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Address : COMMISSIONER FOR PATENTS
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APPLICATION NO./ FILING DATE FIRST NAMED INVENTOR / ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION
14/686,161 16 June, 2015 PAYTON, ROBERT M 300099
EXAMINER

1176 HOWELL STREET,

NUWCDIVNPT / ADELOS

Code 00L

Stephen J. Ralis

Bldg. 102T

NEWPORT, Rl 02841 ART UNIT PAPER
3992 20170608
DATE MAILED:

Please find below and/or attached an Office communication concerning this application or

proceeding.

Commissioner for Patents

See attached.

/Stephen J. Ralis/

Primary Examiner, Art Unit 3992

PTO-90C (Rev.04-03)
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UINITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

WWW.uspto. gov

NUWCDIVNPT / ADELOS
1176 HOWELL STREET, CODE 00L BLDG. 102T
NEWPORT, RI 02841

In re Application of:
PAYTON, Robert Michael :
Appl. No.: 14/686,161 : SUSPENSION OF

Docket No.: 300099 : EXAMINATION UNDER
Filed: June 16, 2015 : 37 CFR § 1.103(e)

For: NATURAL SPAN REFLECTOMETRY WITH HELICAL FIBER

A litigation search performed by the Office on 14 October 2016 found concurrent
litigation involving U.S. Patent No. 7,030,971 (“*971 Patent™), the subject of the above-
referenced reissue proceeding. (See attached October 2016 Litigation Search). A response filed
13 April 2017 by Applicant (“April 2017 Response”) to a non-Final Office action mailed 18
October 2016 indicates that the ‘971 Patent is involved in concurrent litigation. (See April 2017
Response at 20).

MPEP 1442.02 provides, in relevant part:

To avoid duplicating effort, action in reissue applications in which there is an indication of
concurrent litigation will be suspended sua sponte unless and until it is evident to the
examiner, or the applicant indicates, that any one of the following applies:

(A) a stay of the litigation is in effect;

(B) the litigation has been terminated;

(C) there are no significant overlapping issues between the application and the litigation; or

(D) it is applicant’s desire that the application be examined at that time.
Where none of (A) through (D) above apply, action in the reissue application in which there is
an indication of concurrent litigation will be suspended by the examiner.

In view of the concurrent litigation and pursuant to MPEP 1442.02, prosecution in the

above-referenced reissue proceeding is SUSPENDED FOR A PERIOD OF SIX (6) MONTHS

from the date of this letter. Upon expiration of the period of suspension, applicant should make
an inquiry as to the status of the application. Any inquiry concerning this decision should be

directed to Timothy Speer whose telephone number is (571) 272-8385.

/Timothy Speer/
SPRS, Art Unit 3992

Central Reexamination Unit
HALLIBURTON, Exh. 1014, p. 0003
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STIC Database Tracking Number: 526365

To: STEPHEN RALIS From: DIANE JACKSON
Location: RND-8D31 Location: EIC2800

Art Unit: N/A JEF-4B68

Friday, October 14, 2016 Phone: (571)272-3260
Case Serial Number: 146861384 diane.jackson@uspto.gov

Search Notes

Hi,
RE: Serial Number 14686194 and US Patent 7030971

Attached are litigation search results in Lexis Nexis, Courtlink and
ProQuest.

If you have any questions, please feel free to contact me.

Thanks,

Diane

HALLIBURTON, Exh. 1014, p. 0004




Application Number Information

Application Number: ATA (First Inventor to .

14/686194 Assignments File): NO TYPE ENT:U

Filing or 371(c) Date: Examiner Number:

06/16/2015 eDan 81637 / RALIS, VW Madras
S STEPHEN

Effective Date: 04/14/2015 Group Art Unit: 3992

Application Received: Class/Subclass:

04/14/2015 356/035.500

Patent Number: Interference Number:

Issue Date: 00/00/0000 noynaiched Pertion:

Date of Abandonment: L&R Code: Secrecy

00/00/0000 Code:1

Attorney Docket Number: Third Level Review: Secrecy

300096 NO Order: NO

Status: 30 /DOCKETED NEW CASE - READY FOR Status Date:

EXAMINATION 06/25/2015

Confirmation Number: 6113  Oral Hearing: NO ;cgt Case:

Title of Invention: NATURAL SPAN REFLECTOMETRY FOR

OIL LINE MONITORING

Continuity/Reexam Information for 14/686194

Parent Data

14686194, filed 06/16/2015 is a continuation of 14190478, filed
02/26/2014

14190478 is a reissue of 11056630, filed 02/07/2005 ,now U.S. Patent
#7030971

11056630 Claims Priority from Provisional Application 63399437,
filed 08/06/2004
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LexisNexis CourtLink - Patent Search - Result List

i Lexis Advance !

g g o d e Ve i N Switch Clignt My Briefcasa - Order Runner Docums
Lexis se Conrthanks

Single Search - with Terms and Conneciors

Enter keywords - Search multiple dockets ¢

documents |

infe

Courtling Search

N
Ry
Ny

Click a docket number below to view a docket.

Search > Patent Search > LRigation involving patent 7030371

Edit Search
This search was runon 10/ 14/ 2016

Results: 1 cases and their patents, totaling 1 items.

Printer Frig

U Update Docketts): 71 11 Emiail Docket(s) 71

Cour

Doseription Docket Nunber Date Retrieved

:Adelos, Inc. V. Halliburton Company Et Al PRECTATE i Es]

{tems 1 to f&f 1

Privacy © Customer Support - 1-888-311-1966
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LexisNexis CourtLink - Docket Search Results Page 1 of 3

{ Order Runner Tocuments | Lexis Advar

Singie Saarch ~ with Terms and Connectors

R
EEnrar ikaywords - Search muitiple dockets & documents { Search
{

Search Dockers & Docurments Track Alart Strategic Profiie

My Account Zourt [nfo

Wy Baarch > Patant Search » Patent Search 7O30GTL 18754/ 30L8 > Docket Wiew

Bockot Tovls

§ § Track Docket activity § Sexrch for Similar Set Alert: for Similar Dockets

' My Briefcasal
this Docketl

Nk can alert vou Start @ new sesrch bas . oalens you when there are
there is new activity in < thah mateh characheristics
o

Additional rescurces for case;

Ducket
US District Court Civil Docket
9:16¢cv119
Adalos, Inc. v, Halilburton Company et al
This case was retrieved from the court on Friday, October 14, 2016
i 09/12/2016
Judge Dana L. Christensen
Patent (830)
Patent Infringement
None
: None : Patent
: Federal Question
Litigants Atiorneys
Adelos, Inc. Gragory FLWesna
Plaintiff LEAD ATTORNEY; A'I'I'ORNEY TO BE NOTICED

LANE POWELL PC

1420 Fifth Avenue Suite 4200
Seattle , WA 98111

USA

206-223-7000

Fax: 206-223-7107

Email: Wesnerg@lanepowell.Com

Jeffrev W, Reis

LEAD ATTORNEY;PRO HAC VICE;ATTORNEY TO BE NOTICED
LANE POWELL PO

1420 Fifth Avenue Suite 4200

Seattle , WA 98111

USA

206-223-7000

Fax: 206-223-7107

Email:Reisj@lanepowell.Com

John G Herman

LEAD ATTORNEY;PRO HAC VICE;ATTORNEY TO BE NOTICED
POBRINS GELLER RUDMAN & DOWD LLF - ATLANTA

3424 Peachtree Road, Ne Suite 1650

Atlanta , GA 30326

USA

404-504-6555

Fax: 404-504-6501

Email:Jherman@rgrdlaw.Com

Perer M. Jones

LEAD ATTORNEY;PRO HAC VICE;ATTORNEY TO BE NOTICED
INS GELLEE BUDMAN & DOWD LLF - ATLANTA

3424 Peachtree Road, Ne Suite 1650

Atlanta , GA 30326

USA

404-504-6513

Fax: 404-504-6501

Email:Pjones@rgrdlaw.Com

Randy I Cox
LEAD ATTORNEY;ATTORNEY TO BE NOTICED
QONE KARLBERS, P.C.
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LexisNexis CourtLink - Docket Search Results Page 2 of 3

201 West Main Street, Suite 300
Po Box 9199

Missoula , MT 59807-9199

USA

406-543-6646

Fax: 549-6804
Email:Rcox@boonekarlberg.Com

Halliburton Company Bradbey 3 Lutk

Defendant LEAD A'I'I' RNEY;ATTORNEY TO BE NOTICED
GARLINGTON LOHN & ROBINGGN,
350 Ryman Street
Po Box 7909
Missoula , MT 59807-7909
USA
406-523-2500
Fax: 406-523-2595
Email:Bjluck@garlington.Com

