22 preferably calculates the desired vertical and horizontal
forces based on the behavior of each streamer and also takes into
account the behavior of the complete streamer array ™).

A Person Having Ordinary Skill In The Art at the time of the
invention would find this limitation to be inherent in the invention.
To “compensate for maneuverability influences™ it would be
necessary o take into account various maneuverability factors,
including, but not necessarily limited to, cable diameter, array
type, deploved configuration, vessel type, device type, etc. which
are part of the basis for the behavior of the streamers.

See, e.g, Hillesund ‘895 at p. 8, Paragraph 3 (“The force and
velocity values are delivered by the giobal control system 22 as
separate values for each bird 18 on each streamer 12 continuously
during operation of the control system.”).

At the time of the invention it was obvious to a Person Having
Ordinary Skill In The Art at the time of the invention that to
“compensate  for mancuverability influences” it would be
necessary to take into account various maneuverability factors,
including, but not necessarily limited to, cable diameter, aray
tvpe. deployed configuration, vessel type, device type, ete. which
are part of the basis for the behavior of the streamers.

42, The method of ¢laim 39 further
comprising: determining the status
of ¢ach streamer. whorein the master
controlier adyusts the array geometry
to compensate for a fatled streamer.

The Hillesund 895 application discloses this limitation.

A Person Having Ordinary Skill In The Art will recognize that it
was obvious common practice at the time of the invention to
monitor the status of cach streamer. They will also recognize that
it was obvious common practice to compensate for failed
streamers to the maximum extent that towing capabilities of a
given vessel allowed.

45. A method for tracking and
positioning seismic streamer array
comprising:

The Hillesund *895 application discloses this limitation.

See, ez, Hillesund ‘895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined for
this array, and positions are controlled by seismic streamer
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positioning devices attached to the streamer cables.

See, e.g., Hillesund ‘895 at p. 4, Paragraph titled *Summary of the
Invention.”

towing a seismic array comprising a
plurality of seisimic streamers;

The Hillesund ‘895 application discloses this Himitation.

See, e.g., Hillesund *8935, Fig. 1. See afso Hillesund *895 at p. 5,
Paragraph 1 (“In Figure 1. a secismic survey vessel 10 is shown
towing eight marine seismic streamers ...7").

attaching an  active  streamer
positioning device (ASPD) attached
to  each seismic  streamer  for
positioning cach seismic streamer;

The Hillesund *895 application discloses this imitation,

See, e.g., Hillesund “893 at p. 6, Paragraph | (“Preferably the birds
18 are both vertically and horizontally steerable. These birds I8
may, lor instance, be located at regular intervals along the
streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer ...")

See, e.g., Hillesund *895 at p. 18, Paragraph 3, to p. 19, Paragraph
2 particularly in regard to “positioning each seismic streamer”
{“The inventive control system will primarily operate in two
different control modes: a feather angle control mode and a turn
control mode. In the feather angle control mode, the global control
system 22 attempts to keep each streamer in a straight line offset
from the towing direction by a certain feather angle ... The turn
control mode is used when ending one pass and beginning another
pass during a 3D seismic survey, sometimes referred to as a “line
change.” The turn control mode consists of two phases. In the first
part of the turn, every bird I8 tries to “throw out” the streamer 12
by generating a force in the opposite direction of the turn. In the
fast part of the turn, the birds [8 are directed to go to the position
defined by the feather angle control mode. ... Typically during the
turn mode adjacent streamers will be depth separated to avoid
passible entanglement during the turn and will be returned to a
cemmon depth as soon as possible after the completion of the turn

In extreme weather conditions, the inventive control system
may also operate in a streamer separation control mode that
attempts to minimize the risk of entanglement of the streamers. In
this control mode, the giobal control system 22 attempts fo
maximize the distance between adjacent streamers. The streamers
12 will typically be separated in depth ...”).

The ‘038 patent discloses that this limitation was well known to
one skilled in the art prior to and at the time of the invention.
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See, e.g., 038 patent, Col. 1, il. 25-36 (discussing the known prior
art, including attaching control apparatuses to seisntic streamers to
position streamers).

and issuing vertical and horizontal
positioning  commands  te  each
ASPD for maintaining a specified
array path.

The Hillesund *893 application discloses this limitation.

See, e.g., Hilesund *895 at p. 6, Paragraph 2 (*In the preferred
embodiment of the present invention, the control system for the
birds 18 is distributed between a global control system 22 located
on or near the seismic survey vessel 10 and a local control system
focated within or near the birds ...7).

See, e.g., Hillesund *895 at p. 10, Paragraph 3 ("During operation
of the sireamer positioning control system, the global control
system 22 preferably transmits, at regular intervals (such as every
five seconds) a desired horizontal force 42 and a desired vertical
force 44 to the local control system 36.7).

See, e.g., Hillesund *893 at p. 1¥, Paragraph 2 ("The inventive
control svstem is based on shared responsibilities between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18. The global controt
system 22 is tasked with monitoring the positions of the streamers
12 and providing desired forces or desired position information to
the local control system 36. The local control system 36 within
each bird 18 is respensible for adjusting the wing splay angle to
rodate the bird to the proper position and for adjusting the wing
common angle to produce the magnitude of total desired force
reqguired.”).

See, e.g., Hillesund ‘895 at p. 18, Paragraph 3, to p. 19, Paragraph
2; particularly in regard to the limitation of “specified array path”
("“The inventive control system will primarily operate in two
different control modes: a feather angle control mode and a tum
control mode. In the feather angle control mode, the global control
system 22 attempts 1o keep cach streamer in a straight line offset
from the towing direction by a certain feather angle .... The turn
control mode is used when ending one pass and beginning another
pass during a 3D seismic survey, sometimes referred to as a “line
change”. The turn control mode consists of two phases. In the first
part of the turn, every bird 18 tries to “throw out” the streamer 12
by generating a force in the opposite direction of the turn. In the
tast part of the turn, the birds 18 are directed to go to the position
defined by the {eather angle control mode. ... In extreme weather
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conditions, the inventive control system may also operaic in a
streamer separation control mode that attempts to minimize the
risk of entanglement of the streamers. In this control mode, the
global control system 22 attempts to maximize the distance
between adjacent streamers. The streamers 12 will typically be
separated in depth and the outermost streamers will be positioned
as far away from each other as possible, The inner streamers will
then be regularly spaced between these outermost streamers, i.e.
each bird 18 wili receive desired horizontal forces 42 or desired
horizontal position information that will direct the bird 18 to the
midpoint position between its adjacent streamers.”).

46. The method of claim 45 wherein
a master controller ISsUes
positioning commands to the towing
vessel for maintaining a specified
array path,

The Hitlesund *895 application discloses this limitation.
See Claim 45 Analysis.

See, e.g., Hillesund *895 at p. 6, Paragraph 2 (*The global control
system 22 is typically connected to the seismic survey vessel's
navigation system and obtains estimates of system wide
parameters, such as the vessel’s towing direction and velocity and
current direction and velocity, from the vessel’s navigation
system.”)

In addition, Persons Having Ordinary Skill In The Art will readily
recognize that the seismic survey vessel’s navigation system is
typically utilized to steer the vessel in routine seismic acquisition
operations {“auto-pilot™).

47. The method of claim 45 further
comprising: calculating an optimal

path  for the seismic array for
optimal coverage  during  seismic

data acquisition over a seismic field;

The Hillesund *895 application discloses this limitation.
See Claim 45 Analysis.
See, e.g., Hillesund *895, Fig 4.

See, e.g., Hillesund ‘893 at p. 6, Paragraph 3 (“To compensate for
these localized current fluctuations, the inventive control system
atilizes a distributed processing control architecture and behavior-
predictive maodel-based control logic to properly control the
sircamer positioning devices.”).

predicting array behavior;

The Hillesund *8935 application discloses this limitation.
See, e.g., Hillesund 895, Fig 4,

See, e.g., Millesund 893 at p. 6, Paragraph 3 (“To compensate for
these localized current fluctuations, the inventive control system
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utilizes a distributed processing control architecture and behavior-
predictive model-based control logic to properly conirol the
streamer positioning devices.”).

and compensating for predicted
streamer  behavior  in issuing
positioning commands to the towing
vessel  and  the  ASPDs  for
positioning the array along the

optimal path.

The Hillesund “895 application discloses this Hmitation.

See. e.g.. Hillesund ‘893 at p. 6, Paragraph 2 ("In the preferred
embodiment of the present invention, the control system for the
birds 18 is distribuied between a global control system 22 located
on or near the seismic survey vessel 10 and a focal control sysiem
located within or near the birds 18, The global control system 22
is typically connected to the seismic survey vessel’s navigation
system and obtains estimates of system wide parameters, such as
the vessel's towing direction and velocity and current direction
and velocity, from the vessel’s navigation system.”).

See, e.g., Hillesund 895 at p. 6, Paragraph 3 (“To compensate for
these localized current fluctuations, the inventive control system
utilizes a distributed processing control architecture and behavior-
predictive model-based control logic to properly control the
streamer positioning devices.”).

See, e.g.. Hillesund ‘895 at p. 10, Paragraph 3 (“During operation
of the streamer positioning control system, the global control
system 22 preferably transmits, at regular intervals (such as every
five seconds) a desired horizontal force 42 and a desired vertical
force 44 to the local control system 36.7),

See, e.g.. Hillesund *895 at p. 18, Paragraph 2 (“The inventive
contral system is based on shared responsibilitics between the
global control system 22 located on the seismic survey vessel 10
and the local control system 36 on the bird 18. The global control
system 22 is tasked with monitoring the positions of the streamers
12 and providing desired forces or desired position information to
the local control system 36. The local control system 36 within
each bird 18 is responsible for adjusting the wing splay angle to
rotate the bird to the proper position and for adjusting the wing
common angle to produce the magnitude of total desired force
required.”).

See, e.g., Hillesund ‘895 at p. |8, Paragraph 3, to p. 19, Paragraph
2; particularly in regard to the limitation of “specified array
geometry” (“The inventive control system will primarily operate
in two different control modes: a feather angle control mode and a
turn control mode. In the feather angle control mode, the global
control system 22 attempts to keep each streamer in a straight line
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offset from the towing direction by a certain feather angle ... The
turn conirol mode is used when ending one pass and beginning
another pass during a 3D seismic survey, sometimes referred to as
a “line change.” The turn control mode consists of two phases. In
the first part of the turn, every bird 18 tries to “throw out” the
streamer 12 by generating a force in the opposite direction of the
turn. In the last part of the turn, the birds 18 are directed to go to
the position defined by the feather angle control mode. By doing
this, a tighter turn can be achieved and the turn time of the vessel
and equipment can be substantially reduced. Typically during the
twrn mode adjacent streamers will be depth separated to avoid
possible entanglement during the turn and will be returned to a
common depth as soon as possible after the completion of the turn

In extreme weather conditions, the inventive control system
may also operate in a streamer scparation control mode that
attempts to minimize the risk of entanglement of the streamers. In
this control mode, the global control system 22 attempts 1o
maximize the distance between adjacent streamers. The streamers
12 will typically be separated in depth and the outermost streamers
will be positioned as far away from each other as possible. The
inner streamers will then be regularly spaced between these
outermost streamers, i.e. each bird 18 will receive desired
horizontal forces 42 or desired horizontal position information that
will direct the bird 18 to the midpoint position between its
adiacent streamers.”).

48, The method of ¢laim 47 wherein
the master congroller compensates
for environmental factors in the
positioning commands.

The Hillesund *895 application discloses this limitation.

See Claims 15, 30, and 40 Analyses.

See, e.g., Hillesund *895 at p. 6, Paragraph 3 (“Localized current
fluctuations can dramatically influence the magnitude of the side
control required to property position the streamers. To compensate
for these localized current [uctuations, the inventive control
system utilizes a distributed processing control architecture and
behavior-predictive model-based control logic to properly control
the streamer positioning devices.”).

See, e.g., Hillesund *895 at p. 8, Paragraph | (“The globat control
system 22 will typically acquire the following parameters from the
vessel’s navigation system: vessel speed (m/s), vessel heading
(degrees), current speed {m/s), current heading (degrees), and the
Jocation of each of the birds in the horizontal plane in a vessel
fixed coordinate system. Current speed and heading can also be
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estimated based on the average forces acting on the streamers 12
by the birds I8 The global control system 22 will preferably send
the following values 1o the local bird controller: demanded vertical
force, demanded horizontal force, towing velocity, and
crosscurrent velocity.”).

49, The method of claim 48 wherein
the master controller compensates
for maneuverability factors in the
positioning commands.

The Hillesund 893 application discloses this fimitation.
See Claims 16, 31, and 41 Analyses.

See, e.g., Hillesund ‘893 at p. 7, Paragraph 3 ("The global control
system 22 preferably calculates the desired vertical and horizontal
forces based on the behavior of cach streamer and also takes into
account the behavior of the complete streamer array.”).

A Person Having Ordinary Skill In The Art at the time of the
invention would find this Hmifation to be inherent in the invention.
To “compensate for maneuverability influences™ it would be
necessary fo take into account various maneuverability factors,
including, but not nccessarily limited to, cable diameter, array
type, deployed configuration, vessel type, device type, etc. which
are part of the basis for the behavior of the streamers.

See, e.g., Hilicsund *895 at p. &, Paragraph 3 (*The force and
velocity values are delivered by the global control system 22 as
separate values for each bird 18 on cach streamer 12 continuously
during operation of the control system.”).

30, A method for tracking and
positioning a seismic streamer array
comprising:

The Hillesund ‘895 application discloses this limitation.

See, e.g., Hillesund ‘895 generally, which discloses a system
wherein a towing vessel tows a seismic array comprised of a
plurality of seismic streamers. Actual positions are determined for
this array, and positions are controlled by seismic streamer
positioning devices attached to the streamer cables.

See, e.g.. Hillesund ‘895 at p. 4, Paragraph titled “Summary of the
Invention™.

towing a seismic array comprising a
plurality of seismic streamers;

The Hillesund *893 application discloses this fimitation,

See, e.g., Hillesund ‘895, Fig. 1. See also Hillesund ‘895 at p. 5,
Paragraph 1 (“la Figure I, a seismic survey vessel 10 is shown
towing eight marine seismic streamers ...7)
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attaching  an  aciive  streamer
positioning device (ASPD) attached
to  each  seismic  streamer  for
positioning each seismic streamer;

The Hillesund *893 application discloses this limitation.

See, e.g., Hillesund ‘895 at p. 6, Paragraph | {“Preferably the birds
t8 are both vertically and horizontally steerable. These birds 18
may, for instance, be located at regular intervals along the
streamer, such as every 200 to 400 meters. The vertically and
horizontally steerable birds 18 can be used to constrain the shape
of the seismic streamer ..7)

See, e.g.. Hillesund ‘895 at p. 18, Paragraph 3, to p. 19, Paragraph
2 particularly in regard to “positioning each seismic streamer”
(*The inventive control system will primarily operate in two
different control modes: a feather angle control mode and a turn
control mode. In the feather angle control mode, the global control
system 22 attempts to keep each streamer in a straight line offset
from the towing direction by a certain feather angle ...

In extreme weather conditions, the inventive control system may
also operate in a streamer separation control mode that attempts to
minimize the risk of entanglement of the streamers. ...7)

The “038 patent discloses that this limitation was well known to
one skiiled in the art prior to and at the time of the invention.

See, e.g., ‘038 patent, Col. 1, 1L 25-36 (discussing the known prior
art, including attaching control apparatuses to seismic streamers to
position streamers).

issuing horivontal  and  vertical
positioning  commands to  each
ASPD and o the towing vessel for
maintaining an  optimal  path,
calculating an optimal path for the
seismic array for optimal coverage
during seismic data acquisition over
a seismic field, and a behavior
prediction Processor which
predicting array behavior, wherein
the master contreller compensates
for predicted streamer behavior in
issuing positioning commands to the
towing vessel and the ASPDs for

The Hillesund ‘895 application discloses this limitation.

See, e.¢., Hillesund ‘895 at p. 7, Paragraph 2 (“The global control
system 22 preferably maintains a dynamic model of each of the
seismic streamers 12 and utilizes the desired and actual positions
of the birds 18 to regularly catculate updated desired vertical and
horizontal forces the birds should tmpart on the seismic streamers
12 to move them from their actual positions to their desired
positions.”).

See, e.g., Hillesund *895 at p. 10, Paragraph 3 (“During operation
of the streamer positioning control system, the global control
system 22 preferably transmits, at regular intervals {such as every
five seconds) a desired horizontal force 42 and a desired vertical
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the array along the
wherein the master
compensates for
and maneuverability

the positioning

positioning
optimal path,
controller
environmental
factors in
commands,

force 44 to the local control system 36.7).

See, e.g., Hillesund ‘895 at p. |8, Paragraph 2 (“The inventive
control system is based on shared responsibilities between the
global control svstem 22 located on the seismic survey vessel 10
and the local control system 36 located on the bird 18. The global
control system 22 is tasked with monitoring the positions of the
streamers {2 and providing desired forces or desired position
information 1o the local control system 36, The local control
system 36 within each bird 18 is responsible for adjusting the
wing splay angle 1o rotate the bird to the proper position and for
adjusting the wing common angle to produce the magnitude of
total desired force required.”).

See, e.g., Hillesund ‘893 at p. 6, Paragraph 3 (“To compensate for
these focalized current fluctuations, the inventive control system
utilizes a distributed processing control architecture and behavior-
prediciive model-based control logic to properly control the
streamer positioning devices.”).

See, e.g.. Hillesund ‘893 at p. 8, Paragraph | (*The global control
system 22 will typically acquire the following parameters from the
vessel’s navigation system: vessel speed (m/s), vessel heading
{degrees), current speed (m/s), current heading (degrees), and the
ocation of each of the birds in the horizontal plane in a vessel
fixed coordinate system. Current speed and heading can also be
estimated based on the average forces acting on the streamers 12
by the birds 18, The global control system 22 will preferably send
the following values to the local bird controtler: demanded vertical
force, demanded horizomtal force, towing velocity, and
crosscurrent velocity.™).

See, e.g., Hillesund ‘895 at p. 7, Paragraph 3 ("The global control
system 22 preferably calculates the desired vertical and horizontal
forces based on the behavior of each streamer and also takes into
account the behavior of the complete streamer array.”).

See, e.g., Hillesund 895 at p. & Paragraph 3 ("The force and
veloeily values are delivered by the global control system 22 as
separate values for each bird 18 on each streamer 12 continuously
during operation of the control system.”).

See also Claims 1, 2, 5,6, 21, 22, and 25 Analvses,
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EXHIBIT 10

LS. Patent No. 6,932,017 (the “Hillesund “017 patent™) Is Obvious In View of
LS, Patent 5,790,472 (“Workman “472 patent™

U.S. Patent No. 6,932,017
Asseried Claims

Citations from ‘472 prior-art

i A method of controlling the
positions  of  marine  seismic
streamers in an array of such

streamers being towed by a setsmic
survey vessel, the streamers having
respective  streamer  positioning
devices disposed therealong and
each streamer positioning device
having a wing and a wing motor
for changing the orientation of the
wing sa as to steer the streamer
positioning device laterally, said
method comprising the steps of:

LS, Patent 3,790472 (Adaptive Control of Marine
Seismic Streamers; Workman & Chambers; assigned to
Western Atlas; 1998) discloses this claim preamble.

The lmitation of “marine seismic streamers in an array of
such streamers being towed by a seismic survey vessel” is
disclosed in the Workman 472 patent.

The limitation of “streamer positioning devices disposed
therealong and each streamer positioning device having a
wing and a wing motor for changing the orientation of the
wing” is disclosed in the Workman ‘472 patent.

The limitation “to steer the streamer positioning device
faterally” is disclosed in the Workman 472 patent,

See, e.g., Workman ‘472 at Col. 2, 1. 32-33 (*... the prior
art discloses a series of diserete devices for Tocating and
controlling the positions of streamer cables ...”) and Col. 2,
Il 45-47 {*"The present invention is an improved system for
controlling the position and shape of marine seismic
streamer cables™).

See, e.g., Workman ‘472 at Col. 3, 11, 33-43 ("As known to
those skilled in the art, components of the marine seismic
data acquisition system 05, on the vessel 11, may include

a network solution system 10 for determining the
position of the streamer cables 13 and setsmic sources 12,
and a streamer cable controller 16 for controlling the
streamer positioning devices™).

See, eg., Workman 472 at Col. 1, H. 17-19 (“Due to the
increasing use of marine 3-D seismic data, multi-cable
marine surveys are now commonplace™).

See, eg, Workman ‘472 at Col. |, L 45 (“Streamer
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positioning devices are well known in the art”).

See, e.g. Workman “472 at Col, 3, 1L 120 ("As known 1o
those skilled in the art, streamer positioning devices 14, for
example birds and tail buoys, may be attached to the
exterior of the streamer cables 13 for adjusting the vertical
and lateral positions of the streamer cables 13, The
streamer cables 13 include electrical or optical cables for
connecting  the streamer positioning  devices 14 to
individual control and logging systems”).

See. eg., Workman ‘472 at Col. 1, 1. 35-61 (describes
lateral positicning with wings). A wing motor 1o move a
wing is inherent in this invention because of the need for
dynamic control 1o implement this invention.

in the event that a wing motor is not considered inherent,
then it is obvious based on Workman ‘472 at Col. 1, 11 27-
ol.

abtaining a predicted position of | The Workman 472 patent discloses this limitation.
the streamer positioning devices;
See, ez, Workman ‘472 at Col 2, Il 153-18 {*These
devices and methods may then be used to determine the
real time position of the seismic sources and seismic
streamer cables by computing a network solution to a
Kalman filter, as disclosed by ULS. Pat. No. 5353,2237).

Prediction is a fundamental aspect of Kalman filtering
technology. A person Having Ordinary Skill In The Arnt
will understand that the disclosed Kalman filter is a well-
known prior art technology that is used to obtain a
predicted position.

obtaining an estimated velocity of | Given “a predicted position of the streamer positioning
the streamer positioning devices; devices,” then a Person Having Ordinary Skill In The Art
will understand that it is inberent that velocities are
necessarily obtained from differences in positions over
known time intervals based on fundamental concepts of
marine navigation known for generations. In marine
seismic navigation systems at the time of invention,

2
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solutions for positions are typically avaifable several times
per minute which necessarily yields estimates of velocities
several times per minute as simple differences of positions.

See, e.g. Workman 472 at Col. 2, L I5-18 (*These
devices and methods may then be used to determine the
real time position of the seismic sources and seismic
streamer cables by computing a network solution to a
Kalman filter, as disclosed by U.S. Pat. No. 5,353,223").

Estimation is a fundamental aspect of Kalman filtering
technology. A person Having Ordinary Skill In The Art
will understand that the disclosed Kalman filter is a well-
known prior art technology that is used to obtain an
estimated velocity,

for at least some of the streamer
positioning devices, calculating
desired changes in the orientation
of their wings using said predicted
position and  said  estimated
velocity,

The Workman 472 patent discloses this imitation.

See, e.g., Workman ‘472 at Col. 3, 1. 42-43 (*... and a
streamer cable controller 16 for controlling the streamer
positioning devices 147). See also, e.g., FIG. 2

See, e.p., Workman 472 at Col. 3,1, 539-62 (... includes a
streamer control processor 40 for ... caleulating a position
correction 1o reposition the streamer cables 137

See, e.g., Workman 472 at Col. 4, 1L 17-21 “The streamer
control processor 40 is connected to the streamer device
controller 16, When the streamer cables 13 need 1o be
repositioned, the position correction is used by the
streamer device controller 16 to adjust the streamer
positioning devices 14 and reposition the streamer cables
137

Given “predicted positions and estimated velocities”, a
Person Having Ordinary Skill in the Art will understand
that it is inherent that the “orientation of their wings” for
the streamer positioning devices necessarily must be
calculated to be able to implement any change n streamer
position or motion whatsoever.

tad
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and actuating the wing motors to
produce said desired changes in
wing orientation.

The Workman 472 patent discloses this limitation.

See, eg., Workman 472 at Ceob. 1, 1L 53357 (“For
example, devices to control the lateral positioning of
streamer cables by using camber-adjustable hydrofoils or
angled wings are disclosed ...7)

This limitation is also inherent.  Given a desire to
reposition the streamers, then a Person Having Ordinary
Skill In The Art will understand that to change the “wing
orientation”™ for the streamer positioning devices will
necessarily require the action of a motor.

It would have been obvious to one of ordinary skill in the
art to have used an actuator or moter to produce the
desired changes.

8. A method as claimed in
clatm 7, in which said global
control system is further
configured  into a  streamer
separation  mode, wherein  said
global control system attempts to
direct said streamer positioning
device to maintain a minimum
separation distance between
adjacent streamers.

The Workman ‘472 patent discloses this limitation of
“streamer separation mode”.

See, e, Workman 472 at Col. 1, . 33-35 (" The ability
to control the position and shape of the streamer cables is
desirable for preventing the entanglement of the streamer
cables .,.7).

See, e.g., Workman ‘472 at Col. 3, Il 5867 (“In the
present embodiment of the invention, the marine seismic
data acquisition system 03 also includes a streamer controd
processor 40 for deciding when the streamer cables 13
should be repositioned and for calculating a position
correction (o reposition (he streamer cables 130 Also in the
present embodiment of the invention, threshold parameters
are cstablished for determining when the streamer cables
should be repositioned. Threshold parameters may include
a pluradity of values forr minimum allowable separations
hetween streamer cables 13

ey

}

See, e, Workman 472 at Col 4. L &35 (discloses

streamer control P]'(}QCS}S{H“).

16. Apparatus for controfling

U.S. Patent 5,790,472 (Adaptive Control of Marine

4
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the posittons of marine seismic
streamer in an  array  of  such
streamers being towed by a seismic
survey vessel, the streamers having
respective  streamer  positioning
devices disposed therealong and
each streamer positioning device
having a wing and a wing moftor
for  changing the  horizontal
orientation of the wing so as to

steer  the streamer positioning
device Jaterally, said apparatus
comprising:

Seismic Streamers; Workman & Chambers; assigned o
Western Atlas; 1998) discloses this claim preamble.

The hmitation of “marine seismic streamers in an array of
such streamers being towed by a seismic survey vessel” is
disctosed in the Workman *472 patent.

The limitation of “streamer positioning devices disposed
therealong and each streamer positioning device having a
wing and a wing motor for changing the orientation of the
wing” is disclosed in the Workiman *472 patent.

The limitation “to steer the streamer posilioning device
laterally” is disclosed in the Workman 472 patent.

See, e.g., Workman ‘472 at Col. |, 1l 55-61 {(describes
fateral positioning with wings). A wing motor to move a
wing is inherent in this invention because of the need for
dynamic control to implement this invention.

See, e.g., Workman 472 at Col. 2, I1 32-33 (... the prior
art discloses a series of discrete devices for locating and
controlling the positions of streamer cables .7y and Col, 2,
ik 45-47 (“The present invention is an improved system for
controlling the position and shape of marine seismic
streamer cables”).

See, e.g, Workman 472 at Col. 3, 1. 33-43 ("As known to
those skilled in the art, components of the marine seismic
data acquisition system 05, on the vessel 11, may include

a network solution system 10 for determining the
position of the streamer cables 13 and seismic sources 12,
and a streamer cable controller 16 for controlling the
streamer positioning devices™).

See, e.g., Workman ‘472 at Col. 1, 1. 17-19 {*Due to the
increasing use of marine 3-D seismic data, multi-cable
marine surveys are now commonplace”).

See, e.g, Workman 472 at Col. 1, 1 45 (“Streamer
positioning devices are well known in the art™).

See, e.g., Workman ‘472 at Col. 3, 11 14-20 ("As known to
those skilled in the art, streamer positioning devices 14, for
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example birds and tail buoys, may be attached to the
exterior of the streamer cables 13 for adjusting the vertical
and lateral positions of the streamer cables 13, The
streamer cables 13 include electrical or optical cables for
connecting the streamer positioning devices 14 to
individual control and logging svstems™).

In the event that a wing motor is not considered inherent,
then it 1s obvious based on Workman ‘472 at Col. 1, 11 27-
61,

Under 33 US.C. § 112, ¢ 6, the Workman ‘472 patent
means for obtaining a predicted | discloses structure that performs the claimed function of
position of the streamer positioning | obtaining a predicted position of the streamer positioning
devices; devices and that is either identical to the structure
identified by the Court or equivalent structure.

See, ez, As shown in Figure 2, the marine seismic data
acquisition  system 05 comprises a  streamer  control
processor 40 and a streamer cable controller 16.

See, e.g., Workman ‘472 at Col. 3, 1L 33-34 and I, 42-44
(“As known to those skilled in the art, components of the
marine seismic data acquisition system 05, on the vessel
11, may include ... a streamer cable controller 16 for
controliing the streamer positioning devices 14.7).

See, e, Workman 472 at Col. 3, 1. 58-62 (*... the
marine seismic data acquisition system 05 also includes a
streamer  control processor 40 for deciding when the
streamer cables 13 should be repositioned and for
calculating a position correction to reposition the streamer
cables 13.7)

See, e, Workman 472 at Col. 2, . 15-19 which
disctoses  “prediction™ in a  Kalman filter. The
aforementioned disclosed structure performs the function
oft  (“These devices and methods may then be used tw
determine the real time position of the seismic sources and
seismic streamer cables by computing a network selution
to a Kalman filter, as disclosed by U.S. Pat. No.
5,353,223%).

6

WesternGeco Ex. 2033, pg. 270
IPR2015-00567
ION v WesternGeco



U.S. Patent No. 6,932,017 Citations from ‘472 prior-art
Asserted Claims

Prediction is a fundamental aspect of Kalman filtering
technology. A PHOSITA will understand that the disclosed
Kalman filter is a well-known prior-art technology that is
used to obtain a predicted position and that such filtering
technology is implemented using algorithms software.

means for obtaining an cstimated | Under 35 U.S.C. § 112, 1 6, the Workman *472 patent
velocity of the streamer positioning | discloses structure that performs the claimed function of
devices, obtaining an estimated velocity of the streamer positioning
devices and that is either identical to the structure
identified by the Court or equivalent structure.

The 017 specification states that “The towing velocity and
crosscurrent velocity are preferably “‘water-referenced”
valucs that are calculated from the vessel speed and
heading values and the current speed and heading values,
as well as any relative movement between the seismic
survey vessel 10 and the bird 18 (such as while the vessel
is turning).  Alternatively, the global control system 22
could provide the local control system with the horizontal
velocity and water in-flow angle. The force and velocity
values are delivered by the global control system 22 as
scparate values for each bird 18 on each streamer 12
continuously during operation of the control system. The
“water-referenced”  towing  velocity and  crosscurrent
velocity could alternatively be determined using
flowmeters or other i{ypes of water velocity sensors
attached directly to the birds 18.”

See, e.g.. As shown in Figure 2, the marine seismic data
acquisition system (5 comprises a streamer control
processor 40 and a streamer cable controller 16,

See, e.g., Workman ‘472 at Col. 2, L 15-18; at Col. 4, L. §;
and “prediction” in a Kalman filter at Col. 2., 1. 15-19.
The aforementioned disclosed structure performs the
function of: “These devices and methods may then be used
to determine the real time position of the seismic sources
and seismic streamer cables by computing a network
solution to a Kalman fiiter, as disclosed by U.S. Pat. No.

7
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5,353.2237).

Given “a predicted position of the streamer positioning
devices,” then a Person Having Ordinary Skill In The Art
will understand that it is inherent that velocities are
necessarily obtained from differences in positions over
known time intervals based on fundamental concepts of
maring navigation known for generations. In marine
seismic navigation systems at the fime of invention,
sofutions for positions are typically available several times
per minute which necessartly vields estimates velocities
several times per minute as simple differences of positions.

Estimation is a fundamental aspect of Kalman hltering
technology, A person Having Ordinary Skill In The Art
will understand that the disclosed Kalman filter is a well-
known prior art technology that is used to obtain an
estimated velocity.

means for calculating  desired | Under 35 US.C. § 112, % 6, the Workman “472 patent
changes in the orientations of the | discloses structure that performs the claimed tunction of
respective wings of at least some | calculating desired changes in the orientations of the
of the streamer positioning devices | respective wings of at least some of the streamer
using said predicted position and | positioning devices using said predicted position and said
said estimated velocity; estimated  veloeity and that is either identical to the
structure identified by the Court or eguivalent structure.

The Workman ‘472 patent discloses a global control
system for performing the recited function. The Workman
*472 patent discloses a structure 1o perform this function
comprised of a streamer cable controller and a streamer
control processor.,

See, e.g., As shown in Figure 2, the marine seismic data
acquisition system 05 comprises a streamer control
processor 40 and a streamer cable controller 16,

See, ep., Workman 472 at Col. 3, 1. 42-43 ("... and a
streamer cable controller 16 for controlling the streamer
positioning devices 147). See also, e.g., FIG. 2
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See, c.g., Workman 472 at Col. 3, H. 539-62 (... includes a
streamer control processor 40 for ... calculating a position
correction 1o reposition the streamer cables 137)

See, e.g., Workman ‘472 at Col. 4, 11 17-21 “The streamer
control processor 40 is connected to the streamer device
controller 16. When the streamer cables 13 need 10 be
repositioned, the position  correction is used by the
streamer  device controller 16 to adjust the streamer
positioning devices 14 and reposition the streamer cables
13.7

This claim limitation “calculating desired changes in the
orientation of their wings using said predicted position and
said estimated velocity™ is also an inherent aspect of the
invention. Given “predicted positions and  estimated
velogities”, it is inherently necessary that the “orientation
of their wings” for the streamer positioning devices must
be caklculated to be able to mmplement any change in
streamer position or motion whatsoever.

and means for actuating the wing | Under 35 US.C. § 112, % 6, the Workman ‘472 patent
motors to produce said desired | discloses structure that performs the claimed function of
changes in wing orientation. actuating the wing motors to preduce said desired changes
in wing orientation and that is cither identical to the
structure identified by the Court or equivalent structure.

See, eg., Workman 472 at Col. 1, 1L 533-57 (“For
example, devices to control the lateral positioning of
streamer cables by using camber-adjustable hydrofoils or
angled wings are disclosed ...7)

This ¢laim limitation “actuating the wing motors to
produce said desired changes in wing orientation” is also
an inherent aspect of the invention. Given a desire to
reposition the streamers, it is necessary that the “wing
orientation” for the streamer positicning devices will need
to be altered, which necessarily requires the action of a
motor.

Even assuming that a motor would not be inherent in the

9
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472 patent’s disclosure, the streamer cable controller 16
controls the streamer positioning devices, or birds, to
produce a desired change in the wing orientation. Col. 3,
It 30-45; col. 4, 11, 8-21. That necessarily occurs via some
type of actuator, and it would have been obvious to one of
ordinary skill in the art to have used an actuator or motor.

10
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U.S. Patent No. 6,932,017 (the “Hillesund 017 patent”) Is Obvious In View of
Workman ‘472 and Kalman Reference

V.S, Patent No. 6,932,617 Citations from the prior-art
Asserted Claims

1. A method of controlling the | ULS, Patent 5,790,472 (Adaptive Control of Marine
positions of marine seismic Seismic Streamers; Workman & Chambers; assigned 1o
streamers in an array of such Western Atlas; F998) discloses this ¢laim preamble.

streamers being towed by a seismic
survey vessel. the streamers having | The limitation of “marine seismic streamers in an array of

respective streamer positioning such streamers being towed by a seismic survey vessel” s
devices disposed therealong and disclosed in the Workman “472 patent,

cach streamer positioning device
having a wing and a wing motor
for changing the orientation of the
wing 50 as to steer the streamer
positioning device laterally, said
method comprising the steps oft

The imitation of “streamer positioning devices disposed
therealeng and each streamer positioning device having a
wing and a wing motor for changing the orientation of the
wing” is disclosed in the Workman ‘472 patent.

The limitation 1o steer the streamer positioning device
faterally”™ is disclosed in the Workman *472 patent.

See, .z, Workman ‘472 at Col. 2, 1. 32-33 (... the prior
art discloses a series of discrete devices for locating and
controlling the positions of streamer cables |y and Col. 2,
1L 45-47 (*The present invention is an improved system for
controlling the position and shape of marine seismic
streamer cables™).

See, e.g., Workman 472 at Col. 3, 1, 3343 (“As known 1o
those skilled in the art, compoenents of the marine seismic
data acquisition system 03, on the vessel 11, may inciude

. a network solution system 10 for determining the
position of the streamer cables 13 and seismic sources 12,
and a streamer cable controller 16 for controlling the
streamer positioning devices”).

See, eg., Workman *472 at Col. 1, {1 17-19 ("Due to the
increasing use of marine 3-D seismic data, multi-cable
maring surveys are now commonplace™).

See, e.p., Workman ‘472 at Col. 1, 1. 45 (*Streamer
positioning devices are well known in the art™).
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See, e.g., Workman *472 at Col. 3, L. 14-20 (*As known to
those skilled in the art, streamer positioning devices 14, for
example birds and taill buoys, may be attached to the
exterior of the streamer cables |3 for adjusting the vertical
and lateral positions of the streamer cables 13, The
streamer cables 13 include electrical or optical cables for
connecting the streamer positioning devices 14 to
individual control and logging systems™)

See. e.p, Workman *472 at Col. 1, 1L 55-61 (describes
lateral positioning with wings), A wing motor to move a
wing 1s inherent in this invention because of the need for
dynamic control to implement this invention.

in the event that a wing motor is not considered inherent,
then it is obvious based on Workman ‘472 at Col 1, 1. 27-
61.

obtaining a predicted posttion of
the streamer positioning devices; The Workman 472 patent discloses this Himitation.

See, e.g.. Workman 472 at Col. 2,11 15-18 (" These
devices and methods may then be used to determine the
real time position of the seismic sources and seismic
streamer cables by computing a network solution to a
Kalman flter, as disclosed by 1.8, Pat. No. 5,353,2237).

Kalman, R.E., 1960, “A New approach to Linear Filtering
and Prediction Problems,” Trans of ASME-), of Basic
Engineering, vol. 82 (Series D). pp. 35-36 discloses the
limitation of “prediction.”

See, e.g.. p. 36, bottom of right hand column in section
“Optimal  Estimation,” first paragraph: “we have a
prediction problem. Since our treatment will be general
enough to include these and similar problems, we shall use
hereafter the collective term cstimation.”

Prediction is a fundamental aspect of Kalman filtering
technology. A Person Having Ordinary Skill In The Art
will understand that the disclosed Kalman filter is a well-
known prior art technology that is obvious to use to obtain
a predicted position.

2
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obtaining an estimated velocity of
the streamer positioning devices;

Given “a predicted position of the streamer positioning
devices,” then a Person Having Ordinary Skiil In The Art
will understand that it is obvious that velocities are readily
obtained from differences in positions over known fime
intervals based on fundamental concepts of marine
navigation known for generations. In marine seismic
navigation systems at the time of invention, solutions for
positions are typically available several times per minute
which vields estimates of velocities several times per
minute as simple difterences of positions,

See, e.g., Workman 472 at Col. 2, 1 15-18 (“These
devices and methods may then be used to determine the
real time position of the seismic sources and seismic
streamer cables by computing a network solution to a
Kalman filter, as disclosed by U.S. Pat. No. 5,353,2237).

Kalman, R.E., 1960, “A New approach to Linear Filtering
and Prediction Problems,” Trans ot ASME-J. of Basic
Engineering, vol. 82 {Series D), pp. 35-36 discloses the
Himitation of “prediction.”

See, e.g., p. 36, bottom of right hand column in section
“Optimal  Estimation,” first paragraph: “we have a
prediction problem.  Since our treatment will be general
enough to include these and similar problems, we shall use
hereafter the collective term estimation.”

Estimation is a fundamental aspect of Kalman {ilering
technology. A person Having Ordinary Skill In The Art
will understand that the disclosed Kalman filter is a well-
known prior art technology that is obvious to use to obtain
an estimated velocity.

for at least some of the streamer
positioning devices, calculating
desired changes in the orientation
of their wings using said predicted
position and said estimated
velocity;

The Workman ‘472 patent discloses this limitation,

See, e.p., Workman “472 at Col. 3,11, 42-43 (... and a
streamer cable controller 16 for controfling the streamer
positioning devices 14™). See also, e.g., FIG. 2

See, e.g., Workman ‘472 at Col. 3, . 59-62 (... includes a
streamer conirol processor 40 for ... calculating a position

Lk
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cogrection to reposition the streamer cables 137)

See, e.g., Workman ‘472 at Col. 4, 1. 17-21 “The streamer
control processor 40 is connected to the streamer device
controiler 16, When the streamer cables 13 need to be
repositioned, the position correction is used by the
streamer device controfler 16 to adjust the streamer
positioning devices 14 and reposition the streamer cables
13

Given “predicted positions and estimated velocities”, a
Person Having Ordinary Skill in the Art will understand
that it is inherent that the “orientation of their wings”™ for
the streamer positioning devices necessarily must be
calculated to be able to implement any change in streamer
position or motion whatsoever.

and actuating the wing motors to The Workman *472 patent discloses this limitation.
produce said desired changes in
wing orientation. See, e.g., Workman ‘472 at Col. 1, I 55-57 ("For

example, devices to control the fateral positioning of
streamer cables by using camber-adjustable hydrofoils or
angled wings arc disclosed ...")

This limitation is also inherent. Given a desire to
reposition the streamers, then a Person Having Ordinary
Skill In The Art will understand that to change the “wing
orientation” for the streamer positioning devices will
necessartly require the action of a motor,

It would have been obvious to one of ordinary skill in the
art to have used an actuator or motor to produce the
desired changes.
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8. A method as claimed in The Workman 472 patent discloses this limitation of

claim 7, in which said global
control system is Further
configured into a streamer
separation mode, wherein said
global control system attempts to
direct said streamer positioning
device to maintain 2 minimum
separation distance between
adjacent streamers,

“streamer separation mode”,

See, e.g, Workman *472 at Col. 1, H.33-35 ("The ability
to control the position and shape of the streamer cables is
desirable for preventing the entanglement of the streamer
cables ...7).

See, e.g., Workman ‘472 at Col. 3, l1 538-67 (*In the
present embodiment of the invention, the marine seisimic
data acquisition system 05 also includes a streamer control
processor 40 for deciding when the streamer cables 13
should be repositioned and for caleulating a position
correction to reposition the streamer cables 13. Also in the
present embodiment of the invention, threshold parameters
are established for determining when the streamer cables
should be repositioned, Threshold parameters may include
a plurality of values for: minimum allowable separations
between streamer cables 13 ...7)

See, e.g.. Workman ‘472 at Col. 4, 1L 8-35 (discloses
streamer control processor).

16. Apparatus for controlling
the positions of marine seismic
streamer in an array of such
streamers being towed by a seismic
survey vessel, the streamers having
respective streamer positioning
devices disposed therealong and
each streamer positioning device
having a wing and a wing motor
for changing the horizontal
orientation of the wing so as to
steer the streamer positioning
device laterally, said apparatus
comprising:

U.S. Patent 5,790,472 (Adaptive Control of Marine
Seismic Streamers; Workman & Chambers; assigned to
Western Atlas; 1998) discloses this claim preamble.

The limitation of “marine seismic streamers in an array of
such streamers being towed by a seismic survey vessel” is
disclosed in the Workman *472 patent.

The limitation of “streamer positioning devices disposed
therealong and each streamer positioning device having a
wing and a wing motor {or changing the orientation of the
wing” is disclosed in the Workman “472 patent.

The limitation “to steer the streamer positioning device
faterally™ is disclosed in the Workman 472 patent.

See, ¢.g., Workman ‘472 at Col. 1, 1. 55-61 (describes
fateral positioning with wings). A wing motor to move a
wing is inherent in this invention because of the need for
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dynamic control to implement this invention.

See, e.g.. Workman ‘472 at Col. 2, 11. 32-33 (... the prior
art discloses a series of discrete devices for locating and
controlling the positions of streamer cables ...} and Col. 2,
1. 45-47 (“The present invention is an improved system for
controlling the position and shape of marine seismic
streamer cabies™)

See, g, Workman ‘472 at Cel. 3, 1. 33-43 ("As known to
those skilled in the art, components of the marine seismic
data acquisition system 05, on the vessel 11, may include
... a petwork solution system 10 for determining the
position of the streamer cables 13 and seismic sources 12,
and a streamer cable controfler 16 for controlling the
streamer positioning devices™).

See, ez, Workman 472 at Col_ 1, H. 17-19 (*Due to the
increasing use of marine 3-D seismic data, multi-cable
maring surveys are now commonplace”).

See, ez, Workman ‘472 at Col. 1, 1 45 ("Streamer
positioning devices are well known in the art™).

See, e.g., Warkman *472 at Col. 3, 1L 14-20 (“As known to
those skitled in the art, streamer positioning devices 14, for
example birds and tail buoys, may be attached to the
exterior of the streamer cables 13 for adjusting the vertical
and lateral positions of the streamer cables 13, The
streamer cables 13 include electrical or optical cables for
connecting the streamer positioning devices 14 to
individual control and logging sysiems™).

In the event that a wing motor is not considered inherent,
then it is obvious based on Workman ‘472 at Col, 1,11 27-
ol.

means for obtaining a predicted
position of the streamer positioning
devices;

Under 35 U.S.C. § 112,96, the Workman “472 patent
discloses structure that performs the claimed function of
obtaining a predicted position of the streamer positioning
devices and that is either identical to the structure
identified by the Court or cquivalent structure.

6
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See, e.g., As shown in Figure 2, the marine seismic data
acquisition system 05 comprises a streamer control
processor 40 and a streamer cable controller 16,

See, e.g, Workman ‘472 at Col. 3, H. 33-34 and 1. 42-44
{("As known to those skilled in the art, components of the
marine seismic data acquisition system 03, on the vessel
tH, may include ... a3 streammer cable controlier 16 for
controliing the streamer positioning devices 14.7),

See, e.g, Workman 472 at Col. 3, 1L 38-62 (... the
marine seismic data acquisition system 05 also includes a
streamer control processor 44 for deciding when the
streamer cables 13 should be repositioned and for
calculating a position correction {o reposition the streamer
cables 13.™)

See, e.g., Workman 472 at Col. 2, 11, 15-19 which
discloses “prediction™ in a Kalman filter. The
aforementioned disclosed structure performs the function
af: (“These devices and methods may thes be used to
determine the real time position of the seismic sources and
seismic streamer cables by computing a network solution
to a Kalman filter, as disclosed by 1.5, Pat. No.
5,353,2237).

Prediction is a fundamental aspect of Kalman filtering
technology. A PHOSITA wil understand that the disclosed
Kalman filter is a well-known prior-art technology that is
used to obtain a predicted position and that such filtering
technology is implemented using algorithms software.

See, e.p., Workman ‘472 at Col, 2, 1. 15-19 which
discloses “prediction”™ in a Kalman filter (“These devices
and methods may then be used to determine the real time
position of the seismic sources and seismic streamer cables
bv computing a network solution to a Kalman filter, as
disclosed by 1.8, Pat. No, 5,353,2237).

Kalman, R.E., 1960, “A New approach {o Linear Fillering
and Prediction Problems,” Trans of ASME-]. of Basic

4
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Engineering, vol. 82 (Series D), pp. 35-35 discloses the
hEmitation of “prediction.”

See, e.g.. p. 36, bottom of right hand column in section
“Optimatl Bstimation,”  first paragraph: “we have a
prediction problem. Since our treatment will be general
enough to include these and similar problems, we shall use
hereafter the collective term estimation.”

means for obtaining an estimated
vetocity of the streamer positioning
devices,

Under 35 U.S.C. § 112, 96, the Workman ‘472 patent
discloses structure that performs the claimed function of
obtaining an estimated velocity of the streamer positioning
devices and that is either identical to the structure
identified by the Court or cquivalent structure.

The *017 specification states that “The towing velocity and
crosscurrent velocity are preferably “water-referenced”
values that are calculated from the vesset speed and
heading values and the current speed and heading values,
as well as any relative movement between the seismic
survey vessel 10 and the bird 18 (such as while the vessel
is twrning). Alternatively, the global control system 22
could provide the tocal controf system with the horizontal
velocity and water in-flow angle. The foree and velocity
values are delivered by the global control system 22 as
separate values Tor each bird 18 on each streamer 12
continuausly during operation of the control system. The
“water-referenced” towing velocity and crosscurrent
velocity could alternatively be determined using
flowmeters or other types of water velocity sensors
attached directly to the birds 18.”

See, ez, As shown in Figure 2, the marine seismic data
acquisition system 05 comprises a streamer control
processor 40 and a streamer cable controller 16.

See, e.g., Workman <472 at Col. 2, 1L 15-18; at Col. 4, 1. 8;
and “prediction” in a Kalman filter at Col. 2., 1. 15-19.
The aforementioned disclosed structure performs the
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function oft “These devices and methods may then be used
to determine the real time position of the seismic sources
and seismic streamer cables by computing a network
solution to a Kalman filter, as disclosed by U.S. Pat. No.
5,353,223,

Given “a predicted position of the streamer positioning
deviees,” then a Person Having Ordinary Skill In The Ant
will understand that it is inherent that velocities are
necessarily obtained from differences in positions over
known time intervals based on fundamental concepts of
marine navigation known for generations. In marine
scismic navigation systems at the time of invention,
solutions for positions are typically available several times
per minute which necessarily yields estimates velocities
several times per minute as simple differences of positions.

Estimation is a fundamental aspect of Kalman filtering
technology. A person Having Ordinary Skill In The Art
will understand that the disclosed Kalman filter is a well-
known prior art technology that is used {o obtain an
estimated velocity.

Kalman, R.E., 1960, “A New approach to Linear Filtering
and Prediction Problems,” Trans of ASME-I. of Basic
Engincering, vol. 82 {Series 1), pp. 35-35 discloses the
limitation of “prediction.”

See, e, p. 36, bottom of right hand column in section
“Optimal  Estimation,” first paragraph: “we have a
prediction problem. Since our treatment will be general
enough 10 include these and similar problems, we shall use
herealter the collective term estimation.”

means {or calculating desired
changes in the orientations of the
respective wings of at feast some
of the streamer positioning devices
using satd predicied position and
said estimated velocity;

Under 35 U.S.C. § 112, % 6, the Workman ‘472 patent
discloses structure that performs the claimed function of
calculating desired changes in the orientations of the
respective wings of at least some of the streamer
positioning devices gsing said predicted position and said
gstimated velocity and that is either identical to the
structure identified by the Court or equivalent structure.

The Workman ‘472 patent discloses a global control

9
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svstem for performing the recited function. The Workman
‘472 patent discloses a structure to perform this function
comprised of a streamer cable controller and a streamer
control processor.

See, e.g., As shown in Figure 2, the marine seismic data
acquisition system 05 comprises a streamer control
processor 40 and a streamer cable controlfer 106,

See, e.g., Workman "472 at Col. 3,11, 42-43 ("... and a
streamer cable controller 16 for controlling the streamer
positioning devices 147}, See also, e.g., FIG. 2

See, e.g., Workman *472 at Col. 3, 1, 539-62 (... includes a
streamer control processor 40 for ... caleulating a position
correction to reposition the streamer cables 137)

See, e, Workman 472 at Col, 4, 1L 17-21 “The streamer
conitrol processor 40 is connected to the streamer device
controller [6. When the streamer cables 13 need to be
repositioned, the position correction is used by the
streamer device controller 16 to adjust the streamer
positioning devices 14 and reposition the streamer cables
137

This claim limitation “calculating desired changes in the
arientation of their wings using said predicted position and
said estimated velocity™ is afso an inherent aspect of the
invention. Given “predicted positions and estimated
velocities”, it 1s inherently necessary that the “orientation
of their wings™ for the streamer positioning devices must
be calculated to be able to implement any change in
streamer position or motion whatsogver,

and means for actuating the wing
motors to produce said desired
changes in wing orientation.

Under 35 U.S.C. § 112, 96, the Workman “472 patent
discloses structure that performs the claimed {function of
actuating the wing motors to produce said desired changes
in wing orientation and that is either identical to the

10
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structure identified by the Court or equivalent structure.

See, e.g., Workman ‘472 at Col. 1,11, 55-57 (“For
example, devices to controi the lateral positioning of
streamer cables by using camber-adjustable hydrofoils or
angled wings are disclosed ...

This claim limitation “actuating the wing motors to
produce said desired changes in wing orientation™ is also
an inherent aspect of the invention. Given a desire to
reposition the streamers, it is necessary that the “wing
orientation” for the streamer positioning devices will need
to be altered, which necessarily requires the action of’a
motor.

Even assuming that a motor would not be inherent in the
‘472 patent’s disclosure, the streamer cable controller 16
contrels the streamer positioning devices, or birds, to
produce a desired change in the wing orientation. Col. 3,
1L 30-45; col. 4, 11, 8-21. That necessarily occurs via some
type of actuator, and it would have been obvious to one of
ordinary skill in the art to have used an actuator or motor.

[
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LS. Patent No. 7,162,967 (the “967 patent™) Is Obvious Based on the Combination of
International Application WO 98/28636 (Bitileston *636) and
U.S. Patent 5,796,472 (Workman ‘472)

.5, Patent No. 7,162,967
Asserted Claims

Citations from prior-art

1. A method comprising: (a) towing
an array of streamers each having a
phurality of streamer positioning devices
there along, at least one of the streamer
positioning devices having a wing;

PCT Application WO 98/28636 (Control Devices for Controlling
the Position of a Marine Seismic Streamer; Bittleston; published 2
July, 1998) discioses these Hmitations.

See, ez, Bittleston *636 at p. 1, 1L 5-7 (“In order to perform a 3D
seismic survey, a plurality of such streamers are towed at about 3
knots behind a seismic survey vessel™)

See, e.g., Bittleston “636 at p. 1, 1L 14-15 ("control devices known
as birds, attached to each streamer at intervals of 200 to 300
meters, are used.”)