Eroma L Mediak

LEAD ATTORNEY;ATTORNEY TO BE NOTICED
GARLINGTON LOHN & ROBINSON, PLLF

350 Ryman Street

Po Box 7909

Missoula , MT 59807-7909

USA

406-523-2500

Fax: 406-523-2595
Email:EImediak@garlington.Com

Kathlean L. DaSoto

LEAD ATTORNEY;ATTORNEY TO BE NOTICED
GAELINGTOM LOHN & EQBINSON, PLLP

350 Ryman Street

Po Box 7909

Missoula , MT 59807-7909

USA

406-523-2500

Fax: 406-523-2595
Email:Kldesoto@garlington.Com

Halliburton Energy Services, Inc. Bradiey 2. Luck
Defendant LEAD ATTORNEY;ATTORNEY TO BE NOTICED
GARLINGTON LOHN & ROBINSON, PLLF
350 Ryman Street
Po Box 7909
Missoula , MT 59807-7909
USA
406-523-2500
Fax: 406-523-2595
Email:Bjluck@garlington.Com

Emma L. Mediak

LEAD ATTORNEY;ATTORNEY TO BE NOTICED
GAELINGTOM LOHN & EQBINSON, PLLP

350 Ryman Street

Po Box 7909

Missoula , MT 59807-7909

USA

406-523-2500

Fax: 406-523-2595
Email:EImediak@garlington.Com

Fathleen L. Delote
LEAD ATTORNEY;ATTORNEY TO BE NOTICED

SARLINGTON LOHN & ROSINSGN, PLLE
350 Ryman Street

Po Box 7909

Missoula , MT 59807-7909

USA

406-523-2500
Fax: 406-523-2595
Email:Kldesoto@garlington.Com

Optiphase, Inc.
Defendant

Sensortran, Inc.
Defendant

Pinnacle Technologies, Inc.
Defendant

Documants

Rerriove Documient{s)

Band o Timabsy

Ererns L £o )

:COMPLAINT for Patent Infringement and Conversion against Halliburton Company, Halliburton Energy Services, Inc.,
:Optiphase, Inc., Pinnacle Technologies, Inc., and Sensortran, Inc. filed by Adelos, Inc. (Attachments: # 1 Exhibit
09/12/2016 A-971 Patent, # 2 Exhibit B-863 Patent, # 3 Exhibit C-884 Patent, # 4 Exhibit D-PCT-US13-054588, # 5 Exhibit
: {E-Written Opinion, # 6 Exhibit F-U.S. App. No. 14-903,503, # 7 Exhibit G-Preliminary Claim Chart, # 8 Civil Cover
eet) (NOS, ) (Entered: 09/12/2016)

09/12/2016
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LexisNexis CourtLink - Docket Search Results Page 3 of 3

§09/12/2016§Summons Issued as to Halliburton Company, Halliburton Energy Services, Inc., Optiphase, Inc., Pinnacle
Technologies, Inc., SensorTran, Inc. Originals mailed to Plaintiff's counsel. (NOS, ) (Entered: 09/12/2016)

: MOTION Gregory F. Wesner and Jeffrey W. Reise to Appear Pro Hac Vice ( Filing fee $ 250 receipt number 0977-
:109/16/2016:1838309.) Randy J. Cox appearing for Plaintiff Adelos, Inc. (Attachments: # 1 Affidavit Gregory F. Wesner, # 2
: :Affidavit Jeffrey W. Reis, # 3 Text of Proposed Order) (Cox, Randy) (Entered: 09/16/2016)

: IMOTION John C. Herman and Peter M. Jones to Appear Pro Hac Vice ( Filing fee $ 250 receipt number 0977-
109/19/2016:1838860.) Randy J. Cox appearing for Plaintiff Adelos, Inc. (Attachments: # 1 Affidavit John C. Herman, # 2 Affidavi
‘Peter M. Jones, # 3 Text of Proposed Order) (Cox, Randy) (Entered: 09/19/2016)

09/19/2016 FFIDAVIT of Service for Complaint and Summons served on Halliburton Company on September 16, 2016, filed by
Adelos, Inc.. (Cox, Randy) (Entered: 09/19/2016)

09/19/2016 AFFIDAVIT of Service for Complaint and Summons served on Halliburton Energy Services on September 16, 2016,
iled by Adelos, Inc.. (Cox, Randy) (Entered: 09/19/2016)

09/19/2016 AFFIDAVIT of Service for Complaint and Summons served on Optiphase, Inc., filed by Adelos, Inc.. (Cox, Randy)
Entered: 09/19/2016)

09/19/2016 AFFIDAVIT of Service for Complaint and Summons served on Pinnacle Technologies, Inc. on September 16, 2016,
iled by Adelos, Inc.. (Cox, Randy) (Entered: 09/19/2016)

09/19/2016 AFFIDAVIT of Service for Complaint and Summons served on SensorTran, Inc. on September 16, 2016, filed by
elos, Inc.. (Cox, Randy) (Entered: 09/19/2016)

ORDER granting 3 Motion to Appear Pro Hac Vice for Attorneys Gregory F. Wesner and Jeffrey Reis for Adelos, Inc.

RDER granting 4 Motion to Appear Pro Hac Vice for Attorneys John C. Herman and Peter M. Jones for Adelos, Inc.
Signed by Judge Dana L. Christensen on 9/20/2016. Order served via CM/ECF on co-counsel. (ASG, ) Modified on
9/21/2016 to correct attorney names. (ASG, ). (Entered: 09/20/2016)

AO 120 Patent and Trademark form transmitted to the U.S. Patent and Trademark Office.. (Cox, Randy) (Entered:
9/21/2016)

:09/20/2016:

09/21/2016

09/22/2016

09/26/2016:NOTICE of Acknowledgment of Pro Hac Vice Order by Adelos, Inc. (Wesner, Gregory) (Entered: 09/26/2016)

09/26/2016:NOTICE of Acknowledgment of Pro Hac Vice Order by Adelos, Inc. (Reis, Jeffrey) (Entered: 09/26/2016)

110/04/2016:NOTICE of Acknowledgment of Pro Hac Vice Order by Adelos, Inc. (Herman, John) (Entered: 10/04/2016)

10/04/2016:NOTICE of Acknowledgment of Pro Hac Vice Order by Adelos, Inc. (Jones, Peter) (Entered: 10/04/2016)

10/06/2016

10/06/2016

OTICE of Appearance by Bradley J. Luck on behalf of Halliburton Company, Halliburton Energy Services, Inc. (Luck,
Bradley) (Entered: 10/06/2016)

Corporate Disclosure Statement by Halliburton Company, Halliburton Energy Services, Inc. identifying Corporate
Parent Halliburton Company for Halliburton Energy Services, Inc... (Luck, Bradley) (Entered: 10/06/2016)

: :Unopposed MOTION for Extension of Time to File Answer re 1 Complaint, or Other Responsive Pleading Bradley J.
110/06/2016:Luck appearing for Defendants Halliburton Company, Halliburton Energy Services, Inc. (Attachments: # 1 Text of
roposed Order) (Luck, Bradley) (Entered: 10/06/2016)

: :ORDER granting 19 Motion for Extension of Time to Answer re 1 Complaint. Halliburton Company answer due
§10/06/2016§12/6/2016; Halliburton Energy Services, Inc. answer due 12/6/2016. Signed by Chief Judge Dana L. Christensen on
10/6/2016. (DLE) (Entered: 10/06/2016)

MOTION to Appear Pro Hac Vice (Steven J. Pollinger) ( Filing fee $ 250 receipt number 0977-1850496.) Bradley J.
Luck appearing for Defendants Halliburton Company, Halliburton Energy Services, Inc. (Attachments: # 1 Affidavit, #
Text of Proposed Order) (Luck, Bradley) (Entered: 10/11/2016)

; :MOTION to Appear Pro Hac Vice (Aimee Perilloux Fagan) ( Filing fee $ 250 receipt number 0977-1850511.) Bradley J
£10/11/2016:Luck appearing for Defendants Halliburton Company, Halliburton Energy Services, Inc. (Attachments: # 1 Affidavit, #
12 Text of Proposed Order) (Luck, Bradley) (Entered: 10/11/2016)
OTION to Appear Pro Hac Vice (Eric C. Green) ( Filing fee $ 250 receipt number 0977-1850517.) Bradley J. Luck
appearing for Defendants Halliburton Company, Halliburton Energy Services, Inc. (Attachments: # 1 Affidavit, # 2
ext of Proposed Order) (Luck, Bradley) (Entered: 10/11/2016)
Corporate Disclosure Statement by Adelos, Inc. identifying Corporate Parent S&K Technologies, Inc. for Adelos, Inc
:(Cox, Randy) (Entered: 10/12/2016)