See, e.g., Bittleston ‘636 at FIGS. 1, 3-3 (figures depict wings)

See, e.g.. Bittleston *636 at p. 4, 2™ Paragraph (“The bird 10 is
provided with two opposed control surfaces, or wings, 24, typically
moulded from a fbre-reinforced plastics material, which project
horizontally outwardly from the body™},

U.S. Patent 3,790,472 (Adaptive Control of Marine Seismic
Streamers; Workman & Chambers: assigned to Western Atlas;
1998) discloses these limitations.

See, e.g., Workman ‘472 at Col, 1, li. 17-19 (“Due to the increasing
use of marine 3-ID seismic data, multi-cable marine surveys are
now commonplace”).

See, e.g, Workman *472 at Col. 1, 1. 45 ("Streamer positioning
devices are well known in the art™). TFurther, see, e.g., Col. 1, 1L
46-61 which references several prior art streamer positioning
devices with at least one wing.

See, e.g., Workman ‘472 at Col. 2, 1l 32-33 (... the prior art
discloses a series of discrete devices for locating and controHing
the positions of streamer cables ...7).
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(b)Y transmitting from a global control
system location information to at least
one local control system on the at least
one streamer positioning devices having
a wing; and

The Workman ‘472 patent discloses this limitation.

See, e.g., Workman 472 at Col. 3, 1L 58-62 (“the maring seismic
data acquisttion system 03 also includes a streamer control
processor 40 for deciding when the streamer cables 13 should be
repositioned and for calculating a position correction (o reposition
the streamer cables 137

See, e.g., Workman *472 at Col 4, 1L, 8-21. (“The streamer control
processor 40 is connected o the network solution system 10, the
seismic binning system 30, the streamer positioning  control
devices 14, and the selsmic data recording system 18 and receives
the real time signal outputs of these systems. The streamer control
processor 40 evaluates these real time signabs and the threshold
pacameters from the terminal 32 to determine when the streamer
cables 13 need o be repositioned and (o calculate the position
correction reguived to keep the streamer cables 13 within the
threshold  parameters. The streamer control  processor 40 s
connected (o the streamer device controtier 160 When the streamer
cables |3 need to be repositioned, the position correction is used by
the streamer device controllier 16 to adjust the streanter positioning
devices 14 and reposition the streamer cables 13.7)

A Person Having Ordinary Skill In The Art will find this limitation
obvious from the Bittleston ‘636 application. See, e.g, FIG. 2
where the inputs 35, 37, and 38 obviously must come from a global
control system.

See, e.g., Bitlleston *636 at p. 4, last Paragraph which discloses a
local controller: (“The greater part of the length of the body 12 of
the bird 10 is flexible, the only rigid parts being the connectors 20,
22, and a short central section which houses the control system™)

See, e.p., Bittleston 636 at page 5, Paragraph 3 which discloses a
local controller and communication with a global controller: (“The
control system 26 is schematically illustrated in Figure 2, and
comprises a microprocessor-based contrel circuit 34 having
respective inputs 35 to 39 to receive control signals representative
of desired depth, actual depth, desired lateral position, actual lateral
position and rolt angle of the bird 10™)

[}
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{c) adjusting the wing using the local
control system,

The Bittleston ‘636 application discloses this limitation.

See, e.g., Bittleston 636 at p. 6, 1L 8-10 (“The control circuit 34
then adjusts each of the wings 24 independently by means of the
stepper motors 48, 50 so as to start to achieve the calculated ...
wing angular positions™).

See, e.g.. Bittleston *636 at p. 4, last Paragraph which discloses a
local controller: (“The greater part of the fength of the bedy 12 of
the bird 10 is flexible. the only rigid parts being the connectors 20,
22, and a short central scetion which houses the control system™).
femiphasis added]

See, e.g., Bittleston *636 at FIG. 2 which discloses a local control
system within the bird:  (“Figure 2 is a simple schematic of a
control system forming part of the streamer control device of
Figure 17).

The Workman ‘472 patent discloses this limitation as prior art
See, e, Workman ‘472 a1 Col. 1, ll. 55-537 (“For example,

devices to control the lateral positioning of streamer cables by
using camber-adjustable hydrofoils or angled wings are disclosed™)

4, The method as claimed v claim
1, wherein the global control system
transmits a desired vertical depth for the
at least one streamer positioning device
and the local control system calculates
magnitude and direction of the deviation
between the desired vertical depth and
actual depth.

The Bittleston 636 application discloses this limitation.
See claim 1 Analysis.

See, e.g.. Bittleston 636 at p. 6, 1L 1-2, where a local conwrol
system receives desired depth information from a global control
system: (“In operation, the control circuit 34 receives between it
inputs 35 and 36 a signal indicative of the difference between the
actual and desired depths of the bird 107)

Further, Bitdeston 636 at p. 6, U 3-8 ("These
difference signals are used by the control circuit 34 w calculate the
roll angle of the bird 10 and the respective angular positions of the
wings 24 which together will produce the vertical force
{upwardly or downwardlyy ... required to move the bird 10 1o the
desired depth™).

see, p.g.
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See, eg., Bittleston “636 at page 5, Paragraph 3 which discloses a
local controller and communication with a global controller: (“The
control system 26 is schematically illustrated in Figure 2, and
comprises a microprocessor-based controf circuit 34 having
respective inputs 35 1o 39 to receive control signals representative
of desired depth, actual depth, ... of the bird 107).

5. The method as claimed in claim
1. wherein the global control system

transmits a desired horizontal
displacement  for the at least one

streamer positioning device and the local
control system calculates magnitude and
direction of the deviation between the

The Bittleston 636 application discloses this limitation.
See claim 1 Analysis.

See, e.g., Bittleston *636 at p. 6, 1. 1-4, and F1G. 2, where a local
control system receives desired lateral position information 37 and
receives actual lateral position 38 from a global control system:
{“in operation, the control circuit 34 receives .. between its inputs
37 and 338 a signal indicative of the dilference between the actual
and desired lateral positions of the bird 10.7)

Further, see. eg. Bittleston 636 at p.o 6, I 4-8 (“These
difference signals are used by the control ¢ircut 34 to calculate the
roll angle of the bird 10 and the respective angular positions of the
wings 24 which together will produce the ... lateral force (lefi or
righty required (o move the bird 10 1w the desired lateral
position™).

See, e.g., Bittleston *636 at page 5, 3% Paragraph which discloses a
local controller and communication with a global controllers (“The
control system 26 is schematically iHustrated in Figure 2, and
comprises a microprocessor-based control circuit 34 having
respective inputs 35 to 39 to receive control signals representative
of ... desired lateral position, actual lateral position, ... of the bird
10™).

desired horizontal  displacement  and
aciual horizontal displacement.,
b, The method as claimed in ¢laim

1, comprising calculating velocity of at
least one of the streamer positioning
devices, wherein the calculating velocity
comprises at least one of a) using a

At the time of the invention, it was obvious to a Person Having
Ordinary Skill In The Art that velocities of the streamer positioning
devices are readily calculated from the successive positions of said
streamer positioning devices at a series of time.

At the time of the invention, it was obvious to a Person

{a.)
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vessel speed received from a navigation
system on & seismic survey vessel; b)
compensating for the speed and heading
of marine currents acting on the at least
one streamer positioning device; and ¢)
compensating  for relative movement
between the seismic survey vessel and
the at least one streamer positioning
device.

Having Ordinary Skill In The Art that “calculating velocity of at
feast one of the streamer positioning devices” must include the
“vessel speed” as the major component because the vessel is
towing the streamers and the streamer positioning devices. It is
afso obvious to a Person Having Ordinary SkiHl In The Art that the
“calculating velocity” involves a vector which by definition must
include direction as well as speed. Thus in addition to the “vessel
speed”™ it is required to also have information regarding vessel
heading, course, and track-made-good.)

At the time of the invention, it was also obvious to a Person
Having Ordinary Skili In The Art that it was routine navigational
practice to obtain vessel speed in any of several ways within the
prior-art,  For example, satellite navigation or radio-navigation
systems can  routinely provide wvessel position and speed.
Additionally, Doppler sonar speed logs or electromagnetic speed
logs are well-known commercially available prior-art devices
which can provide vessel speed through the water.

(b.y At the time of the invention, 1t was obvious fo a Person
Having Ordinary Skill In The Art to utilize long-standing prior-art
navigational technigues to “compensate for the speed and heading
of marine currents”™.

{c.y At the time of the invention, it was obvious to a Person
Having Ordinary Skill In The Art that the vector combination of
the relative velocity vector {“relative movement between the
seismic survey vessel and the atl least one streamer positioning
device.™) and vessel velocity (referenced to the water as in claim
3.} to obtain a velocity “compensated for relative movement” is
obvious application of well-known prior-art in the vector analysis
of velocities.

7. The methed as claimed in claim
6, in which said step of adjusting the
wing using the local control system is
regulated to prevent the positioning
device from stalling.

Al the time of the invention, it was obvious 10 a Person Having
Ordinary Skill In The Art to regulate wing angles to prevent
stalling, given complete information about the relative geometry of
the wings and water flow over the wings, including the geometric
or effective angle-of-attack,
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. The method as claimed in claim
7. in which said step of using the
location information to calculate desired
forces on the at least one sireamer
positioning device is regulated by the
global control system located on or near
a seismic survey vessel that is configured
into a feather angle mode, wheregin the
global control system attempts to direct

the streamer positioning  devices o
maintain each of the streamers in a
straight line offset from the towing

direction of the marine seismic vessel by
a certain feather angle, and into a tarn
control mode, wherein the global control
system directs the streamer positioning
devices to generate a foree in the
opposite  direction of a turm at the
beginning of the turn.

See Claim 7 Analysis,

It would have been the at least one streamer positioning device is
regulated by the global control svstem located on or near a seismic
survey vessel that is configured into a feather angle mode, wherein
the global control system  attempts 1o direct the streamer
positioning devices to maintain each of the sireamers in a straight
line offset from the towing direction of the marine seismic vessel
by a certain feather angle, and into a turn control mode, wherein
the global control system directs the streamer positioning devices
to generate & force in the opposite direction of a turn ar the
beginning of the turn.

At the time of the invention, it was obvious 10 a Person Having
Ordinary Skill In The Art to describe various equivalent modes of
operation for multiple streamers having lateral control.  Various
modes of operation of seismic streamers had been publicly
recognized within the sefsmic industry since the 1970°s and
198{°s, and became widely recognized in commercial practice by
the early [99s. The Hmitation of “a feather angle mode wherein

. mainiain each of said streamers in a straight line offset from the
towing direction of said marine seismic vessel by a certain feather
angle” was recognized as obvious from the time of the first
commercial use of multiple streamers. This concept of desiring 1o
tow streamers straight and parallel with constant feather angle was
widely recognized and employed as commercial practice by the
garly 19907s. At the time of the invention, the limitation of “a
feather angle mode wherein ... maintain cach of said streamers in a
straight line offset from the towing direction of said marine seismic
vessel by a certain feather angie™ was obvious. At the time of the
invention, it was also obvious to operate streamers in circles (so-
called circle-shoots).

It was known to persons of ordinary skill in the art by at least
before 1995 that global control systems were used to control the
streamer positing devices, and that such control systems were
located at or near the vessel. Using globai control systems to direct
the streamer positioning devices to maintain each of the sireamers
in a straight line offset from the towing direction of the marine
seismic vessel by a certain feather angle, and to generate a force in
the opposite direction of a turn at the beginning of the turn were
also well known in the art at that time, making this obvious in lght
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of the cited combination.

9. The method as claimed in claim
8, which said global control system is
turther  configured into  a  streamer

separation mode, wherein said global
control system attempts to dircet said
stremmer positioning device to maintain a
minimum separation distance between
adiacent streamers.

The Workman ‘472 patent discloses this streamer separation mode.
See claim 8 Analysis,

See, ez, Workman 472, Col 1, H, 33-33 (“The ability 1o control
the position and shape of the streamer cables is desirable for
preventing the entanglement of the streamer cables™).

See, e.g., Workman 472, Col. 3, lL. 65-67 {“Threshold parameters
may include a plurality of wvalues for: minimum allowable
separations between streamer cables™)

At the time of the invention it was obvious to a Person Having
Ordinary Skill In The Art that “streamer separation moede”
exemplified commonsense commercial practice. It was obvious
that avoiding entanglement of multiple sireamers was the primary
goal and mode of operation since the earliest multi-streamer 3D
seismic surveys in the late 1980°s and early 19907s.

10. The method as claimed in claim
9, further including  the
disptaying the position of said streamer
positioning  devices on  said  seismic
survey vessel,

step  of

See Claim 9 Analysis.

Al the time of the invention, it was obvicus to a Person Having
Ordinary Skill In The Art that displaying the positions of the
streamer positioning devices (and of the entire streamer) was
necessarily common commercial practice. Such displays utilized
many different forms of computer graphics devices and display
algorithms.

LS. An array of seismic streamers
towed by a towing vessel comprising:

The Bittleston “636 application discloses this limitation.
See, e.g., Bittleston *636 at p. 1, 1. 5-7 (*In order to perform a 3D
seismic survey, a plurality of such streamers are towed at about §

knois behind a seismic survey vessel, ... 7)

This hmitation is disclosed in the Workman ‘472 patent.
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See, e.g., Workman ‘472 at Col. 1, I 17-19 (“Due to the increasing
use of marine 3-1) seismic data, multi-cable marine surveys are
now commonplace™).

See, ez, FIG. 1 which discloses 4 towing vessel,

{a) a plurality of streamer positioning
devices on or inline with each streamer,
at least one of the streamer positioning
devices having a wing;

See, e.g.,

The Bittleston 636 application discloses this limitation.

See, e.g., Bittleston “636 at p. 1, 1. 14-13 (“control devices known
as birds, attached o ecach streamer at intervals of 200 to 300
meters, are used.”)

Bittleston “636 at FI1GS. 1, 3-5 {figures depict wings)

See, e.g., Bittleston *636 at p. 4, 2 ¢ Paragraph (“The bird 10 is
provided with two opposed control surfaces, or wings, 24, typically
moulded trom a fibre-reinforced plastics material, which project
horizontally outwardly from the body™).

This limitation is disclosed in the Workman 472 patent.

Workman ‘472 at Col.
well known in the art™).
prior art

. L 45 ("Streamer positioning
Further, see, e.g., Col. 1, 1L
streamer positioning

See. e.g.,
devices are
46-61 which references several
devices with at least one wing.

See, e.p., Workman 472 at Col. 2, i 32-33
discloses a series of diserete devices for locating
the positions of streamer cables™).

{"“the prior art
and controlling

(b} a global control system transmitting
lacation information to at east one local
control  system on the at least one
streamer  positioning  device having a
wing. the local control system adjusting
the wing.

The Workman 472 patent discloses this limitation.

472 at Coll 3, 1 5862 “the marine seismic
data acquisition system 03 inciudes  a streamer  controd
processor 4 for deciding when the streamer cables 13 should be
repositioned and for caleulating a position correction {o reposition
the streamer cables 137).

See. eg., Workman
also

See, ¢.g.. Workman 472 at Cob 4, 11 8-21. {"The streamer control
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processor 40 s connected 1o the network solution system 10, the
seisinic binping system 30, the slreamer positioning control
devices 14, and the scismie data recording system |8 and receives
the real time signal outputs of these systems. The streamer controd
processor 40 evaluates these real time signals and the threshold
parameters from the rerminal 32 to determine wlien the streamer
cables 13 need to be repositioned and 1o caleulate the position
correction reguired 1o keep the streamer cables 13 within the
threshold  parameters. The  streamer control processor 40 1
connected to the streamer device controlier 16, When the streamer
cables 13 need to be repositioned, the position correction is used by
the streamer device controtler 16 to adjust the streamer positioning
devices 14 and reposition the streamer cables 1377

A Person Having Ordinary Skill In The Art will find this limitation
obvious from the Bittleston ‘636 appiication. See, e.g., FIG. 2
where the inputs 35, 37, and 38 obviously must come from a global
control system,

See, e.g., Bittleston ‘636 at p. 5, Paragraph 3 which discloses a
tocal controller and mmnmmcmmn with a global controfler: (“The
control system 26 is schematically illustrated in Figure 2, and
comprises a microprocessor-based control circuit 34 having
respective inputs 35 to 39 to receive control signals representative
of desired depth, actual depth, desired lateral position, actual lateral
position and roll angle of the bird 107)

See. e.g., Bittleston ‘636 at p. 4, last Paragraph which discloses a
Jocal controller: (““The greater part of the fength of the body 12 of
the bird 10 is flexible, the oniy rigid parts being the connectors 20,
22, and a short central section which houses the control system™}).

See, e.z., Bittleston ‘636 at p. 5, Paragraph 4 {(“The control circuit
34 has two control outputs 44, 46, connected to control respective
clectrical stepper motors 48, 50, cach of which is drivingly
connected to a respective one of the wings 24.7).

See, e.g., Bittleston *6306 at p. 6, t, 8-10 (“The control circuit 34
then ‘1d|usts each of the wings 24 independently by means of the
stepper motors 48, 50 so as to start to achieve the calculated |
wing angular positions™).

Y
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EXHIBIT 13

LLS. Patent No. 7,080,607 (the “‘607 patent™) Is Obvious In View of
.S, Patent 5,790,472 (Workman ‘472) and Kalman Reference

U.S. Patent No.
7,088,607
Asserfed Claims

Citations from prior-art

I. A method
comprising: {a} towing an
a fsicl array of streamers
each having a plurality of
streamer pasitioning
devices there along,

U.S. Patent 5,790,472 (Adaptive Control of Marine Seismic Streamers;
Workman & Chambers; assigned to Western Atlas; 1998) discloses this
limitation

See, e.g., Workman *472 at Col. 2, [l 32-33 (... the prior art discloses
a series of discrete devices for locating and controlling the positions of
streamer cables™ and Col. 2, 11 45-47 (“The present invention is an
improved system for controlling the position and shape of marine
seismic streamer cables™).

See, e.g.. Workman *472 at Col, 1, H, 17-19 (*Due to the increasing use
of marine 3-I seismic data, multi-cable marine surveys are now
commonplace™)

See, e.g., Workman ‘472 at Col. 1, 1. 45 (“Streamer positioning devices
are well known in the art™)

See, e.g., Workman 472 at Col. 3, 1. 14-20 ("As known 1o those
skilled in the arf, streamer positioning devices 14, for example birds
and tail buoys, may be attached to the exterior of the streamer cables 13
for adjusting the vertical and lateral positions ol the streamer cables 13.
The streamer cables 13 include electrical or optical cables for
connecting the streamer positioning devices 14 to individual control
and logging systems”).

{b} predicting positions of

at  least some of the
streamer positioning
devices;

The Workman *472 patent discloses this limitation.

See, e, Workman ‘472 at Col. 2, 1. 15-18 (“These devices and
methods may then be used to determine the real time position of the
seismic sources and seismic streamer cables by computing a network
solution to a Kaiman filter, as disclosed by U.S. Pat. No. 5,353,2237

Kalman, R.E., 1960, “A New approach to Linear Filtering and
Prediction Problems,” Trans of ASME-]. of Basic Engineering, vol. 82

20601031
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Citations from prior-art

{Series D), pp. 35-35 discloses the limitation of “prediction.”

See, e.g., p. 36, bottom of right hand column in section “Optimal
Estimation,” first paragraph: “we have a prediction problem. Since
our treatment will be general enough to include these and similar
problems, we shall use hereafler the collective term estimation.”

Prediction is a fundamental aspect of Kalman filtering technology. A
Person Having Ordinary Skill In The Art will understand that the
disclosed Kalman filter is a well-known prior art technology that is
obvious to use to obtain a predicted position.

¢) using the predicted
[l

positions  to caleulate

desired changes in

position of oneg or more of

the streamer positioning
devices: and

The Workman 472 patent discloses this limitation,

See, e.g., Workman 472 at Col. 3, 1§ 42-43 (“and a streamer cable
controller 16 for controlling the streamer positioning devices 147}, See
also, eg., FIG, 2

See, e.g., Workman 472 at Cel. 3, H. 39-62 (“includes a streamer
control processor 40 for ... calculating a position correction to
reposition the streamer cables 137)

See, e.g., Workman ‘472 at Col. 4, H. 17-21 (*The streamer control
processor 40 is connected to the streamer device controller 16. When
the streamer cables 13 need to be repositioned, the position correction
is used by the streamer device controller 16 to adjust the streamer
positioning devices 4 and reposition the streamer cables 13.7)

This ¢laim limitation “calculate desired changes in position of one or
more of the streamer positioning devices™ is also an inherent aspect of
the invention. Given “predicted positions,” it is inherently necessary
that “desired changes in position” for the streamer positioning devices
must be calculated 1o be able fo implement any change in streamer
position or motion whatsoever,

(d) implementing at least
some  of  the desired
changes.

The Workman 472 patent discloses this limitation.

See. e.g., Workman 472 at Col. 1, Il 35-37 (“For cxample, devices to
control the lateral positioning of streamer cables by using camber-

2664102vE
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7,080,607
Asserted Claims

Citations from prior-art

adjustable hvdrofoils or angled wings are disclosed™)

This clabm limitation “actuating the wing motors to produce said
desired changes in wing orientation™ is also an inherent aspect of the
invention. Given a desire to reposition the streamers, it is inherently
necessary that the “wing erientation” for the streamer positioning
devices will need to be altered, which inherently requires the action of
a motor, or equivalent.

8. A method  as
claimed in claim 7, in
which said global control
sysiem is further
configured Hito a
streamer separation
mode, wherein said
global  control  system
attempts  to direct said
streamer positioning
device to  maintain a
minimum separation

distance between adjacent
streamers.

The Workman 472 patent discloses the streamer separation mode.

See, e.g.. Workman 472, Col. 1, 1. 35-35 ("The ability to control the
position and shape of the streamer cables is desirable for preventing the
entanglement of the streamer cables™).

See, e.g., Workman ‘472, Col. 3, 1. 65-67 {Threshold parameters may
include a plurality of wvalues forr minimum allowable separations
between sireamer cables™).

15, An
seismic streamers towed
by a towing  vesse]
comprising:

array of

The Workman 472 patent discloses this limitation.
See, e.p., Workman 472 at Col. 1, 1L 17-19 ("Due to the increasing use
of marine 3-I3 seismic data, multi-cable marine surveys are now

commonplace™)

See, ez, FIG. | which discloses a towing vessel.

(a) a plurality of streamer
positioning devices on or
inline with each streamer;

The Workman “472 patent discloses this limitation.

See, e.g., Workman 472 at Col. 2, I, 32-33 (“the prior art discloses a
series of discrete devices for locating and controlling the positions of
streamer cables™) and Col. 2, 11 45-47 (“The present invention is an
improved system for controlling the position and shape of marine
seismic streamer cables™).

20041 02v1

WesternGeco Ex. 2033, pg. 300
IPR2015-00567
ION v WesternGeco




LIS, Patent No.
7,080,607
Asserted Claims

Citations from prior-art

See, e.g., Workman ‘472 at Col. 1, |, 45 (“Streamer positioning devices
are well known in the art™

See, eg., Workman 472 at Col. 3, . 14-20 (*As known to those
skilled in the art, streamer positioning devices 4, for example birds
and tail buoys, may be attached 1o the exterior of the streamer cables 13
for adjusting the vertical and lateral positions of the streamer cables 13,
The streamer cables 13 include electrical or optical cables for
connecting the streamer positfoning devices 14 to individual control
and logging systems™).

(by o prediction  unit
adapted o predict
positions of at least some
of the streamer
positioning deviges; and

The Workman “472 patent discloses this limitation.

See, e.g., Workman 472 at Col. 2. . 13-18 (“These devices and
methods may then be used to determine the real time position of the
seismic sources and seismic streamer cables by computing a network
solution to a Kalman filter, as disclosed by U.S. Pat. No, 5,353,2237

Kalman, R.E., 1960, “A New approach to Linear Filtering and
Prediction Problems,” Trans of ASME-J. of Basic Engineering, vol. 82
(Series ), pp. 35-35 discloses the limitation of “prediction.”

See, e.g., p. 36, bottom of right hand column in section “Optimal
Estimation,” first paragraph: “we have a prediction problem. Since
our treatment will be general enough to include these and similar
problems, we shall use hereafter the collective term estimation.”

Prediction is a fundamental aspect of Kalman filtering technology. A
Person Having Ordinary Skill In The Art will understand that the
disclosed Kalman filter is a well-known prior art technology that is
obvious to use to obtain a predicted position.

(¢} a control unit adapted

to use the predicted
positions  to  caleulate
desired changes in

positions of one or more
of the streamer

The Workman ‘472 patent discloses this Hmitation.

See, ez, Workman 472 at Col. 3, 1. 42-43 ("and a streamer cable
controller 16 for controlling the streamer positioning devices 147}, See
also, e.g., FIG, 2
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positioning devices,

See, e, Workman 472 at Col. 3, 1L 5962 {“includes a streamer
control processor 40 for . calculating a position correction to
reposition the streamer cables 137)

See, c.g., Workman ‘472 at Cel. 4, 1. 17-21 {®*The streamer control
processor 40 is connected to the streamer device controller 16, When
the streamer cables 13 need Lo be repositioned, the position correction
is used by the streamer device controller 16 to adjust the streamer
positioning devices 14 and reposition the streamer cables [3.7)

This claim Hmitation “calculate desired changes in position of one or
more of the streamer positioning devices” is also an inherent aspect of
the invention. Given “predicted positions,” i is inherently necessary
that “desired changes In position” for the streamer positioning devices
must be calculated to be able to implement any change in streamer
position or motion whatsocver,
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EXHIBIT 14

LS. Patent Neo. 7,080,607 (the “*687 patent”} Is Obvious In View of
International Application WO 98/28636 (Bittleston *636) and

LS, Patent 5,790,472 (Workman *472)

(LS, Patent No. 7,080,607
Asserted Claims

Citations from prior-art

k. A method comprising: (a)
towing an a [fsic/
streamers each having a plurality
of streamer positioning devices
there along;

array  of

PCT Application WO 98/28636 (Control Devices for Controlling the Position
of a Marine Seismic Streamer; Bitleston; published 2 July, 1998) and U.S.
Patent 3,790,472 disclose this Hmitation.

See, e.g., Bittleston *636 at p. 1. H. 57 (*In order to perform a 3D seismic
survey, a plurality of such streamers are towed at about 53 knots behind a
seismic survey vessel™)

See, e.g., Bittleston “636 at p. 1, il 14-15 (“control devices known as birds,
attached to cach streamer at intervals of 200 o 300 meters, are used.”)

See. e.g.. Workman “472 at Col. 2, 1. 32-33 (*the prior art discloses a series of
discrete devices for locating and controlling the positions of streamer cables™)
and Col. 2, 1. 45-47 {*The present invention is an improved system for
controlling the position and shape of marine seismic streamer cables™).

See, e.g, Workman ‘472 at Col. |, 1l 17-19 (“Due to the increasing use of
marine 3-I) seismic data, multi-cable marine surveys are now commonplace™)

See, ey, Workman 472 at Col. 1, L 45 (“Streamer positioning devices are
well known In the art™

See, e.g., Workman 472 at Col, 3, I, 14-20 (*As known to those skilled in the
art, streamer positioning devices 14, for example birds and tail buoys, may be
attached to the exterior of the streamer cables 13 for adjusting the vertical and
fateral positions of the streamer cables 13. The streamer cables 13 include
electrical or optical cables for connecting the streamer positioning devices 14
to individual control and logging systems™).

{b} predicting positions of at
feast some of the streamer
positioning devices;

The Bittleston *636 application and the Workman 472 patent disclose this
limitation.

See, eg., Bittleston ‘636 at p. 5, 1[-14 (“The control system 26 is
schematically Hustrated in Figure 2, and comprises a microprocessor-based
control circuit 34 having respective inputs 35 to 39 to receive control signals
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representative of ... actual lateral position”) in conjunction with p. 5, 1L 18-20
(*The lateral position signals are tvpically derived from a position determining
system of the kind described in our US Patent No 4,992,990 or our

Lo SR L]

International patent Application No WO9621163.7)

See, e.g., Workman 472 at Col. 2, 1. 15-18 (“These devices and methods may
then be used to determine the real time position of the seismic sources and
seismic streamer cables by computing a network solution to a Kalman fikter, as
disclosed by U.S. Pat. No. 5,353,223™)

Prediction is a fundamental aspect of Kalman fGltering technology. A Person
Having Ordinary Skill In The Art will understand that the disclosed Kalman
filter is a well-known prior art technology that is obvious to use o obtain a
predicted position.

(¢) using the predicted posttions
1o calculate desired changes in
position of one or more of the
streamer positioning devices; and

The Bitleston ‘636 application and the Workman 472 patent disclose this
limitation.

See, eg., Bittleston ‘636 at p. 5, H. 11-14 (“The control system 26 is
schematically illustrated in Figure 2, and comprises a microprocessor-based
control circuit 34 having respective inputs 35 to 39 to receive control signals
representative of ... actual lateral position™).  Further at p. 6, il 1-8 {"In
operation, the control circuit 34 receives ... between its inputs 37 and 38 »
signal indicative of the difference between the actual and desired lateral
positions of the bird 10 ... difference signals are used by the control circuit 34
to calculate the respective angular positions of the wings 24 which together
will produce the ... lateral force (left or right) required to move the bird 10 to
the desired ... lateral position.™).

See also, e.g., FIG. 2 of Bittleston *636.

See, e.g., Workman ‘472 at Col. 3, Il 42-43 (*a streamer cable controller 16
for controlling the streamer positioning devices 147}, See also, e.g., FIG. 2

See. e.g., Workman 472 at Col. 3, H. 59-62 (“includes a streamer control
processor 40 for ... calculating a position correction to reposition the streamer
cables 13™)

See, e.g.. Workman 472 at Col. 4, H. 17-21 (“The streamer control processor
40 is connected to the streamer device conmtroller 16, When the streamer
cables 13 need to be repositioned, the position correction is used by the
streamer device controfler 16 to adjust the streamer positioning devices 14 and
reposition the streamer cables 13.7)

2
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It is obvious to @ Person Having Ordinary Skill In The Art that, given
“predicted positions”, it is necessary that “desired changes in position” for the
streamer positioning devices must be calculated to be able to implement any
change in streamer position or motion whatsoever.

{d) implementing at least some
of the desired changes.

The Bittleston 636 application and the Workman 472 patent disclose this
limitation.

See, e.g., Bittleston *636 at p. 6. 1. 8-10 {*The control circuit 34 then adjusts
each of the wings 24 independently by means of the stepper motors 48, 50 so
as to start {o achieve the calculated ... wing angular positions™),

See, e.g., Workman 472 at Col. 1,11 35-57 (“For exampie, devices to control
the lateral positioning of streamer cables by using camber-adjusiable
hvdrofoils or angled wings are disctosed™)

This claim limitation “actuating the wing motors o produce said desired
changes in wing orientation” is also an inherent aspect of the invention. Given
a desire to reposition the streamers. it is inherently necessary that the “wing
orientation” for the streamer positioning devices will need to he alered, which
inherently requires the action of a motor or actuator.

2. A method as claimed in
claim i, comprising estimating

velocity of at feast some of the
streamer  positioning  devices,
wherein said estimated velocity
is calculated using a vessel speed
received from a navigation
svslem on said seismic survey
vessel.

The Workman 472 patent discloses this limitation.

See, e.g., Workman *472 at Col. 3, . 33-50 (“As known to those skilled in the
art, componenis of the marine seismic data scguisition svstem 03, on the
vessel L may include a vessel posttioning system 24 for determining the
position of the vessel 11 by satellite navigaton, ... a network selution svstem

10 For determining the position of the streamer cables™)

At the time of the invention, it was obvious to a Person Having Ordinary Skill
In The Art that this limitation was commercially available prior-art, 1t was
obvious o use commercially available navigation systems, including satellites,
to determine vessel speed (and track-made-good); and to use commercially
available Kalman filter based navigation svstems, or equivalents, which can
estimate velocities of locations along a streamer, such as a streamer
positioning device.

At the time of the invention, it was obvious to a Person Having Ordinary Skill
In The Art that the “estimated velocity” of the streamer positioning devices
must include the “vessel speed™ as the major component because the vessel is
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towing the streamers and the streamer positioning devices. It is also obvious
to a Person Having Ordinary Skill In The Art that the “estimated velocity” is a
vector which by definition must include direction as well as speed. Thus in
addition 1o the “vessel speed™ it is required to also have information regarding
heading, course, and track-made-good.

3. A method as claimed in
claim 2, in which said estimated
velocity 18 a water referenced
towing velocity that compensates

for the speed and heading of

marine currents acting on said
streamer positioning devices.

At the time of the invention, it was obvious to a Person Having Ordinary Skill
In The Art to utilize the vector combination of the towing velocity vector and
current velocity to obtain a “water referenced towing velocity”™. Further it was
obvious that this hmitation was disclosed in long-standing navigational prior-
art discloses techniques for “dead reckoning™ which “compensate for the
speed and heading of marine currents.”

At the time of the invention, it was also obvious to a Person Having Ordinary
Skill In The Art to utilize commercially available prior-art devices and
methods such as Doppler sonar current meters or electromagnetic speed logs
that can directly provide vessel speed and course through the water.

Workman ‘472 discloses this limitation.

g.. Workman *472 at Col 1, ll. 28-34 which recognizes the need 1o
compensate for the effect of marine currents on streamers, and the attached
streamer positioning devices.  ("A npaturab consequence ol towing such
streamer cable configurations in a marine environment is that currenis, wind,
and wave action will deflect the streamer cables from their intended paths.
Streamer cable drift is a continuing problem for marine seismic surveys.
The ability to control the position and shape of the streamer cables i3
desirable™)

See, e.g

Then, further, see, e.g., Workman “472 at Col. 2, 1. 45-47 which discloses a
sotution to this problem (“The present invention is an improved system for
controlling the position and shape of marine seismic streamer cables.”)

4. A method as claimed in
claim 3, in which said estimated
velocity 18
refative movement between said
seismic survey vessel and said
streamer positioning devices.

compensated  for

The Workman 472 patent discloses this limitation.

See, e.g., Workman *472 at Col. 3, 1L 33-50 {("As known (o those skilled in the
art, components of the marine seismic data acquisition system 85, on the
vessel 11 may include a vessel positioning svstem 20 for determining the
posttion of the vessel 11 by satellite navigation, ... a network solution system
1O for determining the position of the streamer cables™)
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At the time of the invention, it was obvious to a Person Having Ordinary Skill
In The Art that this hmitation was commercially available prior-art. It was
obvious to use commercially available navigation systems, including satellites,
to determine vessel speed (and track-made-good); to use commercially
available acoustic and streamer compass based streamer navigation systems;
and to use commercially available Kalman filter based navigation systems, or
equivalents, which readily estimate velocities of locations along a streamer,
such as a streamer positioning device.  Then having vessel velocity and
streamer positioning device velocity, this obviously gives relative movement.

At the iime of the invention, # was cbvious to a Person Having Ordinary Skill
In The Art that the vector combination of the refative velocity vector (“relative
movement between said seismic survey vessel and said streamer positioning
devices.”y and vessel velocity {referenced to the water as in claim 3) to obtain
a “velocity [that} is compensated” for the streamer positioning devices is a
simple apphication of well-known prior-art in the vector analysis of velocities.

5. A method as claimed in
claim 2,
using the predicted positions to
calculate  desired  changes in
position of one or more of the
streamer  positioning  devices
further uses an estimate of the
crosscurrent velocity  at  the
respective  streamer  positioning
device.

in which said step of

At the time of the invention, it was obvious to a Person Having Ordinary Skill
In The Art to use commercially available Doppler sonar speed logs or
efectromagnetic speed logs to provide vessel speed through the water which
can be used in classical prior-art navigation to compare with radio-navigation
or satellite positions of the vessel 1o determine crosscurrents,

At the time of the invention it was obvious 1o a Person Having Ordinary Skill
In The Art that it is possible to calculate a desired change in wing orientation
only if an “estimate of the cross-current velocity™ is available, i, only if the
so-called angle-of-attack of the wings relative 1o water flow were available,
rather than simply the angle of the wings relative to the streamer axis. Then
given the complete geometry information including the crosscurrent and the
angle-of-attack, the relationships of forces and wing angles and wing shapes
are obvious as well-known prior-art.

LA
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6. A method as claimed in

claim 5, in which said step of

using the predicted positions fo
calcuiate desired changes in
position of one or more of the
streamer  positioning devices s
regulated 1o prevent  the
positioning device from stalling.

At the time of the invention, it was obvious to a Person Having Ordinary Skill
in The Art to regulate wing angles to prevent staliing, given complete
information abeut the relative geometry of the wings and water flow over the
wings, including the so-called angle-of-attack.

7. A method as claimed in

claim 6, in which said step of

using the predicted positions to
calculate  desired  changes in
position of one or more of the
streamer positioning devices s
regulated by a global control
system  located on or near a
seismic vessel  that s
configured into a feather angle
made,  wherein  said  global
control system attempts to direct
the streamer positioning devices
to  maintain  each of  said
streamers in a straight line offset
from the towing direction ot said
marine seismic  vessel by a
certain feather angle, and into a
turn control mode, wherein said
global control system directs said
streamer positioning devices to
generate a force in the opposite
direction of a turmm  at  the
heginning of the turn.

SUrVey

The Workman 472 patent discloses a control system and a mode of streamer
operation.

See, ez, Workman 472 at Cob 3, 1l 38-67 ("In the present embodiment of
the invention, the marine seismic data acquisition systern 03 also includes a
streamner control processor 40 for deciding when the stremmer cables 13 should
b repositioned and for ealeulating a position correction to reposition the
streamer cables 130 Also in the present embodiment of the invention, threshold
parameters are established for derermiming when the streamer cables should be
repositioned, Threshold parameters may include a pluraliey of values for:
minimun altowable separations between streamer cables 137}

See, genevally, e.g.. Workman 472
streamer control processory.

at Coll 4, B 8-35 {generally discloses

See, ez, Workman 472 at Cob 4, [ ("The streamer control processor 40 i
connecied (o the streamer device controller 16, When the streamer cables 13
need to be repositioned. the positton correction is used by the sireamer device
controler 16 1o adjust the streamer positioning devices™)

At the time of the invention, it was obvious to a Person Having Ordinary Skill
In The Art to describe various modes of operation for multiple streamers
having lateral control. Various modes of operation of seismic streamers had
been publicly recognized within the seismic industry since the [970°s and
1980°s, and became widely recognized in commercial practice by the early
1990%s. The limitation of “a feather angle mode wherein ... maintain each of
said streamers in a straight line offset from the towing direction of said marine
seismic vessel by a certain feather angle™ was recognized from the time of the
first commercial use of multiple streamers. This concept of desiring to tow
streammers straight and parallel with constant feather angle was widely
recognized and employed as commercial practice by the early 1990°s. At the
time of the invention, the limitation of “a feather angle mode wherein ...
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maintain each of said streamers in a straight line offset from the towing
direction of said marine scismic vessel by a certain feather angle”™ was
obvious. At the time of the invention, it was also obvious to operate streamers
in circles (so-called circle-shoots).

8. A method as claimed in
claim 7, in which said global
confrol  system  is  further
configured  into a  streamer
separation mode, wherein  said
global control system attempts to
direct said streamer positioning
device to mabmtain a minimum
separation  distance  between
adjacent streamers.

The Workman 472 patent discloses the streamer separation mode.

See, e g, Workman 472, Col. 1, 1L 33-35 (“The ability to control the position
and shape of the streamer cables is desirable for preventing the entanglement
of the streamer cables ... 7).

See, e.g.. Workman 472, Col. 3, lL. 65-67 {(Threshold parameters may include
a plurality of values for: minimum allowable separations between streamer
cables ...7).

At the time of the invention it was obvious to a Person Having Ordinary Skill
In The Art that “strcamer scparation mode” exemplified commonsense
commercial practice. [t was cbvious that avoiding entanglement of muitiple
streamers was the primary goal and mode of operation since the earliest multi-
streamer 3D seismic surveys in the late 1980°s and early 19907s.

9. A method as claimed in
claim 8, further including the
step of displaying the position of
said streamer positioning devices
on said seismic survey vessel.

At the time of the invention, it was obvious to a Person Having Ordinary Skill
In The Art that displaying the positions of the streamer positioning devices
{and of the entire streamer) was necessarily common commercial practice.
Such displays utilized many different forms of computer graphics devices and
display algorithms.

IS, An  array  of  seismic
streamers towed by oa towing
vessel comprising:

The Bittleston 636 application and the Workman ‘472 patent disclose this
Hmitation.

See, e.g.. Bittleston *636 at p. 1, Il 5-7 (“In order to perform a 3D seismic
survey, a plurality of such streamers are towed at about 5 knots behind a
seismic survey vessel™)

See, e.g., Workman 472 at Col, 1, I 17-19 (“Due to the ncreasing use of
marine 3-1D seismic data, multi-cable marine surveys are now commonplace”)
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See, e.g, Workman 472 FIG. 1 which discloses a towing vessel.

{a) a plurality of steamer
positioning devices on or inhine

with each streamer:

The Bittleston *636 application and the Workman ‘472 patent disclose this
Hmitation,

See, e.g., ‘636 Bittleston at p, 1, 1L 14-15 (“contro] devices known as birds,
attached to each streamer at intervals of 200 to 300 meters, are used.”™)

See, e.g., Workman ‘472 at Col. 2, 11 32-33 (... the prior art discloses a series
of discrete devices for locating and controlling the positions of sireamer
cables™) and Col. 2, . 453-47 {*“The present invention is an improved system
for controlling the position and shape of marine seismic streamer cables™).

See, e.g, Workman 472 at Col. 1. L 45 (“Streamer positioning devices are
well known in the art™)

See, e.g., Workman 472 at Col. 3, 1L 14-20 (*As known to those skilled in the
art, streamer positioning devices 14, for example birds and tail buoys, may be
attached to the exterior of the streamer cables 13 for adjusting the vertical and
lateral positions of the streamer cables 13, The streamer cables 13 include
electrical or optical cables for connecting the streamer positioning devices 14
to individual control and logging systems™).

(b} a prediction unit adapted to
predict positions of at least some
of the streamer positioning
devices; and

The Bittleston 636 application and the Workman “472 patent disclose this
Himitation.

See, e.g., 636 Bittleston, at p. 5, . 11-14 (*The control system 26 is
schematically Hlustrated in Figure 2, and comprises a microprocessor-based
control circuit 34 having respective inputs 35 to 39 to receive control signals
representative of ... actual ateral position™).

See also, ez, FIG. 2 of Bittleston ‘636.

&5

See, e.g., Workman 472 at Col. 2, 11 15-18 (*These devices and methods may
then be used to determine the real time position of the seismic sources and
seismic streamer cables by computing a network solution to a Kalman filter, as
disclosed by U.S. Pat. No. 5,353,223™)
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Prediction is a fundamental aspect of Kalman filtering technology. A Person
Having Ordinary Skill In The Art will understand that the disclosed Kalman
filter is a well-known prior art technology that is obvious 1o use to obtain a
predicted position.

{c) a control unit adapted o use

the  predicted  positions o
caleulate  desired  changes  in

positions of one or more of the
sireamer positioning devices.

The Bittleston 636 application and the Workman 472 patent disclose this
Hmitation.

See, eg., Bittleston 636 at p. 5, 1L 11-14 (“The control system 26 is
schematically illustrated in Figure 2, and comprises a microprocessor-based
control circuit 34 having respective inputs 35 to 39 to receive control signals
representative of ... actual lateral position™).  Further at p. 6, 1. 1-8 (“In
operation, the control circuit 34 receives ... between its inputs 37 and 38 a
signal indicative of the difference between the actual and desired lateral
positions of the bird 10 ... difference signals are used by the control cireuit 34
to calculate the respective angular positions of the wings 24 which together
wilt produce the ... lateral force (left or right) required to move the bird 10 to
the desired ... lateral position.”). See uiso, e.g.. FIGS. 2, and 3-5 of Bittleston
‘636,

See, e.g., Workman ‘472 at Col. 3, 11 42-43 (*and a streamer cable controller
16 for controlling the streamer positioning devices 147). See also, e.g., FIG. 2

See, e, Workman 472 at Col. 3, H. 3962 (“includes a streamer control
processor 40 for ... calculating a position correction to reposition the streamer
cables [37)

See, e.g., Workman 472 at Col. 4, 1. 17-21 (“The streamer control processor
40 is connected to the streamer device controller 16. When the streamer
cables 13 need to be repositioned, the position correction is used by the
streamer device controller 16 to adiust the streamer positioning devices 14 and
reposition the streamer cables 13.7)

It is obvious to a Person Having Ordinary Skill In The Art that, given
“predicted positions,” it is necessary that “desired changes in position™ for the
streamer positioning devices must be calculated to be able to implement any
change in streamer position or motion whatsoever.

2664306v]
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EXHIBITF 15

L.S. Patent No. 7,162,967 (the “967 patent”) Is Obvious in View of
International Pateat Application WO 97/11395 (Olivier *395) and
U.S. Patent 4,404,664 (Zachariadis ‘664)

U.S. Patent No. 7,162,967
Asserted Claims

Citations from prior-art

I A method comprising:
{a) towing an array of streamers
ecach having a
streamer  positioning
there along, at least one of the
streamer  positioning  devices
having a wing;

devices

pturality of

LS. Patent 4,404,664 (System for Laterally Positioning a Towed
Marine Cable and Method of Using Same; Zachariadis; assigned to
Mohit Oil; 1983) in combination with PCT Patent Application WO
97/11395 ¢(Coil Support Device for an Underwater Cable; Olivier;
assigned to Laitram Co.; published 1997) discloses this limitation,

See, e.g., Zachariadis *664, Claim 1, {Col. 13, 1. 6} to (Col, 14,1 2)
(“A system for controlling the lateral position of a marine cable
being towed by a vessel and having adjustable control surfaces
affixed to said marine cable at a plurality of spaced-apart positions
along said cable for varyving lateral thrust to said cable in response
to controf signals from the vessel™)

See, e.g., Zachariadis ‘664, Col. 3, il 16-18 (*a plurality of
remotely controlled, lateral positioning devices are mounted at
selected points along the length of the cable™).

See, e.g., Zachariadis ‘664, claim |, Col. 13, 1. 13-14 {"a motor
associated with each control surface for rotating said control
surface™).

See, e.g., Zachariadis’664, Col. 1, . 41-43 (“Lateral positioning of
a towed cable comprises two basic aspects: determining the
existing position of the cable and moving it to a desired position™).

See. generally. Zachariadis *664, Col. I, 1. 41 tocol. 2, 1. 63,

Olivier *393 discloses the Hmitation of “an array of streamers being
towed by a seismic survey vessel”,

See, e.g., Olivier 395 at p.1, 1. 24; to p. 2, L. 2 (“In marine seismic
exploration, an underwater cable, commonly referred to as a
streamer cable, is towed through the water by a vessel such as a
surface ship.”)
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See, e.p., Olivier *395 at p, 7, 1L 13-15 (*... there is no restriction
on the number or type of devices which are attached to the cable
11, In addition, although only a single cable 11 is shown, the
towing vessel 10 may tow a plurality of cables simultaneously.™)

See, e.g., Olivier FIG. 1 which discloses a plurality of streamer
positioning devices.

See, e.g., Olivier, FIGS. 7-8 which disclose wings.

{b} transmitting trom a global
control system location
information to at least one local
control system on the at least
one streamer positioning
devices having a wing: and

The Zachariadis ‘664 patent and Olivier *395 application disclose
this limitation.

See, generally, Zachariadis ‘664, Col. 3, 1. 43 to Col. 4, 1. 4.

See, e.g., Zachariadis ‘664, Col. 3, L. 43-44 (“It is a further object to
control the lateral positioning devices of such as system through
the use of a computer.”)

See, e.g., Zachariadis *664 Col. 3, 1. 55 ("Transmissions means are
provided™); and see. eg. ‘664 Zachariadis, Col. 3, H. 38-60
(“Suitable circuitry in cach lateral positioning device senses and
examines the coded conirol signal ... In the selected lateral
positioning device, circuitry further decodes the coded control
signal. Motor actuation means are controlled by the decoder means
and operate motor means for the adjustment of the lateral
positioning control surfaces {wings{™).
At the time of invention, given the state of the art of control
systems, it would have been obvious to a Person Having Ordinary
Skill In The Art o provide “a global control system located on or
near said seismic vessel”™ to control/regulate multiple streamer
positioning devices, each with their own local controller,

The Olivier *395 application discloses a local control system and
communication, such as from a global control system. See Figures
33-35 and generally pp. 44-48.
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(¢) adjusting the wing using the
tocal control system.

This limitation is disclosed in the Zachariadis ‘664 patent and
Olivier *395 application.

See, e.g., Zachartadis 664, claim 1y coll 13, L 13 twcol. 14, 1.2 ("a
motor associated with each control surface for rotating said control
surface ... to a second position at which a desired lateral thrust is
imparted to said cable, receiving means ... to cause said motor 1o
rotate said control surface of said second position™)

At the time of the invention it was obvious to a Person Having
Ordinary Skill In The Art that wing motors were commercially
available prior-art, as found, for example, in depth birds from
multiple commercial suppliers.

The Olivier ‘3935 reference discloses this limitation.

See e.g., Olivier *395 at p. 19 . 5-6 (“The actuators for operating
the wing unit 110 include one which will be referred to as a roll
actuator 130 and another which will be referred to as a pitch
actuator 1357

Sec e.g., Olivier *395 at p. 47, 1. 5-10 ("*In a depth-keeping mode
of operation, the microprocessor 304 executes a PID (proportional-
integral-differential} or other control algorithm and determines
whether the wing positions need to be changed. If so, the
microprocessor 304 sends appropriate signals to the motors 4140,
411 of the roll and/or pitch actuator through buffers 412, 413
(possibly including D/A converters) which convert the low-ievel
logic signals from the microprocessor into higher level motor
signals sufficient to drive the motors.”)

4. The method as claimed
in claim 1, whercin the global
control  system  transmits @
desired vertical depth for the at
least one streamer positioning

device and the local control
system  calculates  magnitede

and direction of the deviation
between the desired vertical

The Zachariadis ‘664 patent discloses this limitation.
See generally, e.g., Col. 3, 1. 43 to Col. 4, 1.4

See, e.g., Zachariadis, “664 at Col. 4, 1. 51-37 (“The aforesaid
control signal is generated ... in direct response to the aforesaid
vessel and lateral peositioning  device coordinate  signals.
Transmission means are provided for converting the coded control
signals into a form suitable for transmitting through conductors in
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depth and actual depth.

the seismic cable.”)

See, e.g., Zacharadis, ‘664 at Col. 1, 1L 47-50 (“U.S. Pat. Nos.
3,605,674 1o Weese ... discloses several variations of a remotely
controlled device for laterally or laterally and vertically positioning
a streamer”).

5. The method as claimed
in claim 1, wherein the global
control  system  transmifs  a
desired horizontal displacement
for the at least one streamer
positiening device and the local
control system calculates
magnitude and direction of the
deviation between the desired
horizontal  displacement  and
actual horizontal displacement.

The Zachariadis *664 patent discloses this limitation.
See generallv. e, Col. 3,143 ta ColL 4, 1. 4

See, e.g., Lachartadis, "664 at Col. 4, 1. 51-37 (“The aforesaid
control signal is generated ... in direct response to the aforesaid
vessel  and  lateral  positioning  device  coordinate  signals.
Transmission means are provided for converting the coded control
signals into a form suitable for transmitting through conductors in
the seismic cable.”)

See, e.g., Zachariadis, ‘664 at Col. I, 1. 47-50 (“1].5. Pat. Nos.
3605674 o Weese .. discloses several varations of a remotely
coatroled device For laterally or laterally and vertically positioning
a streamer LLh

6. The method as claimed
in claim 1, comprising
calculating velocity of at least

one of the streamer positioning
devices, wherein the calculating
velocity comprises at least one

of a) uwsing a vessel speed
received  from  a  navigation

system  on o a  seismic survey
vessel; b) compensating for the
speed and heading of marine
currents acting on the at least
one streamer positioning
device; and ¢} compensating for
refative movement between the
seismic survey vessel and the at
feast one streamer positioning

At the time of the invention, it was obvious t0 a Person Having
Ordinary Skill In The Art that velocities of the streamer positioning
devices are readily calculated from the successive positions of said
streamier positioning devices at a series of time.

{a.} At the time of the nvention, it was obvious to a Person
Having Ordinary Skill In The Art that “caleulating velocity of at
least one of the streamer positioning devices™ muss include the
“vessel speed” as the major component because the vessel is
towing the streamers and the streamer positioning devices, It is
also obvious to a Person Having Ordinary Skill In The Art that the
“calculating velocity” invelves a vector which by delinition must
include direction as well as speed. Thus in addition to the “vessel
speed” it is required to also have information regarding vessel
heading, course, and track-made-good.)

At the time of the mnvention, it was also obvicus to a Person
Having Ordinary Skill In The Art that it was routine navigational
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device.

practice to obtain vessel speed in any of several ways within the
priov-art, For example, satellite nevigation or radio-navigation
systems can routinely provide vessel position and speed.
Additionally, Doppler sonar speed logs or electromagnetic speed
logs are well-known commercially available prior-art devices
which can provide vessel speed through the water.

(b} At the time of the invention, it was obvious to a Person
Having Ordinary Skill In The Art to utilize long-standing prior-art
navigational technigues to “compensate for the speed and heading
of marine currents”.

{c.} At the time of the invention, it was obvious to a Person
Having Ordinary Skill In The Art that the vector combination of
the relative velocity vector (“relative movement between the
seismic survey vessel and the at least one streamer positioning
device.”y and vessel velocity (referenced to the water as in claim
3.) to obtain a velocity “compensated for relative movement”™ is
obvious application of well-known prior-art in the vector analysis
of velocities.