Itmns i to 28 of 28

110/11/2016:

:10/11/2016:

10/12/2016

Privacy | Customer Support - 1-888-311-1966 | Copyright © 2016 L&
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MEDLINE® users: The National Library of Medicine is currently experiencing technical difficulties, and the volume of
: MEDLINE data available to ProQuest Dialog is lower than usual. They are working to resolve this issue as soon as possible.
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Natural fiber span reflectometer providing a virtual signal sensing array capability - INPADOC / Family and Legal Status - ProQuest Dialog
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Natural fiber span reflectometer providing a virtual signal sensing array capability - INPADOC / Family and Legal Status - ProQuest Dialog
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MEDLINE data available to ProQuest Dialog is lower than usual. They are working to resolve this issue as soon as possible.
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ENGLISH-ABST:

A CW lightwave modulated by a continuously reiterated binary pseudorandom code seguence is launched into an
end of a span of ordinary optical fiber cable. Portions of the launched lightwave back propagate 1o the launch end
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froem a continuum of locations along the span because of innate fiber properties including Rayleigh scatiering.
This is picked off the launch end and heterodyned to produce a r.f. beat signal. The r.f. beat signal is processed
by a phlurality (which can be thousands) of correlator type binary pssudongise code seguence demodulators
respectively operated in different delay time relationships to the timing base of the reiterated modulation
seguences, The sutpuis of the demodulators provide r.f, time-domain reflectometry outpuls representative of
signais {e.q., acoustic pressure waves) incident to virtual sensors along the fiber at positions corresponding to
the varicus time delay relationships.

NO-OF-CLAITMS: 22
EXMPL-CLAIM: 1

NO-OF-Fi GURES: 13
MO-DRWHNG-PP: 13

GOVT-INTEREST:

STATEMENT OF GOVERNMENT INTEREST

(00021 The invention described herein may be manufactured and used by or for the Government of the United
States of America for governmental purposes without the payment of any rovalties thereon or therefore,

PARENT-PAT-INFG:

(000 1AppHeant cdlaims the benefit of a provisional application, No. 60/599,437 which was filed on 6 Aug. 2004,
and which is entitied "Continuous Ravleigh Effect Sensor Backscattering Heterodyne Optical Sensor System”™ by
Rabert M, Payion,

SUMMARY:

CROSS-REFERENCE TO HELATED APPLICATIONS

(0003 Natural Fiber Span Reflectometar Providing a Spread Spectrum Virtual Sensing Array Capability” (Navy
Case No 96650) filed on even date herewith in the name of Robert M. Pavion, hereby incorporated herein by
reference in its entirety.

(0004 Natural Fiber Span Reflectometer Providing & Virtual Phase Signal Sensing Array Capability” {(Navy Case
Mo, 96518) filed on even date herewith in the name of Robert M. Payton, hereby incorporated herein by reference
in its entirety.

(0005 Natural Fiber Span Reflectometer Providing a Virtual Differential Signal Sensing Array Capability” (Navy
Case N, 96519) filed on even date herewith in the name of Robert M. Payton, hereby incorporated herein by
reference in its entirety.

BACKGROUND OF THE INVENTION
(00061 1Y Field of the Invention

(0007 The present invention relates generally to the field of time-domain reflectometers, More specifically, it
refates 1o such reflectometers which are a part of a photonic system application in which the obyject of the
raflectometry is a span of fiber which has an interrogation signal launch end and a remote end. The invention
enables the provision of a lingar array of virtual sensors along the span. One particular type of application toward
which the invention is directed are aooustic security alarm systems in which the span serves as & perimeter
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intrusion maonitoring ling,
[O00BH 2 Description of the Prior Art

{00091 The U.5. Department of the Navy has been engaged in the development of towed acoustic arrays which
are refleciomelric systems in which the ohject of the reflectometry is g fiber span having an interrogation signal
faunch end and a remote end. One such development involves forming a towed array of acoustic sensors along
the span by the costly process of irradiating Bragg reflective gratings into the fiber cable. These reflective
gratings form the array of sensors of the reflectometry scheme of these systems, These towed arrays have a
fength of the order of at least 1.0 ki, and the need to irradiate the fiber has resulted in the fiber spans costing
hundreds of thousands of dollars each.

(00101 The Department of the Navy development activities have been further tasked to apply their creative efforts
to homeland defense problems. As part of this effort there is under consideration the use of a reflectometer in
which a fiber span is the ohject of the reflactometry. In this scheme, the fiber span providad with acoustic
sensors would be used as an intrusion detector to monitor the perimeter of an area desired to be secure, The
span laengths for this type of application include langths of the order of § kmy, (links of & U.5. border protection
network, ol line protection, chemical plant protection, etc.). In such perimeter monitoring applications thousands
of acoustic sensors would be reguired along the fiber span.

[0011TThe cost of manufacturing such perimeter monitoring spans empioying reflective Bragg grating sensors
has been an obstacle to their use in perimeter intrusion monitoring applications. Thus, there is considerable
interast in the development of a reflectometer system in which a fiber span is the object of the reflectometry
oplic array that does not require the high cost of Bragg reflective acoustic sensors.

(0012 Previous effort in solving related problems are described by the following patents:

(001315, Pat, Mo, 5,194,847 issued Mar, 16, 1993 to H. Tavior and C. Lee discloses an apparatus for sensing
intrusion into a predefined perimeter which comprises means for producing a coberant pulsed light, which is
injected into an optical sensing fiber having a first predetermined length and positioned along the predefined
perimeter. A backscattered light in response to recaiving the coherent light pulses is produced and couplad into
an optical receiving fiber. The backscattered light is detected by a photodetector and a signal indicative of the
backscatterad light is produced. An intrusion is detectable from the producad signal as indicated by a changs in
the backscattered Hght. To increase the sensitivity of the apparatus, a reference fiber and interferometer may
aiso be employed.

(001435, Pat. No. 6,285,806 ssued on Sep. 4, 2001 t0 A, Kersey ot al., discioses an apparatus and method for
measuring strain in an optical fiber using the spectral shift of Rayleigh scattered light. The interference pattern
produced by an air gap reflector and backscatter radiation is measured. Using Fourier Transforms, the spectrum
of any section of fiber can be exiracted. Cross correlation with an unstrained measurement produces g correlation
peak. The location of the corralation peak indicates the strain leveal in the selected portion of optical fiber.

[0015TThe above patents do not show how to obtain signals representing acoustic pressure signals incident upon
& fiber span {to detect perimetler infrusion) at a very large number of sensing stations without involving high
manufacturing costs. Consequeantly, those skilled in the arts will appreciate the present invention which addresses
these and other problems.

SUMMARY OF THE INVENTION
(00161 The objects of the present invention include the provision of:
& ~
{1} A time-domaeain reflectometer wherein an optical fiber span is the object of the refleciometry, and which

provides output signals representative of acoustic pressure waves incident the span solely by virtue of the
natural, or innate, properties of commercial grade optical fiber cables,

{2} The reflectometer described in object number {1}, above, capable of providing acoustic wave signal
nsing lengths of 5.0 km or more.
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@ ~
{3} The reflectometer described in object number (2}, above, which facilitates the provision of a very large
plurality (e.q. 5,000 or more) virtual acoustic sensors along the span.

@ ~
{4} The reflectometer described in object number {1}, above having & mode of operation which inherently
attenuates undesired noises due to span line discontinuities, such as reflections caused by fiber cable
couplings,

@ =
{5} The reflectometer described in objects numbered (1) through

@ ~
{4}, above, having special utility as a perimeter intrusion monitoring ling for an acoustic security alarm
system.

@ ~
{6} The reflectometer described in object numbered (1), above, which is capable of providing culput signals
in the form of a phase signal which varies linearby with the acoustic pressure wave.

@ ~
{7} The reflectometer described in object numbered (33, above, which is capable of providing culput signals
in the form of phase differential signals across pairs of the virtual sensors,

@ ~

{8} The reflectometer described in the object number {73, above, providing a capability of programmably
selaecting a pair, or pairs, of virtual acoustic sensors across which the phase signals are picked off, from
among the plurality of virtual signals along the span.

(00261 These and other ohijects, features, and advantages of the present invention will become apparent from the
drawings, the descriptions given herein, and the appendead claims. However, it will be understood that the above
listed objects and advantages of the invention are intended only as an aid in understanding aspecis of the
invention, and not intended to Himit the invention in any way, and do not form a comprahensive list of objects,
features, and advantages.