7. The method as claimed

in claim 6, in which said step of

adjusting the wing using the
local control system is regulated

At the time of the invention, it was obvious to a Person Having
Ordinary Skill In The Art to regulate wing angles to prevent
stalling, given complete information about the relative geometry of
the wings and water flow over the wings, including the geometric

to  prevent the positioning | or effective angle-of-atiack.
device from stalling.
8. The method as claimed | These limitations are disclosed in the Zachariadis *664 patent and

in claim 7, in which said step of

using the location information
to calculate desired forces on
the at least one streamer
positioning device is regulated
by the global control system
located on or near a seismic
survey vessel that s configured
into a feather angle mode,
wherein  the global  control
system attempts to direct the

Olivier 395 application.
See, generally, Lachariadis *664, Col. 3, L 43 to Col. 4, 1. 4.

See, e.g.. Zachariadis ‘664, Col. 3, L. 43-44 ("It is a further object to
control the lateral positioning devices of such as system through
the use of a compuier.”)

See, e.g., Zachariadis ‘664 Col. 3, 1. 55 (*Transmissions means are
provided™); and see, eg. 664 Zachariadis, Col. 3, H. 58-66
{("“Suitable circuitry in each lateral positioning device senses and

[
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streamer positioning devices to
maintain each of the streamers
i 2 straight line offsetl from the
towing direction of the marine

seismic vessel by a  certain
feather angte, and into a turn
contrel mode,  wherein  the

global control system directs the
streamer positioning devices to
generate a force in the opposite
direction of a turn at the
beginning of the turn.

examines the coded control signal In the selected lateral
positioning device, circuitry further decodes the coded control
signak. Motor actuation means are controlled by the decoder means
and operate motor means for the adjustment of the lateral
positioning control surfaces™).
At the time of invention, given the state of the art of control
systems, it would have been obvious to a Person Having Ordinary
Skill In The Art to provide “a global control system located on or
near said secismic vessel” to control/regulate multiple streamer
positioning devices, each with their own local controller.

The Olivier ‘395 application discloses a focal control system and
communication, such as from a global control sysiem. See Figures
33-35 and generally pp. 44-48.

At the time of the invention, it was obvious to a Person Having
Ordinary Skill In The Art to deseribe various equivalent modes of
operation for multiple streamers having lateral control. Various
modes of operation of seismmic streamers had been publicly
recognized within the seismic industry since the 1970°s and
1980°s, and became widely recognized in commercial practice by
the early 1990°s. The fimitation of “a feather angle mode wherein

. maintain each of said streamers in a straight line offset from the
towing direction of said marine seismic vessel by a certain feather
angle” was recognized as obvious from the time of the first
commercial use of multiple streamers. This concept of desiring to
tow streamers straight and parallel with constant feather angle was
widely recognized and employved as commercial practice by the
early 1990°s. At the time of the invention, the limitation of "a
feather angle mode wherein ... maintain each of said streamers in a
straight line offset from the towing direction of said marine seismic
vessel by a certain feather angle” was obvious. At the time of the
invention, # was also obvious to operate streamers in circles (so-
catled circle-shoots),

The Zachariadis 664 patent discloses the Hmitation of a “feather
angle mode™.

See, e.g., Zachariadis *664 at Col. 12, L. 53-57 (It should also be
realized that the adjustments of said lateral positioning devices to
position the cable in a straight Line along a heading from the towing
vessel can be accomplished automatically by a suitably sized and
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programined computer.”).

9, The method as claimed
in claim 8, which said global
control  system  is  further
configured mto  a  streamer
separation mode, wherein said
global control system attempts
to direct  said streamet
positioning device to mainiain a
minimum  separation  distance
between adjacent streamers.

This limitation is disclosed in Zachariadis 664,

See, e.g.. Claim 7 Analysis, and see, generally, Zachariadis ‘664,
Col. 3, 1.431wCol. 4, 1.4

At the time of the invention it was obvious to a Person Having
Ordinary Skill In The Art that “streamer separation mode”
exemplified commonsense commercial practice. It was obvious
that avoiding entanglement of multiple streamers was the primary
goal and mode of operation since the earliest multi-streamer 3D
seismic surveys in the late 1980°s and early 1990°s.

16G. The method as claimed
in claim 9, further including the
step of displaying the position
of said streamer posiioning
devices on said seismic survey
vessel.

This limitation s disclosed in the Zachariadis ‘664 patent.

See, e.g., Zachariadis *664, Abstract, I 11-13 (... visual display
of the relative position of each lateral positioning device with
respect to the vessel L..7).

See, e.g.. Zachariadis “664, Col. 3, . 29-33 (“The coordinate
signals are provided to a display matrix of a suitable device ... for
display of the relative positions of the vessel and lateral positioning
devices ...”")

See, e.p.. Zachariadis 664, Col. 5, 1L 38-61 (“A simple plot of the
X and Y coordinates of the ship and the lateral positioning devices
is provided on a suitable visual display device™).

See, e.g.. Zachariadis ‘664, Col. 4, 11, 28-30 (“FIG. 5 iliustrates a
visual display of the coordinates of the vessel and selected points
along the towed cable as determined by the equipment of FIG. 27);
and said equipment is disclosed at, e.g., Col. 4, 1L 20-21 (“FiG. 2
itlustrates in block diagram form the cable positioning
equipment of the invention™).

See, e, Lachariadis ‘664, Col. 8, 1. 60-64 (“In addition to the
location of the marine vessel and the lateral positioning devices,
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the locations of various ... may also be displaved™).

See, ez, Zachariadis 664, Col. 3, I 31-33 (“display of the
refative positions of the vessel and the lateral positioning devices
with respect to the selected heading.™)

At the time of the invention, it was obvious to a Person Having
Ordinary Skill In The Art that displaying the positions of the
streamer positioning devices (and of the entire streamer) was
gecessarily common commercial practice.  Such displays utilized
many different forms of computer graphics devices and display
algorithms,

15. An array o seismic
streamers towed by & towing
vessel comprising:

The Olivier ‘395 application discloses this limitation.

See, ez, Olivier *395 at p.1, 1. 24; to p. 2, I. 2 (*In marine seismic
exploration, an underwater cable, commonly referred to as a
streamer cable, is towed through the water by a vessel such as a
surface ship.”)

See, ez, Olivier ‘395 at p. 7, HL 14-15 ("In addition, although only
a single cable 11 is shown, the towing vessel 10 may tow a
plurality of cables simultancousty.”)

(a} a plurality of  streamer
positioning devices on or inline
with each streamer, at least one
of the streamer positioning
devices having a wing;

This limitation is disclosed in the Zachariadis ‘664 patent and
Olivier 395 application.

See, eg., Zachariadis ‘664, Col. 3, 1L 16-18 ("a phurality of
remotely controlled, lateral positioning devices are mounted at
selected points along the length of the cable™).

See, e.g., Olivier “395 at p. 7, 1L 13-15 (“there is no restriction on
the number or type of devices which are attached to the cable 11,
In addition, although only a single cable 11 is shown, the towing
vessel 10 may tow a plurality of cables simultaneously.”™)

See, e.g., Olivier FIG. I which discloses a plurality of streamer
positioning devices.
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See, e.g., Olivier, FIGS. 7-8 which disclose wings.

(by a global control svstem
transmitting location
information to at least one {ocal
control system on the at feast
one streamer positioning device
having a wing, the local control
system adjusting the wing,

This limitation of is disclosed in the Zachariadis *664 patent and
Olivier 395 application.

See, generally, Zachariadis ‘664, Col. 3, 1. 43 to Col. 4, L 4.

See, e.g., Zachariadis “664, Col. 3, 1. 43-44 (It is a further object to
control the lateral positioning devices of such as system through
the use of a computer.™)

See, e g.. Zachariadis 664 Col, 3, L 55 (“Transmissions means are
provided”); and see. e.g. ‘664 Zachariadis, Col. 3, il. 38-66
(“Suitable circuitry in each lateral positioning device senses and
examines the coded control signal In the selected lateral
positioning device, circuitry further decodes the coded control
stgnal. Motor actuation means are controlled by the decoder means

and operate motor means for the adjustment of the lateral
positioning contred surfaces™).

See, e.g., Zachariadis ‘664, claim 1, coll 13, 1. 13 tocol 14,1 2 (Ma
motor associated with each control surface for rotating said control
surface ... to a second position at which a desired lateral thrust is
imparted to said cable, receiving means ... to cause said motor to
rotate said control surface of said second position™)

At the time of invention, given the state of the art of control
systems, it would have been obvious to a Person Having Ordinary
Skilt In The Art to provide “a global control system located on or
near said seismic vessel” to control/regulate multiple streamer
positioning devices, each with their own local controller.

The Olivier *395 application discloses a local control system and
communication, such as from a global control system. See Figures
33-35 and generally pp. 44-48,

The Olivier ‘395 reference discloses the limitation of the “local
control system adjusting the wing".

See e.g., Olivier “395 at p. 19 1. 5-6 (“The actuators for operating
the wing unit 110 include one which will be referred to as a roll
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actuator 130 and another which will be referred to as a pitch
actuator 1335.77)

See c.g., Olivier “395 at p. 47, 1. 5-10 (“In 2 depth-keeping mode
of operation, the microprocessor 304 executes a P1D (proportional-
integral-differential) or other control algorithim and determines
whether the wing positions need to be changed. If so, the
microprocessor 304 sends appropriate signals to the motors 410,
411 of the roll and/or pitch actuator through buffers 412, 413
{possibly including I¥A converters) which convert the low-level
logic signals from the microprocessor into higher level motor
signals sufficient to drive the motors.™)

At the time of the invention it was obvious o a Person Having
Ordinary Skill In The Art that wing motors were commerciably
available prior-art, as found, for example, in depth birds from
multiple commercial suppliers.

2667493vE
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U.S. Patent No. 7,080,667 (the “‘687 patent”™) Is Obvious In View of

U.S. Patent 5,790,472 (Waorkman ‘472)

U.S. Patent No. 7,080,607
Asserted Claims

Citations from prior-art

£, A method comprising: (a)
towing an a |[sicl
streamers cach having a plurality
of streamer positioning devices
there along:

array  of

U.S. Patent 5,790,472 (Adaptive Control of Marine Seismic Streamers;
Workman & Chambers; assigned to Western Atlag; 1998) discloses this
Hmitation

See, e.g., Workman 472 at Col. 2, 11 32-33 (“the prior art discloses a series of
discrete devices for locating and controlling the positions of streamer cables™)
and Col. 2, 11 45-47 (*The present invention is an improved syvsiem for
controlling the position and shape of marine seismic streamer cables™).

See, e.g, Workman ‘472 at Col. 1, 1. 17-19 {*Due to the increasing use of
marine 3-D seismic data, multi-cable marine surveys are now commonplace™)

See, e.g., Workman 472 at Col. 1, L 45 (“Streamer positioning devices are
well known in the art™)

See, e.g., Workman 472 at Col. 3, I 14-20 (“"As kaown to those skilled in the
art, streamer positioning devices 14, for example birds and tail buoys, may be
attached to the exterior of the streamer cables 13 for adjusting the vertical and
lateral positions of the streamer cables 13, The streamer cables 13 include
electrical or optical cables for connecting the streamer positioning devices 14
to individual controt and logging systems™).

(b} predicting positions of at
least the sireamer
positioning devices;

some  of

The Workman 472 patent discloses this hmitation.

See, e.g., Workman 472 at Col. 2, . 15-18 (*These devices and methods may
then be used to determine the real time position of the seismic sources and
seismic streamer cables by computing a network solution to a Kalman filter, as
disclosed by 118, Pal. No, 5,353,223

Prediction is a fundamental aspect of Kalman filtering technology. A Person
Having Ordinary Skill In The Art will understand that the disclosed Kalman
filter is a weli-known prior art technology that is obvious to use to obtain a
predicted position. At the time of the invention, Kaiman filtering, including a
prediction step, was common commercial practice.
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{c) using the predicted positions
to calculate desired changes in
position of one or more of the
streamer positioning devices; and

The Workman "472 patent discloses this Hmitation.

See, e, Workman ‘472 at Col, 3, 1. 42-43 {*and a streamer cable controller
16 for controlling the streamer positioning devices 147). See also, e.g., I'IG. 2

See, c.g., Workman 472 at Col. 3, Il 39-62 (“includes a streamer control
processor 440 for ... calculating a position correction to reposition the streamer
cables 137}

See, e.g, Workman 472 at Col. 4, L. 17-21 (*The streamer control processor
44 is comnected to the streamer device controlier 16. When the streamer
cables 13 need to be repositioned, the position correction is used by the
streamer device controller 16 to adjust the sireamer positioning devices 14 and
reposition the streamer cables 13.7)

This claim limitation “calculate desired changes in position of one or more of
the streamer positioning devices” is also an inherent aspect of the invention.
Given “predicted positions”, it is inherently necessary that “desired changes in
position” for the streamer positioning devices must be calculated to be able 1o
implement any change in streamer position or motion whatsoever.

{dy implementing at least some
af the desired changes.

The Workman 472 patent discloses this limitation,

See, e.p., Workman 472 at Col. {1, 11 35-57 (“For example, devices to contral
the lateral positioning of streamer cables by using camber-adjustable
hyvdrotoils or angled wings are disclosed™)

This clabm [mitation “actuating the wing motors to produce said desired
changes in wing orientation” is also an inherent aspect of the invention. Given
a desire to reposition the streamers, it is inherently necessary that the “wing
orientation” for the streamer positioning devices will need to be altered, which
inherently requires the action of a motor, or equivalent.

o]
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8. A method as claimed in
ciaim 7, in which said global
control  system s further
configured into  a  streamer
separation mode, wherein  said
global control system attemipts to
direct said streamer positioning
device to maintain a minimum

The Workman “472 patent discloses the streamer separation mode.

See, e.g., Workman ‘472, Col. 1, H. 33-35 (*The ability to controi the position
and shape of the streamer cables is desirable for preventing the entanglement
of the streamer cables™).

See, e.g., Workman ‘472, Col. 3, I 65-67 (Threshold parameters may include
a pluratity of values for: minimum allowable separations between streamer

separation  distance  between | cablesT).
adjacent streamers,
H An array  of  seismic | The Weorkman 472 patent discloses this limitation.

streamers towed by a towing
vessel comprising:

See, e.g, Workman ‘472 at Col. 1, 1. 17-19 (*Due 10 the increasing use of
marine 3-1) seismic data, multi-cable marine surveys are now commonplace™)

See, e.g., FIG. | which discloses a towing vessel.

(a} a plurality of sueamer
positioning devices on or inline
with cach streamer;

The Waorkman 472 patent discloses this limitation.

See, e.g., Workman 472 at Col. 2, 1L 32-33 (“the prior art discloses a series of
discrete devices for locating and controlling the positions of streamer cables™)
and Col. 2, 1l 45-47 (“The present invention is an improved system for
controlling the position and shape of marine seismic streamer cables”™).

See. e.g., Workman 472 at Col. 1, 1. 45 (“Streamer positioning devices are
well known in the art™)

See, e.g., Workman ‘472 at Col. 3, {1 14-20 ("As known to those skilled in the
art, streamer positioning devices 14, for example birds and tail buoys, may be
attached to the exterior of the streamer cables 13 for adjusting the vertical and
fateral positions of the streamer cables 13, The streamer cables 13 include
efectrical or optical cables for connecting the streamer positioning devices 14
to individual control and logging systems”).

tad
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(b)Y a prediction unit adapted 1o
predict positions of at least some
of  the  streamer  positioning
devices; and

The Workman *472 patent discloses this limitation.

See, e.g., Workman “472 at Col, 2, 11, 15-18 (" These devices and methods may
then be used to determine the real time position of the seismic sources and
seismic streamer cables by computing a network solution to a Kalman filter, as
disclosed by 1.8, Pat. No. 5.353,223™)

Prediction is a fundamental aspect of Kalman filiering technology., A Person
Having Ordinary Skill In The Art will understand that the disclosed Kalman
filter is a well-known prior art technology that is obvious to use to oblain a
predicied position. At the time of the invention, Kalman filtering, including a
prediction step, was common commercial practice,

{cy a control unit adapted to use
the  predicted  positions  to
calcutate  desired  changes  in
nositions of one or more of the
streamer positioning devices.

The Workman *472 patent discloses this timitation,

See, e.g., Workman 472 at Col. 3, 1L 42-43 ("and a streamer cable controlier
16 for controlling the streamer positioning devices 147).

See also, e.g., FIG. 2

See, e.g., Workman 472 at Col. 3, 1L 39-62 (“includes a streamer control
processor 40 for ... calculating a position correction to reposition the streamer
cables 137)

See, eg. Workman ‘472 at Col. 4, I1. 17-21 {“The streamer control processor
40 is connected fo the streamer device controller 16, When the streamer
cables 13 need to be repositioned, the position correction is used by the
streamer device controller 16 to adjust the streamer positioning devices 14 and
reposition the streamer cables 13.7)

This claim limitation “caleulate desired changes in position of one or more of
the streamer positioning devices” is also an inherent aspect of the invention.
Given “predicted positions”, it is inherently necessary that “desired changes in
position” for the streamer positioning devices must be calculated to be able to
implement any change in streamer position or motion whatsoever,

266ITYIvE
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EXHIBIT O-6xxxx

U.S. Patent No. 6,932,017 (the “Hillesund ‘017 patent™) Is Obvious In View of U.S. Patent
5,790,472 (Workman ‘472), U.S. Patent 4,404,664 (Zachariadis *664), and Kalman Ref

U.S. Patent No. 6,932,017
Asserted Claims

Citations from prior-art

1. A method of controlling the
positions  of  marine  seismic
streamers in an  array  of such

streamers being towed by a seismic
survey vessel, the streamers having
respective  streamer  positioning
devices disposed thercalong and
each streamer positioning device
having a wing and a wing motor
for changing the orientation of the
wing S0 as to steer the streamer
positioning device laterally, said
method comprising the steps of:

U.S. Patent 5,790,472 (Adaptive Control of Marine
Seismic Streamers; Workman & Chambers; assigned to
Western Atlas; 1998) discloses this claim preamble.

The limitation of "marine seismic streamers in an array of
such streamers being towed by a seismic survey vessel” is
disclosed in the Workman *472 patent.

The limitation of “streamer positioning devices disposed
thercalong and each streamer positioning device having a
wing and a wing motor for changing the orientation of the
wing” is disclosed in the Workman ‘472 patent.

The limitation “to steer the streamer positioning device
laterally” is disclosed in the Workman *472 patent.

See, e, Workman 472 at Col. 2, 1. 32-33 (“the prior art
discloses a series of discrete devices for locating and
controlling the positions of streamer cables™ and Col. 2, 1L
45-47 (*The present invention is an improved system for
controlling the position and shape of marine seismic
streamer cables™).

See, e.g., Workman 472 at Col. 3, 1L 33-43 {“As known to
those skilled in the art, components of the marine seismic
data acquisition system 05, on the vessel 11, may include

a network solution system 10 for determining the
position of the streamer cables 13 and seismic sources 12,
and a streamer cable controller 16 for controlling the
streamer positioning devices™).

See, e.g., Workman 472 at Col. I, H. 17-19 “Due o the
increasing use of marine 3-D seismic data, multi-cable
marine surveys are now commonplace™).

See, eg. Workman ‘472 at Col, I, |. 45 (“Streamer

WesternGeco Ex. 2033, pg. 330
IPR2015-00567
ION v WesternGeco




.S, Patent No. 6,932,017
Asserted Claims

Citations from prior-art

positioning devices are well known in the art™).

See, ez, Workman “472 at.Col. 3, 1L 14-20 (*As known to
those skitled in the art, streamer positioning devices 14, for
example birds and tail buoys, may be attached to the
exterior of the streamer cables 13 for adjusting the vertical
and lateral positions of the sireamer cables 13, The
streamer cables 13 include electrical or optical cables for
connecting  the streamer  positioning  devices 14 o
individual control and logging svstems™).

See, e.g., Workman ‘472 at Col. |, Il 35-61 (describes
lateral positioning with wings}). A Person Having Ordinary
Skill In The Art will readily understand that a wing motor
to move a wing is obvious.

U.S. Patent 4,404,664 (System for Laterally Positioning a
Towed Marine Cable and Method of Using Same;
Zachariadis: assigned to Mobil Oil; 1983) discloses this
claim.

See, e.g., Lachariadis *664, Claim |, (Col. 13, 1. 6) to (Col.
1, 102) (“A system for controlling the fateral position of a
marine cable being towed by a vessel and having
adjustable control surfaces affixed to said marine cable at a
plurality of spaced-apart positions along said cable for
varying lateral thrust to said cable in response to control
signals from the vessel, the improvement comprising: (a) a
motor associated with each control surface for rotating said
control surface from a neutral position at which no lateral
thrust is imparted to said cable to a second position at
which a desired lateral thrust is imparted to said cable, (b)
receiving means associated with each control surface for
decoding the control signals from said vessel and
producing a first electric current of magnitude and
direction necessary to cause said motor to rotate said
coatrol surface of said second position™)

See, eg, Zachariadis’664, Col. 1, 1. 41-43 (“Lateral
positioning of a towed cable comprises two basic aspects:
determining the existing position of the cable and moving
it to a desired position”).

[
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See, generally, Zachariadis ‘664, Col. I, L 41 to col. 2, 1,
68.

The limitation of “streamer positioning devices disposed
therealong and each streamer positioning device having a
wing and a wing motor for changing the orientation of the
wing” is disclosed in the Zachariadis ‘664 patent,

See, e.g., Zachariadis "064, Col. 3, 1L 16-18 (“a plurality of
remotely  controlled, lateral positioning  devices are
mounted at selected points along the length of the cable™.

See, e.g., Zachariadis “664, claim 1, Col. 13, . 13-14 (*a
motor associated with each control surface [wing] for
rotating said control surface™).

The limitation “to steer the streamer positioning device
laterally” is disclosed in the Zachariadis ‘664 patent.

See. eg., Zachariadis ‘664, Abstract {“Coded digital
commands are gencrated and transmitted o cach lateral
positioning device for adjustment of its control surfaces
whereby the lateral thrust produced the device as it is
towed through the water is varied and the horizontal
position of the portion of the cable to either side of the
device controlled™)

See, e.g., Zachariadis ‘664, Col. 3, 1L 3-5 (*It is an object
of thie] invention to provide a system for controlling the
fateral position of a cable being towed through the
water.”}.

See, e.g, Zachariadis ‘664, Col. 1, H. 41-43 (“Lateral
positioning of a towed cable comprises two basic aspects:
determining the existing position of the cable and moving
it to a desired position”),
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obtaining a predicted position of | The Worlkman 472 patent discloses this limitation.
the streamer positioning devices;
See, eg.. Workman ‘472 at Col, 2, . 15-18 (*These
devices and methods may then be used o determine the
real time position of the seismic sources and seismic
streamer cables by computing a network solution to a
Kalman filter, as disclosed by U.S. Pat. No. 5,353,223,

Kalman, R.E., 1960, “A New approach to Linear Filtering
and Prediction Problems,” Trans of ASME-]. of Basic
Engineering, vol. 82 (Series [7), pp. 35-35 discloses the
limitation of “prediction.”

See, e.g., p. 36, bottom of right hand column in section
“Optimal  Estimation,” first paragraph: “we have a
prediction problem. Since our treatiment will be general
encugh to include these and similar problems, we shall use
hereafter the colicctive term estimation.”

At the time of the invention, it was obvious o a Person
Having Ordinary Skill In The Art that this Hmitation was
commercially available prior-art, utilizing several different
technologies to obtain predicted positions along streamers,
including the positions of any streamer positioning devices
disposed therealong.  Since the 19807s, some commercial
streamer navigation svstems have utilized Kalman Filter
technology, which includes a ‘prediction’ step as integral
to the technology. Kalman filter technology was widely
known prior-art at the time of the invention.

obtaining an estimated velocity of | Given “a predicted position of the streamer positioning
the streamer positioning devices; devices,” then it s obvious to a Person Having Ordinary
Skill In The Art that velocities are readily obtained from
differences in positions over known time intervals based
on fundamental historical concepts of marine navigation,
In marine seismic navigation systems at the time of
invention, solutions for positions are typically available
several times per minute which yields estimates of
velocities several times per minute as simple differences of
positions.
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At the time of the invention, it was also obvious to a
Person Having Ordinary Skill In The Art to use
commercially availabie current meters, based on acoustic
Doppler measurements, or other technologies: or 1o use
commercially available Kalman filter based navigation
systems which can estimate velocities of locations along a
streaimer, such as at streamer positioning devices.

Waorkman *472 discloses this limitation.

See, eg., Workman ‘472 at Col. 2, H. 15-18 (“These
devices and methods may then be used to determine the
real time position of the seismic sources and seismic
streamer cables by computing a network solution to a
Kalman filter, as disclosed by U.S. Pat. No. 5,353,223").

Kalman, R.E., 1960, “A New approach to Linear Filtering
and Prediction Problems,” Trans of ASME-J. of Basic
Engineering, vol. 82 (Series D), pp. 35-35 discloses the
limitation of “prediction.”

See, e.g., p. 36, bottom of right hand column in section
“Optimal  Estimation,”  first paragraph: “we have a
prediction problem. Since our treatment will be general
enough to include these and similar problems, we shall use
hercatter the collective term estimation.”

Estimation is a fundamental aspect of Kalman filtering
technology. A person Having Ordinary Skill In The Art
will understand that the disclosed Kalman filter is a weli-
Known prior art technology that is obvious to use to obtain
an estimated velocity.

for at least some of the streamer
positioning  devices, calculating
desired changes in the orientation
of their wings using said predicted
position  and  said  estimated
vetocity:

The Workman *472 patent discloses this limitation.

See, eg., Workman 472 at Cel. 3, 1. 42-43 (“and a
streamer cabie controller 16 for controlling the streamer
positioning devices 147). See also, e.g., FIG. 2

See. e.g., Workman ‘472 at Col. 3, 1L 539-62 (“includes a
streamer control processor 40 for ... calculating a position

[
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correction to reposition the streamer cables 137)

See. e.g., Workman ‘472 at Col. 4, 11 17-21 {*The streamer
control processor 40 is connected to the streamer device
controller 16, When the streamer cables 13 need 1o be
repositioned, the position correction is used by the
streamer device controller 16 to adjust the streamer
positioning devices 14 and reposition the streamer cables
13.7%)

At the time of the invention, it was obvious fo a Person
Having Ordinary Skill In The Ant to “calculate desired
changes in the orientation of their wings™ hased on various
available technologies. These obvious technologies could
have included various control theory technigues; and could
have involved the calculation of wing orientation from
position and velocity utilizing the relationships of forces
on the wing and wing orientation or angle.  These
relationships of forces and wing angles and wing shapes
were well-known long-standing prior-art, available from
the  technelogies  of  aerodynamics  andfor  the
hydrodynamics of rudders.

and actuating the wing motors 1o | The Workman *472 patent discloses this limitation.
produce satd desired changes in
Wing orientation. See, eg, Workman ‘472 at Col. 1, i, 55-57 {(“For
example, devices to control the lateral positioning of
streamer cables by using camber-adjustable hvdrofoils or
angled wings are disclosed™)

This limitation is disclosed in the Zachariadis “664 patent,

See, e.p.. Zachariadis 064, claim 1; col. 13, L 13 to col.
14, 1. 2 (*a motor associated with cach control surface for
rotating said contro} surface ... to a second position at
which a desired lateral thrust is imparted to said cable,
receiving means ... to cause said motor to rotate said
control surface of said second position™)

At the time of the invention it was obvious to a Person
Having Ordinary Skill in The Art that wing motors were
commercially available prior-art, as found, for example, in

6
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depth birds from multiple commercial suppliers.

2. A method as claimed in
claim 1, wherein said estimated
velocity is caloulated using a vessel
speed received from said seismic
survey vessel's navigation system,

At the time of the invention, it was obvious to a Person
Having Ordinary Skill In The Art that “calculating velocity
of at least one of the streamer positioning devices™ must
include the “vessel speed™ as the major component because
the wvessel s towing the sweamers and the streamer
positioning devices. Tt is also obvious {o a Person Having
Ordinary Skill In The Art that the “calculating veloeity”
involves a veector which by definition must include
direction as well as speed. Thus in addition to the “vessel
speed” it is required to also have information regarding
vessel heading, course, and/or track-made-good.

At the time of the invention, it was also obvious to a
Person Having Ordinary Skill In The Art that # was
routine navigational practice to obtain vessel speed in any
of several ways within the prior-art. For example, satellite
navigation or radio-navigation sysiems can routinely
provide vessel position and speed.  Additionally Doppler
sonar speed logs or electromagnetic speed logs are well-
known commercially available prior-art devices which can
provide vessel speed through the water,

3, A method as claimed in
ctaim 2, in which said estimated
velocity is a water referenced
towing velocity that compensates
for the speed and heading of
marine curreats acting on  said
streamer positioning devices.

At the time of the invention, it was obvious fo a Person
Having Ordinary Skill In The Art to utilize the vector
combination of the towing velocity vector and current
velocity to obtain a “water referenced towing velocity™.
Further it was obvious that this limitation was disclosed in
long-standing navigational prior-art discloses techniques
for “dead reckoning” which “compensate for the speed and
heading of marine currents.”

At the time of the invention, it was also obvious to a
Person Having Ordinary Skill In The Art to utilize
commercially available prior-at devices and methods such
as Doppler sonar current meters or electromagnetic speed
logs that can directiy provide vessel speed and course
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through the water,

4, A method as claimed in
claim 3, in which said estimated
velocity  is compensated  for
relative movement between  said
seismic survey vessel and  said
streamer positioning devices.

At the time of the invention, it was obvious to a Person
Having Ordinary Skill In The Art that the vector
combination of the relative velocity vector (“relative
movement between said seismic survey vessel and said
streamer  positioning  devices.”) and  vessel velocity
{referenced to the water as in c¢laim 3.} to obtain a
“velocity [that] is compensated” is application of weli-
known prior-art in the vector analysis of velocities.

5 A method as claimed in
claim 4, in which said
calculating a desired change in
wing orientation further uses an
estimate  of the  crosscurrent
vefocity at the respective streamer
positioning device.

step of

Al the time of the invention, it was obvious to a Person
Having Ordinary Skill In The Art to use commercially
available Doppler somar speed logs or electromagnetic
speed logs to provide vessel speed through the water which
can be used in classical prior-art navigation to compare
with radio-navigation or satellite pesitions of the vessel to
determine crosscurrents.

At the time of the invention it was obvious to a Person
Having Ordinary Skill In The Art that it ts possible to
catculate a desired change in wing orientation” only if an
“estimate of the cross-current velocity™ is available, /e,
only if the se-catled angle-of-attack of the wings relative to
water flow were available, rather than simply the angle of
the wings relative to the streamer axis. Then, given the
complete geametry information including the crosscurrent
and the angle-of-attack, the relationships of forces and
wing angles and wing shapes are obvious as well-known
prior-art.
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6. A method as cleimed in

claim 5, in which said step of

calculating a desired change in
wing orientation is regulated to
prevent the wing from stailing.

At the time of the invention, it was obvious to a Person
Having Ordinary Skill In The Art to regulate wing angles
to prevent stalling, given complete information about the
relative geometry of the wings and water flow over the
wings, including the so-called angle-ot-attack.

7. A method as claimed in

claim 6, in which said step of

calculating a desired change in
wing orientation is regulated by a
giobal control system located on or
near said seismic survey vessel that
is configured into a feather angle
mode, wherein said global control
system  attempts  to  direct the
streamer positioning  devices to
maintain each of said streamers in
a straight line offset from the
towing direction of said marine
seismic vessel by a certain feather
angle, and into a turn control
mode, wherein said global control
system  directs  said  streamer
positioning devices to gencrate a
force in the opposite direction of a
turn at the beginning of the turn.

The hmitation of “calculating a desired change in wing
orientation 18 regulated by a global control system located
ont or near said seismic survey vessel” 1s disclosed in the
Zachariadis "664 patent.

See, generally, Zachariadis 664, Col. 3, 1L 43 10 Col. 4, 1.
4.

See, e.g., Zachariadis ‘664, Col. 3, 1. 43-44 ("It is a further
object 1o control the lateral positioning devices of such as
svstem through the use of a computer.™)

See, e.g., Zachariadis 664 Col. 3, 1L 55 (“Transmisstons
means are provided”)

See, e.g., ‘664 Zachariadis, Col. 3, . 58-66 (“Suitable
circuitry in ecach lateral positioning device senses and
examines the coded control signal ... In the selected lateral
positioning device, circuitry  further decodes the coded
control signal. Motor actuation means are controlled by
the decoder means and operate motor means for the
adjustment of the lateral positioning control surfaces™).

At the time of invention, given the state of the art of
contro} systemns, it would have been obhvious to a Person
Having Ordinary Skill In The Art to provide “a global
control system located on or near said seismic vessel” to
control/regulate multiple streamer positioning  devices,
each with their own local controller.

At the time of the invention, it was obvious to a Person
Having Ordinary Skill In The Art to describe various
equivalent modes of operation for mulliple streamers

9
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having lateral control.  Various modes of operation of
seismic streamers had been publicly recognized within the
seismic industry since the 19705 and 19807s, and became
widely recognized in commercial practice by the early
19907s. The Hmitation of "a feather angle mode wherein

. maintain each of said streamers in a straight line offset
from the towing direction of sald marine seismic vessel by
a certain feather angle” was recognized as obvious from
the time of the first commercial use of multiple streamers.
This concept of desiring to tow streamers straight and
parallel with constant feather angle was widely recognized
and employed as commercial practice by the early 19907,
Al the time of the invention, the lunitation of “a feather
angle mode wherein ... maintain each of said streamers in
a straight line offset from the towing direction of said
marine seismic vessel by a certain feather angle” was
obvious. At the time of the invention, it was also obvious
to operate streamers in circles {so-called circle-shoots).

The Zachariadis *664 patent discloses the limitation of a
“feather angle mode.”

See, e.g., Zachariadis ‘664 at Col. 12, H. 53-57 ("It should
also be reabized that the adjustments of said  lateral
positioning devices to position the cable 1 a straight line
along a heading from the towing vessel can be
accomplished automatically by a suitably sized and
prograimmed computer.”)

8. A method as claimed in | The Workman ‘472 patent discloses this limitation of
claim 7, i which said global | “streamer separation mode.”
control system is further

configured into a streamer | o¢e, e.g., Workman “472 at Col. 1, 1L 33-35 (“The ability
separation mode, wherein  said ¢ W0 control the position and shape of the streamer cables is
global control svstem atiempts 1o desirable for preventing the entanglement of the streamer
direct said streamer positioning | cables”).

device to maintain a minknum
separation distance between
adjacent streamers.

See, eg. Workman 472 at Col. 3, 1l 38-67 (*ln the
present embodiment of the invention, the marine selsmic
data acquisition syvstem 05 also includes a streamer control
processor 40 for deciding when the streamer cables 13

10
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should be repositioned and for coleulating a position
correction 1o reposition the streamer cables 13 Also in the
present embodiment of the invention, threshold parameters
are established for determining when the streamer cables
should be repositioned. Threshold parameters may include
a plurality of values for minimum allowable sepasations
between streamer cables 137)

See, eg, Workman 472 at Colo 4, 11 8-35 (discloses
streatner conirol processor,

The limitation of a global control system is disclosed in
Zachariadis ‘664,

See, e.g., Claim 7 Analysis, and see, generally, Zachariadis
‘064, Col. 3, 1. 4310 Col. 4, 1. 4

At the time of the invention it was obvious to a Person
Having Ordinary Skill In The Art that “streamer separation
mode™ exemplified commonsense commercial practice, It
was obvious that avoiding entanglement of multiple
streamers was the primary goal and mode of operation
since the earliest malti-streamer 312 seismic surveys in the
late 19RO s and early 19940's.

9. A method as claimed in | This limitation is disclosed in the Zachariadis *664 patent.
claim 8, further including the step
of displaying the position of said See, e.g., Zachariadis ‘664, Abstract, 1. 11-13 (“visual
streamer  positioning  devices on display of the relative position of each lateral positioning
said seismic survey vessel, device with respect to the vessel™),

See, e.g., Zachariadis 664, Cobl 3, . 29-33 (“The
coordinate signals are provided to a display matric of a
suttable device ... for display of the relative pesitions of
the vessel and lateral positioning devices™)

See, e.g., Zachariadis 664, Col. 5, I 38-61 {"A simple
plot of the X and Y coordinates of the ship and the lateral
positioning devices is provided on a suitable visual display
device™).

See, e.g., Zachariadis 664, Col. 4, H. 28-30 (“FIG. 5
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Citations from prior-art

illusirates a visual display of the coordinates of the vessel
and selected points along the towed cable as determined by
the equipment of FIG. 27); and said equipment is disclosed
at, e.g., Cob 4, 1L 20-21 (*FIG. 2 illustrates in block
diagram form the cable ... positioning eguipment of the
invention™}

See, e.g., Zachariadis *664, Col. 8, Il 60-64 (“In addition
to the location of the marine vessel and the lateral
positioning devices, the locations of various ... may also
be displayved”).

See, e.g., Zachariadis *664, Col. 3, I, 31-33 (“display of
the relative positions of the vessel and the lateral
positioning devices with respect o the selected heading.”™)

At the time of the invention, it was obvious to a Person
Having Ordinary Skill In The Art that displaying the
positions of the streamer positioning devices (and of the
entire streamer) was necessarily common commercial
praciice. Such displays utilized many different forms of
computer graphics devices and display algorithms.

16. Apparatus for controlling
the positions of marine seismic
streamer in an  array  of  such
streamers being towed by a seismic
survey vessel, the streamers having
respective  streamer  positioning
devices disposed thercalong and
gach streamer positioning device
having a wing and a wing motor
for  changing the  horizontal
orientation of the wing so as to
steer the streamer positioning
device laterally, said apparatus
comprising:

Waorkman ‘472 discloses this clabm preamble.

The limitation of “marine seismic streamers in an array of
such streamers being towed by a seismic survey vessel” is
disclosed in the Workman 472 patent.

The limitation of “streamer positioning devices disposed
thercalong and cach streamer positioning device having a
wing and a wing motor for changing the orientation of the
wing” is disclosed in the Workman “472 patent.

The limitation “to steer the streamer positioning device
laterally” is disclosed in the Workman *472 patent.

See, e.g., Workman 472 at Col. 1, Il 55-61 (describes
lateral positioning with wings). A Person Having Ordinary
Skill In The Art will readily understand that a wing motar
to move a wing is obvious.

12

WesternGeco Ex. 2033, pg. 341
IPR2015-00567
ION v WesternGeco




LS. Patent No. 6,932,017 Citations from prior-art
Asserted Claims

See, e.g., Workman ‘472 at Col. 2, 1. 32-33 (“the prior art
discloses a scries of discrete devices for locating and
controlling the positions of streamer cables™) and Col. 2, 1L
45-47 (*The present inveniion is an improved system for
controlling the position and shape of marine seismic
streamer cables™).

See, e, Workman ‘472 at Col. 3, 1L 33-43 (“As known to
those skilled in the art, components of the marine seismic
data acquisition system 03, on the vessel 11, may include

a network solution systemr 10 for determining the
pasition of the streamer cables 13 and seismic sources 12,
and a streamer cable controller 16 for controlling the
streamer positioning devices™).

See, e.g., Workman ‘472 at Col. 1, H. 17-19 (“Due to the
increasing use of marine 3-D seismic data, mulii-cable
marine surveys are now commonplace™).

See, eg., Workman 472 at Col. I, L 45 (“Streamer
positioning devices are well known in the art™).

See, e.g, Workman "472 at Col. 3, 11, 14-20 (*As known to
those skilled in the art, streamer positioning devices 14, for
example birds and tail buoys, may be attached to the
exterior of the stremmer cables 13 for adjusting the vertical
and lateral positions of the streamer cables 13. The
streamer cables 13 include electrical or optical cables for
connecting  the streamer positioning devices 14 to
individual control and logging systems™).

The Zachariadis 664 patent discloses this claim preamble.

See, e.g., Zachariadis ‘664, Claim |, (Col. 13, 1. 6) to (Col.
14, 1. 2y (A system for controlling the lateral position of a
marine cable being towed by a vessel and having
adjustable control surfaces affixed to said marine cable at a
plurality of spaccd-apart positions along said cable for
varying lateral thrust to said cable in response to control
signals from the vessel, the improvement comprising: (2) a
motor associated with each control surface for rotating said
control surface from a neutral position at which no lateral
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thrust is imparted to said cable to a second position at
which a desired lateral thrust ts imparted to said cable, (b)
receiving means associated with each control surface for
decoding  the control  signals from  said vessel and
producing a first electric current of magnitude and
direction necessary to cause said motor to rotate said
control surface of said second position™)

See, e.p., Zachariadis 664, Col. 1, Il. 41-43 (“Lateral
positioning of a towed cable comprises two basic aspects:
determining the existing position of the cable and moving
it to a desired position”).

See, generally, Zachariadis ‘664, Col. |, 1. 41 to col. 2, L
68.

The limitation of “sireamer positioning devices disposed
therealong and each streamer positioning device having a
wing and a wing motor for changing the orientation of the
wing” is disclosed in the *664 Zachariadis patent.

See, e.g., Zachariadis ‘664, Col. 3, 1. 16-18 *a plurality of
remotely  controlled,  lateral  positioning  devices  are
mounted at sclected points along the length of the cable™),
See, ez, Zachariadis ‘664, ¢laim 1, Col. 13, 1L 13-14 ("a
motor associated with each control surface [wing] for
rotating said control surface™).

The limitation “to steer the streamer positioning device
laterally™ is disciosed in the Zachariadis “664 patent,

See, e.g., Zachariadis 664, Abstract ("Coded digital
commands are generated and transmitted to each lateral
positioning device for adjustiment of its control surfaces
whercby the lateral thrust produced the device as it is
towed through the water is varied and the horizontal
position of the portion of the cable to either side of the
device controlled™)

See, e.g., Zachariadis *664, Col. 3, 1L 3-5 (It is an object
of thie] invention to provide a system for controlling the
lateral position of a cable being towed through the
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water.”).

See, e.g., Zachariadis *664, Col. 1, 1L 41-43 {“Lateral
positioning of a towed cable comprises two basic aspects:
determining the existing position of the cable and moving
it to a desired position™),

means for obtaining a predicted | Under 35 U.S.C. § 112, 4 6, the cited priori art discloses
position of the streamer positioning | structure that performs the claimed function of obtaining a
devices:; predicted position of the streamer positioning devices and
that is either identical to the structure identified by the
Court or equivalent structure.,

The Workman “472 patent discloses a structure to perform
this function comprised of a streamer cable controller and
a streamer conirol processor.

See, eg.. Workman 472 at Col. 3, 11, 33-34 and 1. 42-44
{(*As known to those skilled in the art, components of the
marine seismic data acquisition svstem 03, on the vessel
11, may imclude ... a streamer cable controller 16 for
controling the streamer positioning devices 14.7)

See, e.g., Workman “472 at Col. 3, Il 58-62 {“the marine
seismic data acquisition system 05 also includes a streamer
control processor 40 for deciding when the streamer cables
13 should be repositioned and for calculating a position
correction to reposition the streamer cables 13.7)

See, eg., Workman 472 at Col. 2, H. 15-19 which
discloses  “prediction” in a Kalman filter The
aforementioned disclosed structure performs the function
of: {*These devices and methods may then be used to
determine the real time position of the seismic sources and
seismic streamer cables by computing a network solution
o a Kalman filter, as disclosed by U.S5. Pat. No.
5,353,223,

Kalman, R.E., 1960, “A New approach to Linear Filiering
and Prediction Problems,” Trans of ASME-J. of Basic
Engineering, vol. 82 (Series 13), pp. 35-33 discloses the
imitation of “prediction.”
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See, e.g., p. 36, bottom of right hand column in section
“Optimal Dstimation,” first paragraph: “we have a
prediction problem. Since our treatment will be general
enough to include these and similar problems, we shall use
hereafter the collective term estimation.”

At the time of the invention, a structure to perform this
function was obvious to a Person Having Ordinary Skill In
The Art, This structure was commoercially available prior-
art, wihizing several different technologies to obtain
predicted posittons along streamers, including the positions
of any streamer positioning devices disposed therealong.
Since the 1980°s, some commercial streamer navigation
systems have utilized Kalman Filter technology, which
includes a ‘prediction” step as integral to the technology.
Kalman filter technology was widely known prior-art at
the time of the invention.

Under 35 U.S.C. § 112, 9 6, the cited prior art discloses
means for obtaining an estimated | structure that performs the claimed function of obtaining
velocity of the streamer positioning | an estimated velocity of the streamer positioning devices
devices, and that is either identical to the structure identified by the
Court or equivalent structure.

The 017 specification states that “The towing velocity and
crosscurrent velocity are preferably “water-referenced”
values that are calculated from the vessel speed and
heading values and the current speed and heading values,
as well as any relative movement between the seismic
survey vessel 10 and the bird 18 (such as while the vessel
s tureing).  Allernatively, the global control system 22
could provide the local control system with the horizontal
velocity and water in-flow angle. The force and velocity
values are delivered by the global control system 22 as
separate values for each bird 18 on each streamer 12
continuvously during operation of the control system. The
“water-referenced”  towing velocity and  crosscurrent
velocity  could  alternatively  be  determined  using
flowmeters or other types of water velocHy sensors
attached directly to the birds 18.”
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The Workman 472 patent discloses g structure to perform
this function comprised of a streamer cable controller and
a streamer control processor.

See, e.g., Workman "472 at Col. 2, 1L 13-18; at Col. 4, 1L &;
and “prediction” in a Kalman filter at Col, 2., 1L 15-19,
The aforementioned disclosed structure performs the
function of: “These devices and methods may then be used
to determine the real time position of the seismic sources
and seismic streamer cables by computing a network
solution 1o a Kalman filter, as disclosed by U.S. Pai, No.
5,353.223").

Given “a predicted position of the streamer positioning
devices,” then a Person Having Ordinary Skill In The Ant
will understand that velocities are readily obtained from
differences in positions over known time intervals based
on fundamental concepts of marine navigation known for
generations. I marine seismic navigation systems at the
time of invention, solutions for positions are typically
avatlable several times per minute which obviously yields
estimates velocities several times per minute as simple
differences of positions.

At the time of the invention, it was obvious o a Person
Having Ordinary Skill In The Art to use commercially
available current meters, based on acoustic Doppler
measurements, or other techniques; or to use commercially
available Kalman filter based navigation systems which
can estimate velocities of locations along a streamer, such
as a sirearner positioning device.

Kalman, R.E., 1960, “A New approach to Linear Filtering
and Prediction Problems,” Trans of ASME-]. of Basic
Engineering, vol. 82 (Series D), pp. 35-35 discloses the
limitation of “prediction.”

See, e.g.. p. 36, bottom of right hand column in section
“Optimal  Estimation,”  first paragraph: “we  have a
prediction problem.  Since our treatment will be general
enough o include these and similar problems, we shall use
hereafter the collective term estimation.”

Estimation is a {undamental aspect of Kalman filtering
technology. A person Having Ordinary Skill In The Art
will understand that the disclosed Kalman filter is a well-
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known prior art technology that is used to obtain an

estimated velocity.

means for caleating desired changes in the orientations of
the respective wings of at least some of the streamer
positioning devices using said predicted position and said
estimated veloceity;

Under 35 US.C. § 112, % 6, the
cited prior art discloses structure
that performs the claimed function
of calculating desired changes in
the orientations of the respective
wings of at least some of the
streamer positioning devices using
said predicted position and said
estimated velocity and that is either
identical to the structure identified

by the Court or eguivalent
siructure.
The  Workman 472 patent

discloses a structure to perform this
function comprised of a streamer
cable controller and a streamer
control processor.

See, e.g., Workman 472 at Col. 3,
Il 42-43 (“and a streamer cable
controller 16 for controlling the
streamer positioning devices 147
See also, e.g., FIG. 2

See, e¢.g.. Workman 472 at Col. 3,
. 59-62 (“includes a streamer
control  processor 40 for

caleulating a position correction to
reposition the streamer cables 13”)

See, e.g., Workman ‘472 at Col. 4,
It 17-21 (*The streamer control
processor 440 is connected to the
streamer device controller 16,
When the streamer cables 13 need
to be repositioned, the position
correction is used by the streamer
device controller 16 to adjust the
streamer positioning  devices 14
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and reposition the streamer cables
13.7%)

At the time of the invention,
structures to perform this function
were obvious to a Person Having
Ordinary Skill In The Art. These
structures  coubd  have  included
various contrel theory techniques;
and could have involved the
calcufation of wing orientation
from position and velocity utilizing
the relationships of forces on the
wing and wing orientation or
angle. These relationships  of
forces and wing angles and wing
shapes were well-known long-
standing prior-art, available from
the technologies of aerodynamics
and/or  the hydrodynamics of
rudders.

and means for actuating the wing motors to produce said | Under 35 US.C. § 112, § 6, the
desired changes in wing orientation, Workman ‘472 patent discloses
structure that performs the claimed
function of actuating the wing
motors to produce said desired
changes in wing orientation and
that is either identical to the
structure ilentified by the Court or
equivalent structure,

The Workman ‘472 discloses a
structure to perform this function,

See, e.g., Workman ‘472 at Col. I,
1. 55.57 {“For example, devices (o
controt the lateral positioning of
streamer cables by using camber-
adjustable hydrofoils or angled
wings are disclosed”)

The claimed function is “actuating
the wing motors to produce said
desired changes in wing
orientation”. The Court has given
a construction of “motor driver;
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and equivalents thereo!™.

The Zachariadis 664  patent
discloses structures to perform this
function.

See, eg., Zachariadis ‘0664, claim
oeol 13, L 13 tocol. 14,1 2 (“a
motor associated with each control
surface for rotating said control
surface ... 1o a second position at
which & desired lateral thrust is
imparted to said cable, receiving
means ... to cause said motor to
rotate said control surface of said
second position™)

Al the time of the invention it was
obvious to a Person Having
Ordinary Skill In The Art that wing
motors were commercially
available prior-art  structures  to
perform this function, as found, for
example, in depth birds from
muitiple commercial suppliers.

2EH6THIV]
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A New Approach to Linear Filtering
and Prediction Problems'

R. E. KALMAN

Research Institute for Advanced Study,?
Baltimore, Md.

The classical filtering and prediction problem s re-examined using the Bode-
Shannon representation of random processes and the “state transition” method of

analysis of dynamic systems. New resulls are:
(1} The formulation and methods of solution of the problem apply withowt madifica-
tion to stationary and nonstationary statistics and to growing-memory and infinite-

mentory filters.

(2} A nonlinear difference for differenticl) equation is derived for the covariance

matrix of the optimal estimation error.

From the solwtion of this equation the co-

efficienus of the difference for differential} equation of the optimal linear filter are ob-
tained without further calculations.

(3) The filtering problem is shows to be the dual of the noise-free regulator problem.

The new method developed here is applied to two well-known problems, confirming
and extending earlier resulls.

The discussion is largely self-contained and proceeds from first principles; basic
concepts of the theory of random processes are reviewed in the Appendix.

introduction

A vportant class of theoretical and practical
probiems in comuunication and control is of a statistical nature.
Such problems are: (i) Prediction of random signals; (il) separa-
tion of random signals from random noise; (iii) detection of
signals of known form (pulses, sinusoids) in the presence of
random noise.

In his pioneering work, Wiener [1P showed that problems (i)
and (i} lead to the so-called Wiener-Hopf integral equation; he
also gave & method (spectral factorization) for the solution of this
integral equation in the practically important special case of
stationary statistics and rational spectra.

Many exiensions and generalizations followed Wiener’s basic
work. Zadeh and Ragazzini solved the finite-memory case [2].
Concurrently and independently of Bode and Shannon {31, they
also gave a simplified method [2] of solution. Booton discussed
the nonstationary Wiener-Hopf equation [4]. These resulis are
now in standard texts [5-6]. A somewhat different approach along
these main lines has been given recently by Darlington [7]. For
exiensions to sampled signals, see, e.g., Franklin [8], Lees [9].
Another approach based on the eigenfunctions of the Wiener-
Hopf equation {which applies also to nonstationary problems
whereas the preceding methods in general don’t), has been
pioneercd by Davis [10] and applied by many others, e.g.,
Shinbrot [11], Blum [12}, Pugachev [13]. Solodovnikov [14].

In all these works, the objective is to obtain the specification of
a lincar dynamic system (Wiener filter) which accomplishes the
prediction, separation, or detection of a random signal.*

! This rescarch was supported in part by the U, S. Air Force Office of
Scientific Research under Contract AF 49 (638)-382.

27212 Bellona Ave.

3 Numbers in brackets designate References at end of paper.

* Of course, in general these tasks may be done better by nonlinear
filters. At present, however, little or nothing is known about how to obtain
(both theoretically and practically) these nonlinear filters.

Contributed by the Instruments and Regulators Division and presented
at the Instruments and Regulators Conference, March 26— April 2, 1959,
of THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS,

Notg' Statements and opinions advanced in papers are to be understood
as individual expressions of their authors and not those of the Society.
Manuscript received at ASME Headquarters, February 24, 1959, Paper
No. 59—IRD-11.

Present methods for solving the Wiener problem are subject to
a number of limitations which seriously curtail their practical
usefulness:

(1) The optimal fiter is specified by its impulse response. Tt is
not a simple task to synthesize the filter from such data.

(2) Numerical determination of the optimal impulse response is
often guite involved and poorly suited to machine computation.
The situation gets rapidly worse with increasing complexity of
the problem.

(3) Important generalizations (e.g., growing-memory fillers,
nonstationary prediction) require new derivations, frequently of
considerable difficulty to the nonspecialist.

(4) The mathematics of the derivations are not transparent.
Fundamental assumptions and their consequences tend fo be
obscured.