[00Z271Accordingly, a time-domain reflectometer is provided for sensing and providing output signals
representative of acoustic wave signals incident on the fiber span which is the obiect of the reflectomeatry,
wherein the innate properties of low cost, commercially available fiber optic cables are employed to create a
plurality {upwardly extending to very [arge numbers, &.¢., 5000 and more) virtual sensors,

(00281 The present invention is implemented as follows: Time and spatial domain multiplexing and de-
multiplexing of optical signals s accomplished by an electronic-delay or time of-transversal-delay coupled with
modulated-retransmission of a master or reference carrier wave. Each individual optical signal gooupies a unigue
time-delay slot or bin. A master or carrier wave is modulated with sach individual optical signal and delaved by
the appropriate time interval specific to a particuar signal. Al such signals are combined and simultaneously
transmitted as @ composite optical signal to a receiver where these are collected and photodetected, By
correlating the photodetected composite optical signal with the master or reference carrier wave, each individual
optical signal is sorted or demultiplexed inte separate electronic signal channels. The continuous wave nature of
the master or reference carrier wave provides more power than a pulsed optical wave and heterodyne optical
reception of the invention allows a very low oplical detection threshold or noise floor, The invention provides
significant improvement over other sysiems because the oplical noise floor is lowered considerably over more
conventional means,

(00291 The invention applies to several applications. The invention ailows audio bandwidth (tens of kilohertz
bandwidth) providing time-domain reflectometry measurements of fiber gptical cables or other optical madiums
such as glass, gir, water, eto. Other time-domain reflectometlry methods do not sample the optical medium fast
enough to detect tens of kilohertz bandwidih variations in the medium. The invention also relates to fiber optic
sensors and optical sensors generally. A fiber optic sensor array is typically time-domain multiplexed by the time-
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of-transversal of an interrogation lightwave to each sensor and back te a common optical collection and detection
point, The invention relates generally to both amplitude and phase type optical senor arrays, The invention is an
enabling technoiogy for a Depariment of Navy development known as the Rayieigh Optical Scattering and
Encoding (ROSE) sensor system. The spatial separation of segmentation of a ROSE acoustic array into spatial
channels is enabled by the invention.

(00301 The invention relates to acoustic security alarm systems, Naval towed arrays for sensing underwater
acoustic signals, fiber optic buguing devices, and rmany other potential ROSE applications. The fnvention also
relates to non-fiber optical sensors such as: laser velocimeters; lasers imagers; laser radar; laser rangears; and
ramote [aser acoustic, strain, motion or temperature measurement devices.

DRWBESC:

BRICF DESCRIPTION OF THE DRAWINGS

(003 LIA more complete understanding of the invention and many of the attendant advantages thereto will be
readily appreciated as the same becomes better understood by reference to the following detailed descoription
when considered in conjunction with the accompanying drawing, wherein like reference numerals refer to like
parts and wherein:

TO0321FIG. 1 s a graphical depiction of certain underlying physical mechanisms of polarization;

[0Q33IFIG. 2 is a block diagram helpful in understanding the concept of launch of an interrogation signal along an
optical fiber span providing a virtual array of pressure wave sensors by relrieval of backscatter from Ravieigh
Optical Scatter {ROS) effects;

[00241FIG. 3 is a block diagram of a natural fiber span time-domain reflectometer system in accordance with the
present invention;

[OO35IFIG. 4 is an electrical schematic of a balanced heterodyne optic detector Circuit;

TOO03BFIG. 5 is an electrical schematic of an alternative embodiment of a photodetector type heterodyner;
[O037IFIG. & is a block diagram of a programmabile correlator subsystem, which enables spatial sampling of
optical signais on the fiber optic span of the system of FIG, 3, in order to provide a virtual array of acoustic wave

sensors therealong;

[0038IFIG. 7 is a block diagram depiction of a set of phase demeodulator crouit assemblies which receives the
cutputs of the programmable correlator subsystem of FIG. &

[O039IFIG. 8 is a block diagram of one of the phase demodulator circuit assemblies of the set of FIG. 7;

[00401FIG. 2 is a block diagram disclosing details of an 1 & G demodulator component in a phase demodulator
circuit assembly of FIG. &;

(004 1IFIG. 10 is a block disgram disclosing details of a digital embodiment of the phase detector component
phase demodulator drouit assembly of FIG. &;

[O0421F1G. 11 is a block diagram disclosing details of an analog embodiment of the phase detector component
phase demodulator circuit assembly of FIG. §;

TO043TFIG, 17 s a block diagram of a programmable routing and phase signal switching network which provides
selective pairing of the outpuis of the set of phase demodulators of FIG. 7 to provide differential phase signals
across pairs of virtual sensors along the fiber span in accordance with the present invention; and

TO044TFIG, 13 is a disgrammatic depiction of embodiment of invention of FIG. 3 in which portions of the optical
fiber span are wound around a hollow mandrel

HALLIBURTON, Exh. 1014, p. 0028

http://www lexis.com/...&docnum=1&_fmtstr=FULL&_startdoc=1&wchp=dGL.zVzt-zSkAz&_md5=d471de9963462ad088820btba78c879d[10/14/2016 3:17:09 PM]



Search - 1 Result - Patno=7030971

DETDESC:

DESCRIPTION OF THE PREFERRED EMBODIMENT
{1} Description of Underlying Theories
[00451a. Heterodyne Optical Detection

[004610ptical receivers are built around photodetectors which detect optical power rather than instantaneous
efeciric field, Typically the photodetector cutput current is proportional o the incident optical power. This
refationship severaly limits the dynamic range of an incoherent optical receiver because for eveary decibel of
optical power lost in a receiver system two decibels of receiver outpul current is fost, The square law
characteristics of photodatectors imits typical incohearent optical receivears (often called video detection receivers)
to dynamic ranges of less than 80 dB and optical detection noise floors to greater than &minus; B0 dBm per Hertz
bandwidth. As Hustration, suppose an slectric field B, (1) [voltymeter] immersed in a material of impedance
&eta; [Ohms] impingss upon a photodetecior of rasponsivity [ampers/watt] ioaded by resisior Rey )and amplified
by amplification A, then the optical power Prq by amplification A, s

(0047 1Ps&ar; (D) =&lang E&rharu s&af; (D&middot; E&rharus&af; (D &rang; &eata; {1

Get Mathematical Eguation

The photodetector output current [amperes] is: {({I}=Fgy(88emsp;&emsp; {2} The photoreceiver outpul {volts] is
thus: v{i}=AR (1) =AHFrsy()demsp; &emsp; (3)

[00481The output fades only if the optical signal power goes o zero because the vector dot product of an optical
signat against itself has no polarization or phase effects. This lack of fading due to polarization or phase comes at
a cost: phase information is lost and signal 1o noise ratios are severely impacted,

T00491A coherent optical receiver takes advantage of the square law characteristics of photodetectors. A coherent
optical receiver combines two optical beams, a signal and a local oscillator, together to form an interference, The
interferance between thess optical waves produces a “heat” which allows the measurement of the phase
difference between the signal and the local oscillator. This interference produces an amplitude, polarization, and
phase sensitive receiver output. In order 1o consider these effects a discussion of the polarization state of plane
waves is in order. A piane wave contains two orthogonal vector components which are alse orthogonal to the
direction of propagation of the wave, For purposes of discussion we will consider the plang wave o be oriented so
that the vector components of the electromagnetic field He in an X-Y plane and that the wave propagates in the £
direction. However, this choice of axas is completely arbitrary. In practice, the wave can be griented in any
propagation direction. In order to simplify discussions, a simple change of coordinates will make this discussion
completely general.

T0050TThe polarization of an electromagnetic {or optical) plane wave, p, is described by a minimum of five
parameters, There are two basic ways of specifyving these parameters. The first way leads (o a description which
is griented towards that which is directly obtained from physical measurements.