This paper infroduces a new look at this whole assembiage of
problems, sidestepping the difficulties just mentioned. The
fotlowing are the highlights of the paper:

(5) Opfimal Estimates and Orthogonal Frojections. The
Wiener problem is approached from the point of view of condi-
tional distributions and expectations. In this way, basic facts of
the Wiener theory are quickly obtained; the scope of the results
and the fundamental assumptions appear clearly. It is seen that all
statistical calculations and resuits are based on first and second
order averages; no other statistical data are needed. Thus
difficulty (4) is eliminated. This method is well known in
probability theory {see pp. 75-78 and 148-155 of Doob {15} and
pp. 455—464 of Logve [16]) but has not vet been used extensively
in engineering.

(6} Models for Random Processes. Following, in particular,
Bode and Shannon [3], arbitrary random signals are represented
{up to second order average statistical properties) as the output of
a lingar dynamic system excited by independent or uncorrelated
random signals (“white noise™). This is a standard trick in the
engincering  applications of the Wiener theory [2-7]. The
approach taken here differs from the conventional one only in the
way in which linear dynamic systems are described. We ghal
emphasize the concepts of stale and state iransition; in other
words, linear systems will be specified by systems of first-order
difference {or differential) equations. This point of view is
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natural and also necessary in order to fake advantage of the
simplifications mentioned under {5).

(7 Solution of the Wiener Problem. With the state-transition
method, a single derivation covers a large variety of problems:
growing and infinite memory filters, stationary and nonstationary
statistics, et difficulty (3) disappears. Having guessed the
“gtate” of the estimation (ic., fillering or prediction) problem
correctly, one is jed o a nonlinear difference {or differential}
equation for the covariance malrix of the optimal estimation error.
This is vaguely analogous to the Wiener-Hopf equation. Solution
of the equation for the covariance matrix stasts at the time £, when
the first observation is taken; at each later ime ¢ the solution of
the equation represents the covariance of the optimal prediction
error given observations in the interval (¢, ). From the covariance
matrix af time ¢ we obtain al once, without further calculations,
the cocfficients (in general, time-varying) characterizing the
optimal linear filter,

(8) The Dual Problem. The new formulation of the Wiener
problem brings it into contact with the growing new theory of
conirol systems based on the “state” point of view [17-24]. It
turns out. surprisingly, that the Wiener problem is the dua! of the
noise-free optimal regulator problem, which has been selved
previously by the author, using the state-fransition method to great
advantage [18, 23, 24]. The mathematical background of the two
problems is idenitical-—this has been suspected all along, but until
now the anatogies have never been made explicit.

{(9) Applications. The power of the new method is most ap-
parent in theoretical investigations and in numerical answers to
complex practical problems. In the latter case, it is best to resort to
machine computation. Examples of this type will be discussed
later. To provide some feel for applications, fwo standard
examples from nonstationary prediction are included; in these
cases the solution of the nonlinear difference equation mentioned
ander (7) above can be obtained even in closed form.

For easy reference, the main results are displayed in the form of
theorems. Only Theorems 3 and 4 are original. The next section
and the Appendix serve mainly to review well-known material in
a form suitable for the present purposes.

Notation Conventions

Throughout the paper, we shall deal mainly with discrese (or
sampled) dynamic systems; in other words, signals will be ob-
served at equally spaced points in time (sampling instanis). By
suitable choice of the time scale, the constant intervals between
successive sampling instants (sampling periods) may be chosen as
unity. Thus variables referring to time, such as & £, ¢ 7 will
always be integers. The restriction to discrete dynamic systems is
not at all essential (at least from the engineering point of view),
by using the discreteness, however, we can keep the mathematics
rigorous and yet elementary, Vectors will be denoted by small
boid-face letters: @, b, ..., U, X, ¥, ... A vecfor or more precisely an
n-vector is a set of # numbers x,, ... x,; the x; are the co-ordinates
or components of the vector X.

Matrices wilt be denoted by capital bold-face letters: A, B, Q,
@, ¥, ...; they are m x n arrays of elements a,, by, gy, The
transpose (interchanging rows and columns) of a matrix will be
denoted by the prime. In manipulating formulas, it will be
convenient to regard a vector as a matrix with a single column,

Using the conventional definition of matrix multiplication, we
write the scalar product of two n-vectors X, ¥y as

n
Xy =3 xy =y'x
i=}

The scalar product is clearly a scalar, i.e,, not 2 vector, quantity.

Similarly, the quadratic form associated with the » * n matrix Q
15,
H
x.Qx = Zx;'quxj

i, £t

We define the expression Xy where X' is an m-vector and y s an
n=vector to be the m = 1 matrix with elements xy;,

We write £(x) = £x for the expected value {}fJ the random vec-
tor ¥ (see Appendix). It is usually convenient to omit the bracke(s
after £, This does not result in confusion in simple cases since
constants and the operator £ commute. Thus £Xy' = matrix with
elements EQxy); EXEY" = mairix with elements Fx)E).

For ease of reference, a Hst of the principal symbels used is
given below.

Optimal Estimates
¢ time in general, present time.
4, time at which observations start.

x,(8), x,(8)  basic random variables.
observed random variable.
#(r)  optimal estimate of x,{1,) given p(#), ..., (1)

L loss function (non random function of its argument},

£  estimation error (random variable).

Orthogonal Projections

Y(#) linear manifold generated by the random variables
W) s 1)
(1) orthogonal projection of x(1;) on Y{1}.
¥ {lH  component of x(¢) orthogonal to Y{r}.

Models for Random Preocesses
®+1; 6  transition matrix
Q(H covariance of random excitation

Solution of the Wiener Problem

x(/}  basic random variabie.
y{#} observed random variable.
Y{y linear manifold generated by y(t,), ... Y().
Z{6y linear manifold generated by y (1 — 1),
x*(}f)  optimal estimate of x(1;) given Y.
X (1| error in optimal estimate of x{r,) given Y{).

Optimal Estimates

To have a concrete description or the type of probiems to be
studied, consider the following situation. We are given signal
x,(£) and noise x,(f). Only the sum y(7) = x,{1) + x,{1) can be ob-
served. Suppose we have observed and know exactly the values
of 1(#,), ..., y(t), What can we infer from this knowledge in regard
to the (unobservable) value of the signal at 7 = £, where #, may be
less than, equal to, or greater than 7 ¥ 4 < ¢ this is a data-
smoothing (inferpolationj problem. If +, = 1 this is called
Jiltering, 1§ ¢, > 1, we have a prediction problem, Since our treat-
ment wili be general enough to include these and similar
probiems, we shatl use hereafter the collective term estimation.

As was pointed out by Wiener [1], the natural setting of the
estimation problem belongs to the realm of probability theory and
statistics, Thus signal, neise, and their sum will be random
variables, and consequently they may be regarded as random
processes. From the probabilistic description of the random
processes we can determine the probability with which a par-
ticular sample of the signal and noise will oceur, For any given
set of measured values 7(zy), ... 7() of the random variable y(7)
one can then alse determine, in principle, the probability of
simuitaneous occurrence of various values &{t) of the random
variable x,(¢,). This is the conditional probability distribution
function
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Prix )y S & blta) = nlte), .., (O = n(0) = FL&) (1}

Evidently, F(&,) represents all the information which the meas-
urcment of the random variables p{5), ..., ¥} has conveyed about
the random variable x,(1,). Any statistical estimate of the random
variable x,(r;) will be some function of this distribution and
therefore a {nonrandom) function of the random variables y(f), ...,
w{2). This statistical estimate is denoted by X710, or by just X\(z,)
or X; when the set of observed random variables or the time at
which the estimate is required are clear from context.

Suppose now that X, is given as a fixed function of the random:
variables (£}, ... ¥{f). Then X, is itself a random variable and its
actual value is known whenever the actual values of 3{1,), ..., 3(0)
are known. In general, the acwal value of X,(7)) will be different
from the (unknown) actual value of x,(¢,). To arrive at a rational
way of determining X|, it is natural to assign a penalty or loss for
incorrect estimates. Clearly, the loss should be a (i) positive, (ii)
nondecreasing function of the estimation error & = x(t)) — X;{1)).
Thus we define a loss fimction by

L0)=0

L)z Me) =0 when g2 20 2)

L(e) = L{-€)

Some common examples of loss functions are: L(g) = ag?, gg®,
alel, a1 - exp{-€9)}, etc., where ¢ is a positive constant.

One {but by no means the only) natural way of choosing the
random vagiable X, is o require that this choice should minimize
the average loss or risk

E{Lx(e) - ()l = ELE{Lb(n) - X (0)]p(n). - p(03] (3

Since the first expectation on the right-hand side of (3) does not
depend on the choice of X but only on ¥(z,), ..., ¥(#), it is clear that
minimizing (3} is equivalent to minimizing

E{Lpx () — Xy (6 (). o M0} 4

Under just slight additional assumptions, optimat estimates can be
characterized in a simple way.

Theorem 1. Assume that L is of type (2} and that the conditional
distribution function F(£) defined by (1} is:

(A) symmetric about the mean E:
FE-5)=1-FE-8)
(B) convex for £ <& :
FOE, + (1= R)Eg) < MG + (1~ MF(Ey)
forall&,E8,< & and 0S A< |

Then the random variable x*(1\|[t) which minimizes the average
loss (3} is the conditional expectation

¥ (e = Bl ()i, - vl 5

Proof: As pointed out recently by Sherman [25], this theorem
follows immediately from a well-known lemma in probabiliey
theory.

Corotlary. If the random processes {x (D)}, {x,(0}, and {3(5)}
are gaussian, Theorem | holds.

Proof: By Theorem 3, (4} (see Appendix), conditional distribu-
tions on a gaussian random process are gaussian, Hence the re-
quirements of Theorem | are always satisfied.

In the conrol system literature, this theorem appears some-
times in a form which is more restrictive in one way and more
general in another way:

Theorem l-a. ¥ L(x) = €2, then Theorem [ is true without as-
sumptions (A} and {B).
Proof: Expand the conditional expectation {4):

Elx (bt o #(0] 2X (e DE (), - (O] + X5

and differentiate with respect to X,{#,). This is not & completely
rigorous argument; for a simple rigorous proof see Doob {15}, pp.
77-78.

Remarks. (¢) As far as the author is aware, it is not known what
is the most general class of random processes {x,(f)}. {x{7)} for
which the conditional distribution function satisfies the re-
quirements of Theorem 1.

() Aside from the note of Sherman, Theorem 1 apparently has
never been stated explicitly in the control systems literature. In
fact, one finds many statements to the effect that loss functions of
the general type {2) cannot be conveniently handled mathe-
maticaily.

{c} In the sequel, we shall be dealing mainly with vector-
valued random variables. In that case, the estimation problem is
stated as: Given a vector-vaiued random process {X(¢}} and ob-
served random variables ¥(i,), ..., ¥(1), where y(9) = Mx{} (M
being a singular matrix; in other words, not all co-ordinates of
X(¢} can be observed), find an estimate X{/,} which minimizes the
expected loss EJL{x{r;) -~ X(&;MN). || {l being the norm of a
vector,

Theorem 1 remains true in the vector case also, provided we
re- quire that the conditional distribution function of the n co-
ordi- nates of the vector X{¢,),

Prixn) €& o %0 < LY () L YOI = (& 08D

be symmetric with respect to the nvariables £, - £, ... &, ~ &,
and convex in the region where ali of these variables are
negative.

Orthogonal Projections

The explicit calculation of the optimal estimate as a function of
the observed variables is, in general, impossible. There is an
important exception: The processes {x,(1)}, {x,{f}} are gaussian.

On the other hand, if we attempt to get an optimal estimate
under the restriction L{g} = &7 and the additional requirement that
the estimate be a lLinear function of the observed random
variables, we get an estimate which is identical with the optimal
estimate in the gaussian case, without the assumption of linearity
or guadratic loss function. This shows that results obtainable by
linear estimation can be bettered by nonlinear estimation only
when (i) the random processes are nongaussian and even then (in
view of Theorem 5, (C)) only (ii) by considering at least third-
order probability distribution functions.

In the special cases jusi mentioned, the explicit solution of the
estimation problem is most easily understood with the help of a
seometric picture, This is the subject of the present section,

Consider the (real-valued} random variables v(f), ..., ¥(1). The
set of all linear combinations of these random varjables with real
cocfticients

> auiy (6)

(ﬂlﬂ
forms a veclor space (finear manifold) which we denote by Y(#).
We regard, abstractly, any expression of the form {6) as “point”
or “vector” in Y{r}; this use of the word “vector” should not be
confused, of course, with “vector-valued” random variables, etc.
Since we do not want to fix the value of ¢ (i.e., the total number
of possible observations), Y{r) should be regarded as a finite-
dimensional subspace of the space of all possible observations.
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Given any two vectors w, v in Y{) (i.e,, random variables ex~
pressible in the form (6)), we say that » and v arc orthogonal if
Ewv = 0. Using the Schmidt orthogonalization procedure, as de-
seribed for instance by Doob [151, p. 151, or by Loéve [16], p.
459, it iy easy to select an orthonarmal basis in Y(0), By this is
meant a set of vectors ¢,, ..., ¢ in Y(1) such that any vector in
V(1) can be expressed as a unique lincar combination of ¢, ..., ¢,
and

Eeg,=8;,=1 if i=j
/=t .. ) (7}
=0 if i#f

Thus any vector ¥ in Y(1). is given by

i
X= Z ae,

Fmly
and so the coefficients g, can be immediately determined with the
aid of {(7):

1 i I
Exe, = b[Za,e, }2}, :zgaﬁe,ej :ZJ,SU =g,
47'141

i=hy Bty

(8)

1t follows further that any random variable x {not necessarily in
Y{13) can be uniquely decomposed into two parts: a part ¥ in Y (1)
and a part ¥ orthogonal to Y(#} (i.e., orthogenal to every vector in
Y. In fact, we can write
i
X=X+3i= Z(Exei)e, +X
ety
Thus ¥ is vniquely determined by eguation (9) and is obviously
a vector in Y. Therefore ¥ is also uniquely determined; it
remains to check that it is orthogonal to Y{#)

Exe, = E(x -X)e, = Exe, — Fi¥e,

(%

Now the co-ordinates of X with respect to the basis ¢, ..., ¢, are
given either in the form ZXe, (as in (8)) or in the form Exe, {as in
(9)). Since the co-ordinates are unigue, Exe, = EXe, (I =1, ... I}
hence EXe,= () and ¥ is orthogonal to every base vector e, and
therefore to Y{(7). We call ¥ the orthogonal projection of x on
Y.

There is another way in which the orthogonal projection can be
characterized: ¥ is that vector in Y() (i.e., that linear function of
the random variables y(fy), ..., ¥{{}} which minimizes the quad-
ratic loss function. In fact, if is any other vector in Y(7), we
have

Elx=%Y = E(F+5-%Y = Fl(x-D)+(F-%)F

Since X is orthogonal to every vector in V(1) and in particular
to ¥ — W we have
E(x =% = Ex -3 + EE %) 2 E(x - %) {10
This shows that, if W also minimizes the quadratic toss, we must
have E(GF-wy¥ =0 which means that the random
variables ¥ and W are equal {except possibly for a set of events
whose probability is zero}.
These results may be summarized as follows:

Theorem 2. Let {x(0)}, [0} random processes with zero mean
(i.e., Ex(fy= Ey(f) =0 for all 1). We observe y{1,), ..., W£).
If either

(A} the random processes {x(1)}, {¥(0)} are gaussian; or
(B} the optimal estimate is restricted o be a linear function of
the observed random variables and L{g) = &%,

then

M) = oprimal estimaite of x(1,) given V(1) ..., W)
= artheganal projection X (1|6} of x(1;y on Y(r). (11}

These resulls are well-known though not easily accessible in
the control systems literature. See Doob [I5], pp. 75-78, or
Pugachev [26]. It is sometimes convenient to denole the
orthogonal projection by

Xt {0y x4 10 = Efx(1) (Y ()]

The motation £ is motivated by part {b) of the theorem: If the
stochastic processes in guestion are gaussian, then orthogonal
projection is actually identical with conditional expectation,

Proof. (A4} Thig is a direct consequence of the remarks in con-
nection with {10).

(B} Since x{1), ¥{1) are random variables with zero mean, it is
clear from formula (9) that the orthogonal part¥ (1)) of x{1,)
with respect ta the linear manifold Y(r) is also a random variable
with zero mean. Orthogonal random variables with zero mean are
uncorrefated; if they are also gaussian then (by Theorem 5 (B))
they are independent. Thus

= L[? ("li“)bf(fo}! o WO
= E[x (1) - X (1,100, .. 1)
— Elx ()t o v F (1) =0

Remarks. (¢} A rigorous formulation of the contents of this
seclion as ¢ —» o requires some clementary notions from the
theory of Hilbert space. See Doob [15] and Lodve [16 1.

0= EX (1)

{e) The physical interpretation of Theorem 2 is largely a matter
of taste. I we are not worried about the assumption of gaus-
sianness, part (4) shows that the orthogonal projection is the op-
timal estimate for all reasonable loss functions, I we do worry
shout paussianness, even if we are resigned to consider only
linear estimates, we know that orthogonal projections are nof the
aptimal estimate for many reasonable loss functions. Since in
practice it is difficult fo ascertain to what degree of approxima-
tion a random process of physical origin is gaussian, it is hard to
decide whether Theorem 2 has very broad or very limited sig-
nificance.

{H Theorem 2 is immediately generalized for the case of
vectar-valued random variables. In fact, we define the linear
manifold Y(£) generated by y(z,), ..., ¥{£) to be the set of all linear

combinations
+ e
2 2.4y
J=1

=y
of all m co-ordinates of each of the random vectors Y(#), ..., ¥(1).
The rest of the story proceeds as before.

(g) Theorem 2 states in effect that the optimal estimate under
conditions (4) or (B) is a linear combination of all previous cb-
servations. In other words, the optimal estimate can be regarded
as the output of a linear filler, with the input being the actuaily
occurring values of the cbservable random variables; Theorem 2
gives a way of computing the impulse response of the optimal
filter. As pointed out before, knowledge of this impulse response
is not a complete solution of the problem; for this reason, ne
explicit formulas for the calculation of the impulse response wil
be given.

Modeis for Random Processes

In dealing with physical phenomena, it is not sufficient to give
an empirical description but one must have also some idea of the
underlying causes. Without being able to separate in some sense
causes and effects, i.e., without the assumption of causality, one
can hardly hope for useful results.
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It is a fairly generally accepted fact that primary macroscopic
sources of random phenomena are independent gaussian proce
esses.” A welk-known example is the noise voltage produced in a
resistor due to thermal agitation. In most cases, ohserved random
phenomena are not describable by independent random variables.
The statistical dependence (correlation) between random signals
observed at different times is usually explained by the presence of
& dynamic system between the primary random source and the
observer. Thus a random function of time may be thought of as the
oulput of a dynamic system excited by an independent gaussian
random process.

An important property of gaussian random signals is that they
remain gaussian after passing through a linear system (Theorem 3
{AY). Assuming independent gaussian primary random sources, if
the observed random signal is also gaussian, we may assume that
the dynamic system between the observer and the primary source
is finear. This conclusion may be forced on us also because of
lack of detailed knowledge of the statistical properties of the
observed random signal: Given any random process with known
first and second-order averages, we can find a gaussian random
process with the same properties (Theorem 5 (C)). Thus gaussian
distributions and linear dynamics are natural, mutually plausible
assumptions particularly wher the statistical data are scant.

How is a dynamic system {linear or nonlinear) described? The
fundamental concept is the notion of the stere. By this is meant,
inteitively, some guantitative information {a set of numbers, a
function, etc.y which is the least amount of data one has to know
about the past behavior of the system in order to predict its future
behavior. The dynamics is then described in ferms of stare
fransitions, 1.e., one must specify how one state is transformed
into another as time passes.

A {inear dynamic system may be described in general by the
vector differential cauation

dxidt = F(fx + D{Hu(r)

and

{12}
y(#) = M{Hx()

where X is an n-vector, the siate of the system (the components x,
of x are called state variables);, u(f) is an m-vector (m < »)
representing the inpufs to the system; F() and D(y) are n = n,
respectively, n x m matrices. 1f all coefficients of F(7). D(#), M(?)
are constants, we say that the dynamic system (12) is tme-
invariant or stationary. Finally, y(f} is & p-vector denoting the
outputs of the system; M{f}isan v x pmatrix; p < n

The physical interpretation of {}2) has been discussed in detai
elsewhere [18, 20, 23]. A look at the block diagram in Fig. 1 may
be helpful. This is not an ordinary but a matrix block diagram (as
revealed by the fat lines indicating signal flow). The integrator in

Fig 1. Matrix block diagram of the general linear continuous-dynamic
system

5 The probabitity distributions will be gaussian because macroscopic
random effects may be thought of as the superposition of very many
microscopic random effects; under very general conditions, such ag-
gregate effects tend to be gaussian, regardless of the statistical properties
of the microscopic effects. The assumption of independence in this context
is metivated by the fact that microscopic phenomens tend to take place
much more rapidly than macrescopic pheaomena; thus primary random
sources would appear to be independent on a macroscopic time scale.

Fig. 1 actually stands for » integrators such that the output of
each is a state variable; F(r} indicates how the outputs of the
integrators are fed back to the inputs of the integrators, Thus ()
is the coefficient with which the output of the jth integrator is fed
back fo the input of the ith integrator, It is not hard to relate this
formatism 1o more conventional mefthods of linear system
analysis.
1If we assume that the system {12) is stationary and that ufr) is
comnstant during each sampling period, that is
i+ =), 0<r<l, =01, .. (13)
then (12) can be readily transformed into the more convenient
discrete form.
X(t+ D) =@(x{n+ Ay, =01, ...
where [18, 20
®(1)=expF=3 Fi/il (F*=unit matrix)

F=kF
and

am=( ] expFrar)D

Fig 2. Matrix block diagram of the general linear discrete-dynamic
system

See Fig. 2. One could also express exp Frin closed form using
Laplace transform methods [18, 20, 22, 24] If u{¢} satisfies (13}
but the system (12} is nonstationary, we can write analogously

X1+ 1) =@(+ 1+ AlHu()
t=0,1, ... HL)

v(0) = MNx()

but of course now (¢ + 1; {), A(¥) cannot be expressed in gen-
eral in closed form. Equations of type (14} are encountered fre-
quently also in the study of complicated sampled-data systems
£22]. See Fig. 2

(s + 1; 1) is the transition mairix of the systern (12} or (14).
The notation B(r,; £) {4, 1, = integers) indicates transition from
time ¢, to time £,. Evidently @(z; £) = | = unit matrix. If the system
{12) is stationary then @( + 1; ) = @ + 1 — /) = ®(1) = const.
Note atso the product rule: @(7; s)®{s; ) = B(r; r) and the inverse
rule @'z 53 = @(s; 1), where 1, s, » are integers. In a stationary
system, @{¢; 1) =exp (1~ 7).

As a result of the preceding discussion, we shall represent ran-

dom phenomena by the model
X(r+ 13y= @+ | Ox(H+ull) (15)

where {u{f)} is a vector-valued, independent, gaussian random
process, with zero mean, whick is completely described by (in
view of Theorem 5 (C))

Eu(y=0 foraily
Fu(hu'(sy=0 ift#s
Fu(Hu'(ny =G,

Of course {Theorem 5 (4)), x(¢} is then also a gaussian random
process with zero mean, but it is no longer independent. In fact, if
we consider {135) in the steady state (assuming it is a stable sys-
tern), in other words, if we neglect the initial state %(¢,), then
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x{f}= i @ r+ i),

Fa—

‘Therefore if 1 2 5 we have

=1
Ex(Ox'(s)=Y @t r+ Q) @'(s; 1+ 1),
Thus if we assume a lincar dynamic model and know the
statistical properties of the gaussian random excitation, it is easy
to find the corresponding statistical properties of the gaussian
random process {X(7)}.

In real life, however, the situation is usually reversed. One is
given the covariance matrix Ex{/)x'(s) (or rather, one attempts to
estimate the matrix from limited statistical data) and the problem
is to get {15) and the siatistical properties of u{r). This is a subtle
and presently largely unsolved probiem in experimentation and
data reduction. As in the vast majority of the engineering
literature on the Wiener problem, we shall find it convenient to
start with the model (15} and regard the problem of obtaining the
model itself as a separate question. To be sure, the two problems
should be optimized jointly if possible; the author is not aware,
however, of any study of the joint optimization problem.

In summary, the following assumptions are made about random
processes:

Physical random pheromena may be thought of & due to
primary randem sources exciting dynamic systemns. The primary
sources are assumed o be independent gaussian random
processes with zero mean; the dynamic systems will be linear. The
random processes are therefore described by models such as (15).
The question of how the numbers specifving the model are
obtained from experimental data will not be considered.

Solution of the Wiener problem
Let us now define the principal problem of the paper.
Problem L. Consider the dynamic model

X+ D=0+ Ox{) + u() (16}
y{(1y=M(x(1) (n

where W) is an independent gaussian random process of n-
vectors with zero mean, X(1) is an n-vector, Y{I} is a p-vector (p <
)Y, @ + 1; 0, M(0) are n x n, resp. p % n, matrices whose
elements are nonrandom functions of fime.

Given the observed values of Y(i,), ..., Y{¢} find an estimate
X*(1 16y af %(t,) which minimizes the expected loss. (See Fig, 2,
where A{f} = 1)

This problem inciudes as a special case the probiems of filter-
ing, prediction, and data smoothing mentioned ecarlier. It in-
cludes also the problem of reconstructing all the state variabies of
a linear dynamic system from noisy observations of some of the
state variables (p < nf).

From Theorem 2-a we know that the solution of Problem I is
simply the orthogonal projection of x{f,} on the linear manifold
Y(#) generated by the observed random variables, As remarked in
the Introduction, this is to be accomplished by means of a linear
{not necessarily stationary!) dynamic system of the general form
(14). With this in mind, we proceed as follows.

Assume that y(tg), ., y{r ~ 1) have been measured, i.e., that Y(r
~ 1) is known. Next, at time 1, the random variable y(r} is
measured. As before et ¥ (4t — 1) be the component of y(1)
orthogonal to Y(r — 1). Ify (fir ~ 1}=0, which means that the
vatues of all components of this random vector are zero for almost
every possible event, then Y () is obviously the same as Y{1 ~ 1)
and therefore the measurement of y{£} does not convey any addi-
tional information. This is not likely to happen in a physically
meaningful situation, In any case, y{ff — 1) generates a linear

manifold {possibly 0) which we denote by Z(1). By definition,
Y(s - 1) and Z(r) taken together are the same manifold as Y{1),
and every vector in Z(¢) is orthogonal to every vector in Yz 1).
Assuming by induction that x*{r, — 1|z — 1} is known, we can
WrHe! . . N
XMl =E X )YO] = E @)Y DI+ E )iz
= @+ Ly X~ 1= 1)+ E [u(y ~ DY@~ 1))
+E X)) (18)

where the last line is obtained using {16).

Let ¢, = ¢ + 5, where 5 is any integer. If 5 2 0, then u(y ~ 1) is
independent of Y{r~ 1). This is because u(f, - ) =u{f + 5~ 1) is
then independent of ufr ~ 2), u{s — 3), ... and therefore by (16—
17y, independent of Y(1,), ..., Y(f — 1), hence independent of Y(r -
1}. Since, for ali 7, u(r,) has zero mean by assumption, it feliows
that w(, — 1) (s = 0) is orthogonal to Y{# — 1). Thus if s 2 0, the
second ferm on the right-hand side of (18) vanishes; if 5 < 0,
considerable complications result in evaluating this term. We
shall consider only the case 4 = & Furthermore, it will suffice lo
consider in detail only the case 4 = ¢ + 1 since the other cases can
be easily reduced to this one.

The last term in (18) must be a linear operation on the random
variable ¥ (¢ 11— 1)

Ex(e+ DIZO1=A*(0Y (e = 1) {19}
where A*(f} is an » * p malrix, and the star refers to “optimal
filtering™.

The component of y(&) lying in Y — 1) syt — 1) =
M(x* (¢t — 1. Hence

¥ G- D=y -y (- 1) =y - MOx* @i - b, 20
Combining (18-20) {see Fig. 3} we obtain
XE(+ 1y = @* (e + 1, OX*(li - 1) + A (Oy (D) {21)
where
@+ 1 ) =D(+ 1; 1)~ AN (22

Thus optimal estimation is performed by a linear dynamic
system of the same form as (14). The state of the estimator is the
previeus estimate, the input is the last measured value of the
observable random variable y(¢) , the transition matrix is given by
(22). Notice that physical realization of the optimal filter reguires
only {¥) the model of the random process (i} the operator A*(¢),

The estimation error is alse governed by a linear dynamic
system. In fact,

X+ ) = X(£+ D~ x*{t + 1)

= @4+ 1 X+ u(ty - @+ b O 1)
— A*(HM(OX()

Fig. 3 Matrix block diagram of optimal filter
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=@+ 10X (- 1)+ u() (23}

Thus ®* is also the transition matrix of the linear dynamic system
governing the etror.

From (23) we obtain at ence a recursion relation for the co-
variance matrix P*(s) of the optimal error X (4f — ). Noting that
u(y) is independent of X(1) and therefore of X (i — 1) we get
P+ 1) =EX(+ 10Xt + 1D

=@+ LOEX (DX — D®* ¢+ 1 o+ QO

=@+ L NEX (- DX~ DPE+ 1,0+ Q)

@0+ 1L OP*(@( + 1 5+ Q) (24}
where Q) = Eu{nHu'{s.

There remairs the problem of obtaining an explicit formula for
A* (and thus also for ®*). Since,

X (e + DIZE) = x(t+ 1= £ [x(+ D Z{0)]
is orthogonal to ¥ (¢ |t — 1), it follows that by (19) that
0= Elx(t+ 1) -AYO Y (- DIy (- 1)
=Ex(e+ DYt - D—A*OE ¥ (dt— Dy e~ 1)
Noting that X (1 + 1|t — I} is orthogonal to Z(r), the definition of
P{1) given earlier, and {17), it follows further
0= EX{t+ 1t~ 1) ¥ "t ~ 1}~ AP OM'(D
= E[®{+ ;0 X (- 1) + utle — DIX (et — HN'(D)
~ A*(OM{OP*(OM'(1).
Finally, since u(f) is independent of x{z),
0 =@+ 1; HP* (O — A*OM{OP*(HN(1).
Now the matrix M(OP*(O)M'(0wil! be positive definite and hence
invertible whenever P*(#) is positive definite, provided that none
of the rows of M() are lincarly dependent at any time, in other
words, that none of the observed scalar random variables (7}, ...,

v.{f), is & lincar combination of the others. Under these
circumstances we get finally:

A =@+ LOPHOMOIMOP* MO (25

Since observations start at 1, X (1), - 1) = x{i,}; to begin the
iterative evaluation of P*(f) by means of equation (24}, we must
obviously specify P*(s)) = EX(¢)X'(t,). Assuming this matrix is
positive definite, equation (25) then yields A*(¢); equation (22)
*(y + 1; 7.}, and equation (24} P¥{r, + 1), compieting the cycle.
If now Q(1) is positive definite, then ail the P*(#) will be positive
definite and the requirements in deriving (25} will be satisfied at
each step.

Now we remove the restriction that 1, = ¢ + 1. Since uf)) is
orthogonal to Y{r), we have

X+ O =FE @ + 15 %) + u{){Y ()] = @+ 1 0x*{1l1)

Hence if ©(r + 1; 7} has an inverse ®(s; ¢ + 1) (which is always the
case when @ is the transition matrix of a dynamic system
describable by a differential equation) we have

Xy =+ (e + 1)
s, 2 ¢+ 1, we first observe by repeated application of (16 that
x(t+5)=@{r+ 51+ I+ B

+§ @(f+ 53 ¢+ DU+ FY s= 1)
rl

Since u(t+ s 1), ..., U{# + 1) ave ail orthogonal to Y (¥,

x*(¢ + sty = E [x(+ s)Y (0

= E @+ st + Dx¢+ DY
=@ +st+ D0+ n sz h)

If ¢ < 0, the results are similar, but x*(¢ — s|) will have (1 —
$)(n - p} co-ordinates,

The results of this scction may be summarized as follows:
Theorem 3. (Solution of the Wiener Problem)

Consider Prablem 1. The optimal estimate X*(t + 11t} of X +
) given Y(ty), ..., Y1) is generated by the linear dynamic system

X4t + 1)y = O*(1 + L Ox* (it - by + A0y () 21
The esiimaiion error is given by
X+ =@+ 1 aX -1+ u (23)
The covariance matrix of the estimation error is
cov X (i~ D= EX({fr~ DX~ 1) =P*# (26)
The expected quadratic loss is
ifxz(m—l} = trace P*(¢) @n

i=t
The matrices A*(f), ®*(t + 1, 1), P*(?) are generated by the
recursion relations

A*(ry= ®ir + 1; DPHOM(HM(OP (M (1] (28)
O+ 158 = D+ 10 - AHOMO) ey (29}
At
P+ D) = @*(+ L; oP*(0®'(r+ 1 1)
+ Q) (30}

In order o carey out the iterations, one musi specify the
covariance P*(1,) of X{1,) and the covariance Q1) of u(f).
Finally, for any s 20, F @ is invertible

X¥(¢ A+ sy = @+ s L DX+ 1D
=@+t DA+ L odn e+ s-1)
*X*¥+s—1p—-1)
+ @+ 5 6+ DAF(Oy(0) 3L

so that the estimate X*(t + sit) (s = 0) is also given by a linear dy-
namic system of the pipe (21),

Remarks. (/1) Eliminating A* and @* from (28-30), a nonlinear
difference equation is obtained for P*(1):

P¥(r+1) = @+ 1; H{P*(1) ~ P*OM(OIMOP (M ()] !

* PHOM® + 1 0+ Q) L= (324)

This equation is linear only if M{#) is invertible but then the
problem is trivial since all components of the random vector X(1)
are observable P*{/ + 1) = Q{/). Observe that equation (32) plays
a role in the present theory analogous to that of the Wiener-Hopf
equation in the conventional theory,

Once P*(#) has been computed via (32) starting at ¢ = 1, the
explicit specification of the optimal linear filter is immediately
available from formulas (29-30). Of course, the solution of
Liquation (32), or of its differential-equation equivalent, is a much
simpler task than solution of the Wiener-Hopf equation.

() The results stated in Theorem: 3 do not reselve completely
Problem 1. Little has been said, for instance, about the physical
significance of the assumptions needed to obtain equation (23},
the convergence and stability of the nonlinear difference equa-
tion (32), the stability of the optimal filter (21), etc. This can
actually be done in a completely satisfactory way, but must be
left to a future paper. In this connection, the principal guide and
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tool turns out to be the duality theorem mentioned briefly in the
next section. See [29].

(/) By letting the sampling period (equal o0 one so far) ap-
proach zero, the method can be used to obtain the specification of
a differential equation for the optimal filter. To do this, ie., to
pass from equation (14} to equation (12), requires computing the
logarithm F* of the matrix ®*, But this can be done only if @* is
nonsingular—which is easily seen nof o be the case. This is
because it is sufficient for the optimal filter to have n - p state
variables, rather than », as the formalism of equation (22) would
seemm to imply. By appropriate modifications, therefore, equation
(22) can be reduced o an equivalent set of only # — p equations
whose transition matrix is nonsingular. Details of this type will be
covered in later publications.

(&) The dynamic system (21) is, in general, nonstationary, This
is due to two things: (1) The time dependence of @{¢ + 1; £) and
M(); (2) the fact that the estimation starts af £ = £, and improves as
more data are accumulated. 1{®, M are constants, it can be shown
that (21} becomes a stationary dynamic system in the limit £ —» oo,
This is the case treated by the classical Wiener theory.

(O It is noteworthy that the derivations given are not affected
by the nonstationarity of the model for x(¢) or the finiteness of
available data. In fact, as far as the author is aware, the only
explicit recursion refations given before for the growing-memory
filter are due to Blum [12]. However, his results are much more
complicated than ours.

{m) By imspection of Fig. 3 we sce that the optimal filter is a
feedback system, and thal the signal after the first summer is
white noise since ¥ {ff — 1) is obviously an orthogonal random
process. This corresponds io some well-known results in Wiener
fitering, see, ¢.g., Smith [28], Chapter 6, Fig. 6—4. However, this
is apparently the first rigorous proof that every Wiener filter is
realizable by means of a feedback system. Moreover, it will be
shown in another paper that such a filter is always siable, under
very mild assumptions on the model (16-17). See [29].

The Dual Problem

el us now consider another problem which is conceptually
very different from optimal estimation, namely, the noise-free
regulator problem. In the simplest cases, this is:

Problem Il. Consider the dynamic system

X(t+ 1)= é)(w I nx{n+ M {(Hus) (3%

where X(1) is an n-vector, W(¢) is an m-vecior (m < n), ®, M are
R % A resp. n X m matrices whose elements are nowrandom func-
tions of time. Given any state X(r) ar time I, we are to find a
sequence W1, ..., W) af control vectors which minimizes the
performance index

T+

x(n] = 3. X(0Qx()

1=
Where Q{t) is a positive definite matrix whose elements are
nonrandom functions of time. Sce Fig. 2, where A= M and M=1L

Probabilistic considerations play no part in Problem II; it is
imphicitly assumed that every state variable can be measured
exactly at each instant £, ¢ + 1, ..., T It is customary to call T2 ¢
the ferminal time (it may be infinity).

The first general sofution of the noise-free regulator problem is
due to the author [18]. The main result is that the optimal control
vectors U*{/)} are nonstationary linear functions of x(r). After a
change in notation, the formulas of the Appendix, Reference {18}
(see also Reference [23]) are as follows:

() = — A O (34)

Under optimal controi as given by (34), the “closed-loop™ equa-
tions for the system are (see Fig. 4)

X(t+1)= @ ¢+ E %)
and the minirnum performance index at time ¢ is given by
Pxn) = X{OP* (1~ Dx(1)
The matrices A *1), @ e+ 1; 8 P ¥y are determined by
the recursien relations;

A= lM G P*{f)M(f)} M PO+ 11 (35
d’*(zﬂ;r)z(D(:H;:}wM(t)A*(r) (T (36)
P*i-1) = @'+ EnP*0@*¢+ 1,0

+ G {t) (37

Initially we must set P T =Q(7+ 1}.
L PHYSICAL SYSTEM_ YO _BE CONIROULED
%+ 1)

s \
{ it
y deiay

Fig. 4 Matrix block diagram of optimal controller

Comparing equations (35-37) with (28-30) and Fig. 3 with
Fig. 4 we notice some interesting things which are expressed
precisely by

Theorem 4. (Duality Theorem) Problem [ and Problem Il are
duals of each other in the following sense:

Let v 0. Replace every matrix X{t) = X, + 1} in (28-30) &y
X 0= X (T~ 1). Then One has (35-37), Conversely, replace
every mairix X (7~ 1) in (35-37) by X1, + 1), Then one has
{28-30).

Proof. Carry out the substitutions. For case of reference, the
dualities between the two problems are given in detail in Table 1,

Table 1
Problem | Problem i
1 X{y (unobservable) state (b? ({}bser\ a%)lc} state varia-
var;dbles of random proc- of plant to be
regﬁiatcd

2 yu observeé random varia-  U(7) controf variables

3 . f rst observation. T'1ast control action.
4 O Tl toiransiion @7+ 1;T-1) transi-
matrix. , tion matrix.
5 P + 1) covariance of P #(T--1) matrix of guad-
optimized estimation error. ratic form for performance
index under optimal Tegu-
. lation.
ML AT e o
on for optimal esti- ;
ealion. ) state for aptimal control.
7 @tk Ll T ansi- @71+ | T 1) transi-
tion matrix for optimal es- tion matrix under optimal
timation error. _regulation,
8 M, + 1) effect of state on M (r—1) effect of control

observatior.

. vectors on state.

Q(T-1) matrix of
quadratic form defining
error criterion.

Q(¢, + ) covariance of ran-
om excitation.

Remarks. (1} The mathematical significance of the duality be-
tween Problem T and Problem I is that both problems reduce to
the solution of the Wiener-Hopf-iike equation (32).

{0) The physical significance of the duatity is intrigning. Why
are observations and control dual quantities?
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Recent research [29] has shown that the essence of the Duality
Theorem lies in the duality of constraints at the output (repre-
sented by the matrix M({#) in Problem 1) and constraints at the
input (represented by the matrix M (£} in Problem IT).

(p) Applications of Wiener's methods to the solution of noise-
free reguiator problem have been known for a fong time; see the
recent textbook of Newlon, Gould, and Kaiser [27]. However, the
connections between the two problems, and in particular the
duality, have apparently never been stated precisely before.

{g) The duality theorem offers a powerful tool for developing
more deeply the theory {as opposed to the computation) of Wiener
filters, as mentioned in Remark (). This will be published
elsewhere [29].

Applications

The power of the new approach to the Wicener problem, as ex-
pressed by Theorem 3, is most obvious when the data of the
problem are given in numerical form. In that case, one simply
performs the numerical computations required by (28-30). Re-
suits of such calculations, in some cases of practical engineering
interest, will be published elsewhere.

When the answers are desired in closed analytic form, the itera-
tions (28-30) may lead to very unwieldy expressions. In a few
cases, A* and @* can be put into “closed form.” Without dis-
cussing here how (if at all) such closed forms can be obtained, we
now give two examples indicative of the type of results to be ex-
pected.

Example 1. Consider the problem mentioned under “Optimal
Estimates.” Let x, (¢} be the signal and x.,{f) the noise. We assume
the model:

xt+ By g+ 1 By () + a0
X+ 1) = wy(t)
) =x,(0) + x0)

The specific data for which we desire a solutien of the estimation
problem are as folows:

1 =t Lg=0

2 ExX0)=0,ie,x(0)=0

3 Euld = ab Bty = 0 Euy (1) uy{f) =0 (for ali o)

4 ¢, (r+1; = ¢, =const,

A simple calculation shows that the following mairices satisfy
the difference equations (28-30), forall 1 = 1

AR = P’l 13(1)]

-
@+ 1;0) ={¢“U ;C([)} g}

2 252
B 0
p*t.;_lﬁa"“%éu
( ){ 0 b
2
C(Ml)ﬁ]mw————b———mm (20

where
a+ b+ B

(38)

Since it was assumed that x,(0) = 0, neither x,(1) nor x,(1) can
be predicted from the measurement of y,(0). Hence the meas-
urement at tme / = 0 is useless, which shows that we should set
C(0y = 0. This fact, with the iterations (38}, completely deter-
mines the function €(7). The nonlinear difference equation {38)
plays the role of the Wiener-Hopf equation.

If B¥a? <<I, then C{fy = 1 which is essentially pure prediction.
if #¥a® >>1, then C(f) = 0, and we depend mainly on x*(flf — 1}
for the estimation of x,*(z +1}f) and assign enly very small weight

to the measurement y,(¢) ; this is what one would expect when the
measured data are very noisy.

In any case, x.*(ff - 1} = 0 at all times; one cannot predict
independent noise! This means that ¢*,, can be set equal o zero.
The optimal predictor is a first-order dynamic system. See
Remark (/).

To find the stationary Wiener filter, let 7 = o on both sides of
{38), solve the resulting quadratic equation in C{=), etc.

gxample 2. A number or pariicles leave the origin at time 4, = {
with random velocities; after ¢ = 0, each particle moves with a
constant (unknown) velocity. Suppose that the position of one of
these particles is measured, the data being conlaminated by
stationary, additive, correlated noise. What is the optimal estimate
of the position and velocity of the particle ai the time of the last
measurement?

Let x,{#) be the position and x,{/) the velocity of the particie;
x,{0} is the noise. The problem is then represented by the model,

Hle+ By =xdt)+x,00)
X+ 1) = xyli)
xt+ B) = gyl + 11 gy + ()
nO=x0+ 300
and the additional conditions

I n=514=0

2 ExH0)= Ex{0) =0, Ex, (0)=a* >

3 Eu() =0, Euy{ry = b

4 gha{i+ 15 8) = ¢hy = const.

According to Theorem 3, x*(f) is caleulated using the
dynamic system (31}.

First we solve the problem of predicting the position and ve-
locity of the particle one step ahead. Simple considerations show
that

~

at b 0 0
Py =1g" &8 0 md A*0) = |0
§
[0 0 L 1
It is then easy to check by substitution into equations (28-30) that
2
P =
@ C;([ - 1)
e ! ~ gis3i( 1)

“ ! 1 =11}
L"Gﬁﬁ[(f -0 (e @332(1 - 1}2 +Cy - n_!
is the correct expression for the covariance matrix of the predic-
tion error X (¢~ 1) Tor all ¢ = t, provided that we define
Cy(0y = bHa?
CUn=Clt—~ N+ fi—g t-DP 21
It is interesting to note that the results just obtained are valid
also when @, depends on £ This is true also in Example 1. In
conventional treatments of such problems there seems to be an
essensial difference between the cases of stationary and nonsta-
tiopary noise. This misleading impression created by the con-
ventional theory is due to the very special methods used in
solving the Wiener-Hopf equation.
Iniroducing the abbreviation
CA0) =0
Oy =t—g,(t— 1) 121
and observing that
cov X(1+ 1) =P*z+ 1)
= @1+ 1; Hfcov X (AN + 15 0+ QD)
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the matrices occurring in equation (31) and the covariance matrix
of X (/) are found after simple calcuiations, We have, forall 12
0, :

5 {1)

(1)
Ci{y~ 0y (1)

W 1+ AN = Fl{ﬁ
-1

D1+ DO+ Lo+ B

Cn~10 () CU=1C, (1) =yt Cole)|
:E;“E;")" - Cy{0) Cn-Calny =g
TN LU0 ~CHO IO + st Cy (1)
and
LI RS
X tit}=ff§(rit}i'(£1t}1méim TR B,
cov X ( [ Xt S

To gain some issight into the behavior of this system, let us

examine the limiting case ¢ —» =0 of a large number of observa-

tions. Then {1} obeys approximately the differential equation
dC (it = CH1) (== 1)

from which we find
C)) = (1= g3+ gyl — o) + oy + BYa?

>>1) (39
Using (39), we get further,
11 0 o
PP 0 | 0| and @A~ |0 (=1

-1 -1 9 il

Thus as the number of observations becomes large. we depend
almost exclusively on x,*{ff) and x,*(#f) to estimate x,*(r + 1f¢ +
1y and x,*{ + 1j¢ + 1). Current observations are used almost
exclusively to estimate the noise

N UL RS I U R T U B s )
One would of course expect something like this since the prob-

lem is analogous to fitting a straight line to an increasing number
of points.

As a second check on the reasonableness of the results given,
observe thal the case 1 >> 1 Is essentially the same as prediction
based on continuous observations. Setting ¢y; =0, we have

albie?
Badtt i3
which is identical with the result obtained by Shinbrot [}H],
Example 1, and Solodovnikov [14], Exampie 2, in their treat-

ment of the Wiener probiem i the finite-length, continuous-data
case, using an approach entirely different from ours.

EZ iD= (1> 1; gy, = 0}

Conclusions

This paper formulates and solves the Wiener problem from the
“state” point of view. On the one hand, this leads to a very gea-
eral treatment including cases which cause difficulties when at-
tacked by other methods. On the other hand, the Wiener problem
is shown to be closely connected with other problems in the
theory of control. Much remains to be done to exploit these
connections.
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APPENDIX
RANDOM PROCESSES: BASIC CONCEPTS

For convenience of the reader, we review here some elementary
definitions and facts about prebability and random processes.
Fverything is presented with the utmost possible simplicity; for
greater depth and breadth, consult Laning and Battin [5] or Poob
[15].

A random variable is a function whose values depend on the
outcomte of a chance event. The values of & random variable may
be any convenient mathematical entities; real or complex
numbers, vectors, ete. For simplicity, we shall consider kere only
real-valued random variables, but this is no real restriction.
Random variables will be denoted by x, y, ... and their values by &,
1, .... Sums, products, and functions of random variables are also
random variables.

A random variabie x can be explicitly defined by stating the
probabifity that x is less than or equat to some real constant &
This is expressed symbolicaily by writing

Prix 28} = F 8} Fl-w) =0, F{tw) =1

F(2) is called the probability distribution function of the random
variable x,. When F{E) is differentiable with respect 1o £, then
SAEY = dF (EY/dE is called the probability density function of x.

The expected value (mathematical expectation, statistical
average, ensemble average, mean, ¢tc, are commonly used
synonyms) of any nonrandom function g(x) of a random variable x
is defined by

Eg()= Elgl= |~ e)dr@)= " g@)f@de  (40)
As indicated, it is often convenient to omit the brackets after the
symboi . A sequence of random variables (finite or infinite)
(0} = a(-1), x(0), x(1), .. (41)
is cailed a discrete (or discrete-paramerer) random {or stochastic)
process. One particular set of observed values of the random
process (41}

ca EE1LEO) ECD, -

is called a realization (or a sample function) of the process. In-
tuitively, a random process is simply a set of random variables
which are indexed in such a way as to bring the notion of time
into the piciure.

A random process is uncorrelated if

Ex{(tp(s) = Ex(Ex(s)

If, {furthermore,

(t#5)

Ex(x(s) =0

then the random process is orthogonal. Any uncorrelated random
process can be changed into orthogonal random process by re-
placing x(1) by x'(£) = x({) — Ex{f} since then

Ex (0 (s) = |6} - Ex{(e)b{x(s) — £x(s)]
= Ex(Ox(s} ~ Ex(H)Fx{s) =0

It is useful to remember that, if a random process is orthogonal,
then
Efry+x(t) + . P=ER) T EX () + . (7 h* )

If x is a vector-valued random variable with components x,, ..., X,
{which are of course random variables), the matrix

[B(x, - Ex)(x,~ Ex)} = E(x—EX)(x' —EX')

= gov X

(1 5}

¢4

is called the covariance matrix of x.

A random process may be specified explicitly by stating the
probability of simultancous oceurrence of any finite number of
events of the type
x(tl) = él: R .‘{(t,,) £ E::-)!; ('(l o F !n}s l@,

PriCe(n) s & XY S EN = FuyaoalSes o &) (43)
where Fy, o 18 called the joinr probability distribution
Junction of the random variables x(t;), ..., x(4,). The joint
probability density function is then

.f:v(u)‘ ...,r(l.,)(&b 'in) = a"Fz':(n),‘ N x(z,.)’faz;ﬂs (RRE) aEm
provided the required derivatives exist. The expecied value
Eglx(z)), ..., x{,)] of any nonrandom function of » random varia-
bles is defined by an n-fold integral analogous to {40).

A random process is independent if for any finite ¢, # ... = £,
{43) is equal to the product of the first-order distributions

Prix{ny=£] ... Prix(t) £ 8]
If a set of random variables is independent, then they are obvi-
ously also uncorrelated. The converse is not true in general. Fora
set of more than 2 random variables to be independent, it is not
sufficient that any pair of random variables be independent.
Frequently it is of interest to consider the probability distribu-
tion of a random variable x(¢, . } of a random process given the
actual values £(1)), ..., £(¢,) with which the random variables
x{te), oo x(1,) have oceurred. This s denoted by

Pri;f(!n'r l) = in-‘- Ib((tl) = fala ceee x([n) = Eml

Ean .
j-_w fx(z,},,, ‘x{ln,:,)(c:l ="'=§ml )din*—}
./.‘r(!j), ,,x(im)(iE-‘"'!én)

which is called the conditional probability disiribution function
of x(2, . ) given x(,}, ..., x(1,}). The conditional expeciation

Edglx(t, . Ol - 22,0}
is defined analogousty to (40). The conditienal expectation is a
random varizble; it follows that
ELE{ghx (e, DIxit), - ¥(8)H] = Edglddr.. OB

In all cases of interest in this paper, integrals of the type (40} or
{44) need never be evaluated explicitly, enly the conceps of the
expected value is needed.

(44)

A random variable x is gaussian (or normally distributed) if

S S I W S
SLE) [2rE(e .ﬁ.E_r)Z]Uz exp { 2 E{x—Ex)l

which is the well-known beli-shaped curve. Similarly, a random
veetor X is gaussian if

SB) = e p {
(2R Hder C)12

where CF is the inverse of the covariance matrix (42) of X. A
gaussian random process is defined simiiarly.

L emmcie-Ex |
2 ]

The importance of gaussian random variables and processes is
largely due to the following facts:

Theorem 5. {4) Linear functions (and therefore conditional ex-
pectations} on a gaussian random process are gaussian random
variables.

(B) Orthogonal gaussian random variables are independent.

(C) Given any random process with means Ex{f) and
covariances Ex(t)x(s), there exists a unique gaussian random
process with the same means and covariances.
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Explanation of this trangcription, John Lukesh, 20 January 2002,

Using a phote copy of R. E. Kalman’s 1960 paper from an
original of the ASME “Journal of Basic Engincering”, March
1960 issue, | did my best to make an accurate version of this
rather significant piece, in an up-to-date computer file format. For
this T was able to choose page formatting and type font spacings
that resulted in a document that is a close match to the original,
(AH pages start and stop at about the same point, for example;
even most individual tines of text do.) 1 used a recent version of
Word for Windows and a recent Hewlett Packard scanner with
OCR (optical character recognition) software. The OCR software
is very good on plain text, even distinguishing between italic
versus regular characters quile reliably, but it does not do well
with subscripts, superscripts, and special fonts, which were quite
prevalent in the original paper. And 1 found there was no point in
trying to work from the OCR results for equations. A lot of
manual tabor was involved.

Since 1 wanted to make a faithful reproduction of the original, [
did not make any changes to correct {what 1 believed were}
mistakes in it. For example, equation {32) has a P*{()M{s)
product that should be reversed, I think. 1 left this, and some
other things that 1 thought were mistakes in the original, as is. (1
didn’t find very many other problems with the original.) There
may, of course, be problems with my transcription. The plain text
OCR results, which didn't require much editing, are pretty
accurate 1 think. But the subscripts etc and the equations which 1
copied essentiaily manuaily, are suspect. I've reviewed the
resulting document quite carefuily, several times finding mistakes
in what [ did each time. The last time there were five, four
cosmetic and one fairly inconsequential, There are probabiy
more. | would be very pleased to know about it if any reader of
this finds some of them; jlukeshi@deltanet.com.
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