[0051TER&rhary; pRaf; (Epx, Epy, &Phi; e, &Phi; py. &omega; p, D ={ Epx&af; (D&t coss&afl;

(&omega; pdit; t+&Phi; px O Epyaal; (D&t cos&al; (&omega; p&it t+&Phi pyv {4}

Get Mathematical Eguation

The second manner of describing the polarization state of a wave, p, is oriented more towards the underlying
physical mechanisms of polarization. See FIG. 1. The description is made in terms of gpatial and temporal
parameters:

(0052 E&rarr; p&at; (Ep, ?p. &psi; p.&phi; p &omega; p, ) =Ep&af; (D &af; [coslat; (?p)sindaf; (?pi-sindaf { ?picostaf;
{7 &ik; [eos®af; (&psi; pi00singal; (Jpsi; p)I&it; [cos&af; (Rkomega; p&it; 4+ Xphi; pisingal; (Zomegs; pkit; L+-&phi; p)]
(5)

zet Mathematical Fguation

Alternatively, dropping the full variable list in the parentheses and expanding:

(0053 1E&rarr; p&af; (Di=Ep&af; (D&af; [cos&af; (?p)sindaf; (Vp)-sindaf; (?plcoséaf; { ?p) &t [ cos&af;
{Rpshm00sin&al; (Gpsh;p) &t [costaf; (Aphi; p)-sin&af; (&phi; pisinkaf; (&phi; plcos&at, (&phi; p &t [cos&af;
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{Bomega; p&it;Uisin&af; (&omega; pait; 1 (6
Get Mathematical Egquation

{00541 B¢y jis constant, the electrical power of this wave can be shown to be constant and equal to:

(OO TPp&af, (D =8&lang, E&rarr; p&af; (D &middot; Edrarr,; p&al, (D &rang, &eta,; =Ep22&it  &eta ()
Get Mathematical Equation
When two waves, S {signal) and L {local oscillator), interfere at the input of a photoreceiver, the output is:

0058 TvoutRaf (D) = ARLEH &af (D= ARL&N &it; &lang; E&rarr; s&af; (L&middot; E&rarr; s&af; (14 E&rarr; L&al;
{(D&middot; E&rarr; L&af (1428 E&rarr; L&af; (D) &middot ; E&krarr; s&af; (D) arang; keta; &it; &it; vout&af; (T =vi&al;
(O +vsiaf; (D4 vES&af; (D=ARLEI &it; (PLE&aT; (1) + Pslaf, (1 +PLS&af, (18

Get Mathematical Equation

If the optical power of the local oscillator and signal lightwaves remain constant, a constant photocurrent
develeps for the self-interference terms (PrgHand Py ). However, If either the local oscillator or the signal
Hghtwaves have any temporal variation in polarization or phaseg, the cross interference term (P qy) will be time
dependent even if the power of aach lightwave remains constant. Solving for the cross interference term, we
obiain:

[O0R7 IvESEaf (O =ARLRH  &eta &L, EL&AF (D &it Es&af {1&af; [cosiaf { &Delta; 7 &t coslaf;

{RDelta; &psi; IXit; coséal; (&Delta; &omega; &it; K b+ &Delta; &phi) Y +sin&af; (&Delta; 7)Rit; singaf;

{28i%; &psi; &t sin&af {&Delta; Lomega; &L &G 1+ &Delta &phi; 18 it viS&af; (=280t ARLRGE &it; PLRaT:
(D)&it; Pekaf; (D&af; [coskal; (XDelta; )8 cosaf; (&Delta; &psi; )&it; coskaf;

(&Dehta: domega; &it; &t 1+ &Dela,; &phi; Y +sindaf; {&Delta,; 7 &0t sinlaf (2&it &psi; ) &it: sinkaf;

{RDelta; gomega; &it; it t+&Delta; 93 1{(9)

et Mathematical Equation

Where the following definitions are made: &E}eita;‘?m‘?{g)&minus;‘?{L )&Deita;&psi;ﬂ&psi;(g)&mmus;&psi;([_
yeloverscora (&psi; JI=8&psi; sy +&psiy g yRDelta; &omega; =Bomega; (s kminus;komega;
)&Deita;&phiv;:&phiv;(S)&minus;&phiv;(L}&emsp;&emsp;(1(3}

{00581 The optical cross-interference portion of the receiver output will fade due 0 polarization even if the local
osciliator and the signal Hightwaves both do not have zere optical powers, This condition will occur if:
CO=cos{&Delta;s)cos{&Delta; &psisicos{&Delta; &omega; r+&Dela; &phiv; y=sin{&Delta;sisin{ Z{overscore

{(&psi; Nsin{&Delta; &omega H+&Delta; &Phi; J&emsp &emsp; { 11) Also, equivaiently when the condition will ocour;

(00593 00 =[cos&al: (RDelta; 7 )&it coskat; {&Delta: &psi ;) 1t coskaf;

{(&Delta; Romega; &t &t 1+ &Delta; &phi; isin&af; (RDelta; 2380t sinlaf {280 &psi; &t sindaf;
{(&Delta;Gomega; &t &it 1+ &Dela; &phin ) 1{12)

zet Mathematical Eguation

[0060TWhen heterodyne optical detection is employed (&Delta; &omega; is non-zero, the local oscillator has a
different frequency from the signal), the conditions for a fade are shown in Table 1. When homodyne detection is
empioved {&Delta &omega; is zere}, both phase and polarization fading occur. The conditions for a homodyne
fade are shown in Table 2. Heterodyne detection is therefore seen to be superior to homodyne because the
probability of a fade is fully one half as likely.

[0061]

Search terms may have been found within the contents of this table. Please see the table in the origingl
document.

(006273

Search terms may have been found within the contents of this table. Piease see the table in the original
document.
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[00631GHen the conditions for and the functional reiation of g fade, the guestion now arises as t© how a fade can
be prevented, Since the signal is being measurad, no a prior] knowledge is assumed and therefore Eqgy, 3¢5y,
&Pst;rgy, &Phi;(s yare alt probabby unknown guantities. If fading is prevented, then no loss of information occurs
and determination of these four parameters is possibie, In order 10 decode the optical receiver output into thesge
parameters, at feast four independent measurements must be made to uniquely determine these four
independent variables, However, if the interfering optical beam {or beams) of the Iocal gscillator are unknown,
then additional independent measurements must be made (four additional maasuremeants for each unknown
beam) to determing the Eﬁ_}, Sey &Psi;(a_), Or &Phi;(;_ )for each optical beam of the local gscillator. The cross-
referaence output of the photorecaiver, v gy(t), offers the only means by which to measure these parameters. If
the parameters cannot be determinad from this output, then an optical fade cannot be ruled out.

[00641We shall now examine the information which can be gleaned from this output. Define the following
functions.

[O065Ivi&al (EL ES, &Delta; ?, &Delta; &psl; ) =ARLRIL; 2&it; &eta &it; EL&a T (1)KL ES&aT; (D& cos&af;

{&Delta; 2 8t cosaf (&Delta; &psi; )= ARLAL &it; PLR:E; (D&, PS&af (D& coslal; (& Dela V)&t coskaf;
{&Dela; &psi;) & &4 vQ&af; (ELES , &Delta; 2, 2Rt &psi; 1 =ARLRL 2&it; &eta; &t EL&aT; (DKt ES&af; (D& sin&af;
(&Delta; PRI sinGaf; (ZRIG; &psi; 3=ARLRGE &It PL&aT, (&L PERaf; (D) &t sin&af; (&Delta 2 &t sin&af;

(2&it: &psi; 13

zet Mathematical Eguation

[00661In the homodyne case (&Delta; &omega; is zerg), we obtan the following output:

[O067 VLS &al; {(T)=2&IL; ARL&IE: &it; PLA&ST; (D& PS&af, (&I (costal: (&Deita; &t coskaf;

(&Delta; &psip&it; coslaf; (&Delta; &phi) Y+ aindaf; (&Delta; &t sin8&al; (3&iL; &pst; &L sin&af;
{(&Dalta; &phi; &it; &it vES&af: (O =2&it; vidaf; (ELES, &Daita; ?, &Daita; &psi; &it; coskaf;

{XDelta; &phi )+ 2&iG vQ8a T (ELES  &Dealta; 7, 2840 &psi;_&dt; sin&af; {&Dealta; &phi; {14

Get Mathematical Equation

The hormodyne output only allows the measurement of one quantity, The output provides only one indepeandent
measurement (one equation’ whereas a minimum of four are required. In the hetercdyne case (&Delta;domega;
is non-zero), the output is:

TO06RTVESRaf; (D)= 2&I AR LRGL 8t PL&aT, (&L PSRaf; (D) &t (cos&af,; (&Delta; V&4 cosikaf;
{(&Delta; &psi: &it; cos&al; (&Delta; &omega &it; Rit i+ &Delta &phi: ) +sin&af; (&Delta; 7 )Rt sindaf;

{28i%; &psh; &t sinaf; {&Delta; Somega; &t &dt; b+ &Delta &phi; D& &it; viS&af,; (D= ARLRIL; Seta; &it; L 2af;
(DRI ESKar: (D& (costaf; (&Deka; 7 &it; coskafl: (KDelta; &psi; )Rt costaf;

(&Delta; Romega; &t &t 1+ &Delta; &phi; Y +sinkaf; {&Delta,; )&t sinlaf; (28l Kpsi;_ Y&it; sin&af;

{(&Delta;Gomega; &L &t T+ &Dela  Kphi; D& &I vLS&al; (D =2&00; vikaf; (ELES, &Deita; ?, &Deita ; Xpsi; &it; cos&af;
{XDelta; &omega; &t &dit; 1+ &Delta  &phi; )+ 28I, vQ&af, (L ES, &Delta; 7, 28 &psi; &L sin&af;

{&Delta; &omaga; t+&Delta; &phi y{15)

Get Mathematical Egquation

[006215ince sine and cosine waves are orthogonal, the heterodyne recaiver provides two independent
measurements by mixing down to baseband the &Delta; &omega; radian frequency components. Thus, two
outputs are obtained:

[0G70ViRal (D =8lang; vLES&af; (1)&iL; cosBal; {(&Delta; &omega &L &L D)&rang,; =vidal {(EL&al; (1}, ES&af;

(1), &Delta; ?&af; (1), &Delta; &psi; &at, ()& coslaf; (&Delta; Giphi; &af; (1))&dt; &, VQE&af; (D) =R&lang; vi.S8&af;
(D& sin&af: {&kDelta Bomega &G &I DRrang =vQ&al; (EL&al (1, ES&al: (1), &kDelta; 7&af; (1), 2&i; &psi; _&af;
{EON&it; sinBaf; (&Delta; &phi; &af; (1){18)

Get Mathematical Equation

(0071 1h. Correlation or Time-Delay Multiplexing
(007210 many optical sensor applications, the lightwave signal heterodyne-detected by the photodetector
system is a composite optical signal formed from the superposition of many individual optical signals, When the
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receiver lightwave is generated by backscatter, the composite optical signal is the superposition of individual light
signais generated by a continuum of reflections of an interrogation light source. The temporal and spatial
characteristics of each reflector or reflective region creates a modulation of the interrogation light source. The
time-delay, amplitude, polarization and phase states control the backscattered-modulation of these individual
optical signais arriving at the photodetecior with & unigue time-delay interval can be separated into channels
which sort the optical signals into time-delay siofs or bins. Depending upon how the signals are generated, these
channels can represent spatial regions in space or time-delay sints of a3 time-domain reflectometer mechanism.

(00731 et an interrogation lighbwave source be generated by modulating the amplitude, phase or polarization of
a coherent Hohlwave with a time-structured correlation code, o). The correlation code, <{t) can be a series of
pulses, chirps, binary sequences or any other type of code which provides the required correlation characteristics,
If the lightwave source is: Egs{H)=Fgg cos(&omega; gy&emsp; &emsp; (17} Then an amplitude modulated
interrogation source i Epn(D=ua (s ywos(@omega; oy )8emsp; Ramsp; (18) Alternatively, a phase
maodulated interrogation source is: Epn{i)=Egg yoos(Bomeaa s+ upye(i)) &emsp; &emsp; (19} I¥ ot} is chosen
te be temporally structured properly, then:

[O0741RIGaT (Gtau; = &lang; Eigef, (D&, Eilaf; (t+-&tau; 8uang &ap [ESS 22 8dau; &ap; 00, otherwise{(20)
Get Mathematical Eguation
c{t) must be chosen so that an g priorn decoding/demultiplexing function, d{t), exists such thal:

FO075 haat, ( &tau; Y =8lang, d&af; ()&, Eilaf; {t+-8au; Yarang, &ap; [ 8o, &it; &L, ESS5&it; cosiaf;
{XDelta; omega; &it; it T+ &phi ) &iaw; &ap; §0; otherwise{21)
et Mathematical Equation

[0076]For instance, suppose the interrogation wave is: Epn{f)=pao(f 5 yoos(&omega gy i&emsp; Remsp; {22)
and:

TO077IRcRaf,; {&iau; = &lang; c&af; (D&dt cial; (1-8tau; J&rang; &ap; [ 1; &tau; Bap; 00, &lau; &ne; 8{23)
Get Mathematical Equation
then a valid decoding and temporal and spatial domains demultiplexing function is:

[00781d&af; (O =pd&it; CRaf; (O &It EL&d cosgal; ((XkDelta; &omega; +&omega; SHE&IL b+ &phi) &I &t b&af;

(t&kau; ) =&Iang d&af: (t-&tay; it Eidaf: (D &rang = [ uda&ih yAXIL ESS &It ELZ28dL, cos&af; (&Delta  komega; &af; {T-
&tau;y+&phi;-&omega; S&ib; &tau; ) ; &tay; &ap; 00 otherwise(24)

et Mathematical Equation

(00791 Therefore, delaying the correlation decoding/demultiplexing function d{t) allows demulitiplexing of delay
multiplexed signals identifiable by spead of propagation and distance of flyback travel, Suppose an optical wave is
formed a summation of delayed signals modulated onto the interrogation wave Eq{(1, then the received wave,
Eib‘.(t‘)‘, is:

Ay ‘

[O0R0IEDAaT  (U=8&sum,; n=1NZ&IL &t An&af; (t-&tau  n) &t AR c&af (E-8dau; n & ESS&it coskaf:
{Romega; S&al; (t-&tau;n )+ &Phi; n&af; {E-&tau; n){(25)
Get Mathematical Equation

0081 Then multiplying by the decoding/demuitiplexing function, di8minus&tau;my), we obtain:

(0082 1d&af; (D) =ud&it; ckaf; (D &it: L&t cos&al; ({(&belta; omega; +&omeqa; SRt t+ &phi; Y &it; &it baaf;

(t, &tau;m)=R&iangd&af; (-&tau; m)&it; Eb&af, (1) 8&rang; &it; &dt; béaf,

{t,&iau;m)&ap udlt; AR ESS&IL EL2&I Am&af; (E-&tau,; m&it coslat; (&kDelta &omega  &af; (T-&tau; m )+ &phi; -
Gomegs; S&it; &tau;m+&Phi;m&at; (-&tau;m)).(26)

Get Mathematical Equation

Because &iau; ¢ s unique, the amplitude signal Ajm (tminus; 8dau; i) and the phase signal

BPhi; (m(t8&minus; &tau; (n)) are both extracted from Egn () by muitiplying by the decoding/dermultiplexing
function, d{t&minus; ). The technigue is applicable to a wide variety of other optical signal multiplexing
applications. Specifically, the technigue can be used to spatialiy separate optical signais arriving from a
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temporatly varying time-domain reflectometer optical backscatter process fram an array of fiber optic acoustic
sensors, {3 Description and Operation of the Ravieigh Optical Scattering and Encoding (ROSE) System

[00831a. ROSE Optical Phase Sensor Interrogation Enables Sensor Subsystem

[00R4Tn order to more fully describe the capabilities and new features of the invention, the apphlication of the
invention to a subsystem 1, FIG. 2, of ROSE which launches an interrogation signal onto fiber span 8 and
retrieves lightwave back propagation from a continuum of locations along the span. Back propagation
mechanisms may include Rayleigh Optical Scattering (ROS) and other effects generated within the optical fiber,
Rayleigh Optical Scattering (ROS) in an optical fiber hackscatters light incident upon the fiber. The incident light
transverses down the optical fiber o the scattering point/ragion. At the scattering region the incident light is
backscattered back up the optical fiber. As the light transverses the round trip optical path {l.e,, distance of
fivback travel} any disturbance of the fiber which increase or decrease the optical path length will cause the
phase of the incident and hackscattered light to be modulated. Suppose a pressure is applied to the optical fiber,
The pressure slongates the path length of the light transversing the region.

(0085 Refer to FIG, 2. for the following discussion. In the FIGS, like parts correspond to like numbers, Let p(t,z)
be pressure applied to the outside of the oplical fiber at time, t, and at point or length, z, along the fiber axis,
Then if an interrogation optical wave, E (U, generated by laser 3, passed through optical coupler 4 and
modulated by optical modulator 8 is applied to optical coupler 7, this resuits in the following ocutput interrogation
wave, Eqy(1), being transmitted down the fiber 81 £ (1= ol Eeg yos(&omega; o ) Bemsp; &amsp, (27)

0086]The backscattered wave, Eqn (1), arriving back at an optical coupler 7 from ROGSE fiber optic array 8 passes
into optical path 11, The backscattered light which arrives at optical path 11 is the summation of all light
backscattered from a continuum of locations along the length of the ROSE fiber optic span 8. As will later herein
be described in detall, fiber 8 has a longitudinal strain component enhancing coating 12. I r{z) is the reflection
density at point or length z slong the fiber and CL is the optical wave speed, then the backscattered light after a
prassure plt,z) is applied to fiber is representad mathematically as:

(0087 IEbaal; (D= 208&iInTin; &il; r&af; (zaHat; 8al; {1, 2) ) 841 ARt ckat; (t-28it s Hat; &af;
(4 2)el &I &I ESS &t cos{&omega  S&af: (- 280 z&Hat  af {1, 2) ol )&t O&it &dd: 2 28)
Getb Mathematical fguation

where:

(0088 z&Hat; &af, (1, 7)=z-4+pL &I 028 p&af; (T Q&I &G &dd; x £ 29)
Getb Mathematical fguation

{008STI the distributed reflection, r{z) is essentially independent of the applied pressure, p(t,z) then the
backecatier is:

(0050 Eb&al; (1 =20&infin; &Il r&af; (D& pAKiL; cRaf; {E-2&i z8Hat, &af (1,2 D& &l ESS&IL cos(&omega; S&af;
{T~2&it z&Hat; &af; (L, z &t &l &ddz. (30
Getb Mathematical fguation

(009 L 5ince optical path length change caused by the applied pressure, plt,z) is usually extremely small (on the
order of 1008MINUsi6 3 1041 Mimes an optical wavelength), the backscattered light from each z distance down
the fiber arrives at the optical path 11 with a transversal delay, &tau;{t,7}, equal to:

[00921&tau; &af; {t,7z1&ap; 2&it;zcL.{31)
Get Mathematical Egquation

{0083 Therefore, to receive the signal 5¢; ybackscattered from the fiber region at length-down-the-fiber z=1¢4,
the correlationatl multiplexing characteristic of the ransmitted interrogation light can be utilized. Multiplication of
the total backscattered optical signal by the correlation decoding/demultiplexing function, d{t&minus; &tau;
{t.z;1y)), produces an output which contains the signal, 5¢qy, backscattered from a distance Ly ydown the fiber
and rejects signals originating from other fiber regions, such as 5.y, Sy yand etc, Representing this process

HALLIBURTON, Exh. 1014, p. 0033

http://www lexis.com/...&docnum=1&_fmtstr=FULL&_startdoc=1&wchp=dGL.zVzt-zSkAz&_md5=d471de9963462ad088820btba78c879d[10/14/2016 3:17:09 PM]



Search - 1 Result - Patno=7030971

mathematically, the resulting channel output, B, L1y} is obtained as follows:

(0094 h&af, (6 &au; Di=&lang; d&af, (1-8tau; D& Eb&at, (D 8rang; =&lang  d&af, (-2 &I L1l &I, Eb&af;
{(D&rang; =B&af; (f, LDt &t d&af; (280G L1c ) = ud&it; ciaf; (- 2&dE: L1l ) &t EL&it cos&al;

{{&Delta; fomegs; +&omega; s 8t {28 L1cL)Y-+-&phi; J&IL &it; Eh&af; (D= ?0&Infin; &t r&af ()&, uA&it o8t (t-
2&i; ol YT ESSKIL cosikit; &it; {&omega; skat; (1-2&it; z&Hat, &it: (L, 2L &I &dd 2 &t &it; &Phi &af;

(7, L1 =8phi;-2&it; (8Dl Rt &t Gomega ; + komega; s )&it; Lich + &Delta R &t Gomeags &t &t 2&it 2oL &emsp;
(32}

zet Mathematical Eguation

[00951B&aT; (L1 = &it; ud&it; uARIE EL&IL ESS&IL; ?G&infin &it; r&af; ()&t Rekaf; (B&it: (z-

L1ci)&it cos{ &Dealta; &it &it; Romega; &dt; &t 04+ &Phi &it; (2, L 1)+ &t 280t pL &t &omega; SclL&dt; 70280t plaf,;

(1 &I &t &dd Q& &t &dd  z&Dalta &t &t &Phi: &it; (1, 2 = &It &Phi &af;

{7z, L1+ 2&i; pl &t Bomeags; Sclamiddot; 702840 p&af; (1) &t &it &dd < B&I {H L1 = 8t VESR, P 0&infin  &it; r&af;
(z)&it; Regat; (2&it; {z-L 1L )&I &it coskat {&kDealta &t &t &omega; &t &it T+ &Delta &I &t &Phi; &af;

() 8dE &dd zBRaf (L L1 &ap, &It VERR vL 1&dL; cosiaf,

{&Dela; &G &I &omeaga; Qi &I TH&Phi L1428t pL&#H; &omega  SoL&middot; ?OLL&I; p&af (1a&i &t &dd {33}
Get Mathematical Egquation

Because of the correlation properties of the interrogation light, the autocorrelation function Ry (&taw;) is very
smail at ali spatial locations except those in the vicinity of z=11). Therefore, all signals originating anywhere else
are rejected. Furthermore, the phase of the channel output at lpcation Ly ywill be the summation or integration
of ali pressure changes along the hi-directional transversal path. This unusual phenomenaon has been
demonsirated with experimental hardware.

[009610Nn0e the correlation process isclates the optical signat originating from o spatial region, the signal must be
phase demodulatad to extract the pressure information. The signal is 1 (in phase) and § (gquadrature phase)
demoduiated is;

[O0S7IBI&a; (L1 =4I 8dang B&af, (L, L1)&i; cos&af; (&Delta; 8dt; &it &omega; &t Qi D&rang B 1&af,

(LU & &t VESL, rLIRIL; cos{&Phi; L1+ 2&iL; pL&IL &omega; ScLamiddot; &dt; ?0L 1 &it; pkaf;

(&I 2O&iE &dd; x&it =8 VI&iL cosdaf {&Phi; 1BO&af (I, L1 =&t &ang,; B&af {4, L1 )&t sindaf;

{&Dela; &G &L &omeaga; &G & D&rang BORa; {8 LD Gap; &t -VERdL; rL 180 sin&af;

(&Phi; L1+ 2&it ul&it &omega; ScLémiddot; 20L L& paat; (I’ 20&i; &dd; x)&emsp,; = &it -V 1R sin&af, (&Phi 1),
{34}

Get Mathematical Equation

[00981Then 1 8 (, or cosine phase and sine phase gutputs are converted inlto either phase rate or phase outpuls
with simple analog or digital hardware. The phase, so demoduiaied, allows the inference of infermation about the
acoustic pressure down the fiber o the measurement point,

[0099]0nce the 1 & Q outputs are generated, the temporal phase state of B{Y, L¢;,) can be determined by one of
several types of phase demodulation processes. The phase state of the region of Ly yspatial delay is therefore:

[0L00I8Ph 1=8Phi; L1+ 2&it; pL&it; S&omega; Scl&middol POL LRI P&aT; (1) &it; &it; &dd x.(35)
Getb Mathematical fguation

(010 Likewise, the plurality (which may be a large number, 2.q., 5000) of optical signals arising with spatial
delays, such as the propagation time for fiyback travel 1o L yor Ly, can be correlated out of the backscatiered
signal Egmy{t). These are:

[01021B&af: (1, L2 &ap; VERIE rL2&it; cos&af;

{XDelta; it &t &omeqga; &t &l b+ &Phi; L2+ 28 L&l &omega; ScL&middot; ?0L 280 paat;

(E&i; ORIt & Q&I &l B&af; (T L R&ap; VE&IL rin&it; coskaf;

{(&Delta; &Zit; &it; Gomeags &t &b - &Phi Lo+ 200G plL&i &omega ol &middot; 70Ln&it; p&al; (18t O/t 8dd; x)(386)
Get Mathematical Equation

With corresponding phase signals of:
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TOLO31&PRE 2= &Phi; L2+ 28&it; L& Bomega; Sch&middod; P0L 2800 p&af;
(E&dt; xG&%iL; &dd x & 8t &Phirn=&Phi; Ln+ 2&it; ul&it; &omega; ScL&middol; ?0Ln&it; p&af; (E&it; 2O&IL &dd 2, (37
Get Mathematical Eguation

101041 The phase signals, obtained by phase demodulation of each B(t, L), represent a pressure field p(i,z)
which is integrated along the length, z, of the fiber, Therefore, rather thén'directiy measure p{t,z} the sensor
provides alt of the accumulated pressure effects down the fiber to the measurement point, Ly{where mis
integer corresponding to the measurement point). In sensor arravs, it is usually desired to detect the pressure
over & specific measurement region. If two optical signals Sy yand Sy yare received from measurement lengths
e )and Eeicys the corresponding demodulated phases &Phi;g )and &Phi;(;ﬁ yare:

[OLOSTAPKE 1 =8&Phi; LI+ 2&i; L& &omega; Scl&middot; 70L1&0L, p&af,;
{E&dt; it &dd x &I &I &Phis k=&Phi; Lk + 2&it; ulL&it: Zomega; ScL&middot; 70LKEI; pRat; {E&iL; x3&iD; &dd  x.{38)
zet Mathematical Eguation

[0106]A sensor between the lengths down the fiber of Ly yand Loy (Lgo> L) s formed by subtracting the two
phases:

(01071850 k-&Phi; =&it; &Delta; &it; &it; &Phi; ki =8t {&Phi; L+ 28&it; gl &t &omega; Scl&middaot; ?0Lkait; p&af;
(Bt &L &ddd, x 3-8t {&Ph L4 2 &it L &dL &omega : ScLé&middot; ?0LIAI p&af,

{ERdt; gt Rdd O gt &it; &Delta; &it; &dt; &Phi; k= dE; &Phi; LIC-&Phi; L+ &t 28dE; pL&it; &omega; ScL&middon; (7
OLk&iL; p&at; (t&it; it &ddd -8t 20LKEUL, p&af (&I &bt &dd &b &L &Delta,; &t &G0 &Phiz ki =&Phi Lk
&Phi; Li+&i; 28t pl &t komega; SclL&middot; PLILERIL p&at;

(E&dt; &It &dd x&it: 8it KD elta (&I &L &Phi; G =8&Delta,; &t &40, &Phi: LKA L+ 2&it, L& &omega; ScL&middot; ?
LiLk&it; p&at; (1&it; Q&0 &dd ;3. (39)

et Mathematical Equation

[0108]The resulting sensor is of length &Deltab=Ln&minus; Ly ywith a center position of (L y+i)/2. The
differencing of phase signals &Phijq yand &Phij i inte a new phase signal &Delta;&Phi; g, allows a virtual sensor
of arbitrary position and length to be formed, The resulting spatially differential sensor also adds the advantage
of minimizing other effects such as iead-in fiber strum or vibration which creaie unwanted phase signais.

[0L09TThe above phenomena iustrates that when the interrogation light is properly encoded, a ROSE (Rayleigh
Optical Scattering and Encoding) sensor systam is enabled. The subject invention therefore enables the ROSE
concept. The subject invention enabiles spatial discrimination of the optical backscatter effects in g ROSE sensor.
The spatial differencing technique rejects unwanted common mode signals inadvertently introduced in fiber leads
down to the sensor region. The invention also applies in a similar manner o more conventional fiber optic
acoustic sensor arrays (i.e., those having Bragg reflective grating sensors) or o non-fiber optic remote optical
sensors which detect phase,

(01101, Pointwise Signat Delay Multiplexing

(011 LT The invention also apples to point-wise non-distributed sensors or artificially generated multiplexing by
elecirgnics means. The interrogation lightwave can be intercepted and retransmitted back to the receiver with an
artificial, electronicaily generated delay, as & means of delay/correiation multiplexing many channels,

{3} Descoription of a Fiber System Implementation

F0L12TThe invention can be realized with bulk optical, fiber optical or integrated optical components, For
simplicity, a fiber optic implementation will he presented. However, the fiber optic embodiment is being
prasented without intent of limitation. The teachings of the invention can be used to implemeant a reflectometer
system in accordance with the present invention using these and other instrumentalities providing a light path
that has the innate property of producing back propagation of portions of an interrogation signal at a continuum
of iocations along the ilength of the propagation path therethrough,

T0113%a. Optical Transmitter and Time-Delay Multiplexing Process.

HALLIBURTON, Exh. 1014, p. 0035

http://www lexis.com/...&docnum=1&_fmtstr=FULL&_startdoc=1&wchp=dGL.zVzt-zSkAz&_md5=d471de9963462ad088820btba78c879d[10/14/2016 3:17:09 PM]



Search - 1 Result - Patno=7030971

[01141F1G. 3 is an illustrative biock diagram implemention of the Rayieigh optical scattering and encoding {ROSE)
sensor system 2. Like parts correspond to like numbers. A lightwave from transmitter laser, 3, is propagated
through optical coupler or beamsplitter, 4. The smaller portion of the transmitier laser power split off by optical
coupler, 4, is passed by optical path, 3%, to the phase locking means oplical receiver 38, The larger portion of
the transmitter laser light power i split by optical coupler, 4, and propagated to optical modulator, 8. The optical
radutator, §, modulates the laser light passing from optical coupler, 4, with correlation code, oft), as
electronically generated in master correlation code generator, 33, and amplified by amplifier, 48. The corralation
code, oft), is moduiated onto the laser light in optical modulator, &. This modulated light comprises the optical
interrogation lightwave, {0, The optical modulator, 8, may modulate the amplitude, polarization or phase of
the laser light subject to the teachings of the invention. The interrogation lightwave is propagated from optical
radutator, §, to optical coupler, beamsplitter or circulator, 7. The interrogation lightwave passes through the
optical coupler, 7, into optical fiber or other light propagation medium, 8. Hereinafter, “down”, indicates a
transversal on the optical path, &, away from coupler, 7; “up” indicates a transversal on the optical path &
toward the optical coupler, beamsplitter or circulator, 7. The interrggation lightwave which transverses down the
optical fiber or medium 8 is moduiated and is backscattered or returned by other means with equivalent optical
path lengths {equivalent to a time delay), Loy, Loy -« Lncorresponding to sensors or multiplexed channels
Sy Sz o« By The returned inferrogation lightwave is a composite optical signal modulated by signals due
to the 50 ythrough S¢, ymodulating and time-domain multiplexing actions.

{0115TMore particulariy, the propagation of the optical spread-spectrum interrogation signal down the continuous
full span of the optical fiber span, signal launch end to remote end, causes a back-propagating composite optical
signal, which is the linear summation, or integration spatially, of all of the individual, continuous, or continuum of
bhack-reflections along the span of the optical fiber,

(0L1610ne component of this composite signal is comprised of the naturalhy occurring continuum of optical back
reflections {including Rayleigh optical scattering ((RO3)) effecis} of the optical spraad spectrum carrier signal that
is formed by modulating the primary carrier signal by the spectrum spreading signals. Another component is
comprised of the artifically ocourring optical back reflections, either-point wise reflections or distributed
reflections, of the optical spread spectrum carrier signal that is formed due to propagation discontinuities as the
result of presence of a Tiber cable coupler in span 8. 54l ancther component comprised of the continuum of
modulations at locations along the span of the reflected signals due to longitudinal components of optical path
length change, causing a delay in the reflected signal, experienced by the Tiber optical span along its length.

[011715uch optical path length change or delay may be caused by a variety of possible scurces including acoustic
pressure waves incident to the fiber, electromagnetic fields coupled to the fiber, mechanical strain or pressure on
the fiber, thermal strain or pressure induced in the fiber, or other means of causing change in the optical path
length, Use of the acoustic pressure waves mode of changing path length in perimeter intrusion monitoring
systems is the principle embodiment dustrated herein. In this use, optical fiber span § s emploved to provide an
array of virtual geophones buried at a range of depths beneath the surface of the ground of about between six
{8} inches and one (1) foot, to sense motion of an object on the surface of the ground, The acoustic pressure
wave sensing mode is aiso useful 10 sense seismic signals, as for example as linear arrays inserted into casing
structures of an existing oif welis. Predetermined artificial pressure wave producing shocks are imparted into the
ground, and the responses from the sensor are used to locate secondary oll deposits. The acoustic pressure wave
sensing mode is further useful for employing span § as an array of virtual hydrophones, with the media which
coupies the signals o the hydrophones at least in part being the body of water in which the array is immersed.
Such hydrophone arrays find use as naval undersea warfare towed arrays, or towed geophysical exploration
arrays. In the latter the arrays respond to artificially produced shocks of predetermined character and location
induced in the body of water, and the response of the array o bottom return signals are used to locate ocean
bottom geophysical feature indicating likely presence of an oil deposit. Yet further, a sensing position on a fiber
span § could be used 1o receive a5 an input microphonic signals suitably imparted to the region of the sensing
position. The electromagnetic field sensing mode of fiber span 8§ could be usad for monitoring elecironic signals
along a telecommunication cable’s span to localize malfunctions. Responses of fiber span 8 to mechanical,
pressure or thermal strains can be used in systems for monitoring such strains.

{01181 The composite lightwave propagates up the optical fiber or medium 8, passes through optical coupler,
beamsplitter or circulator, 7, to optical pathway, 11. Optical pathway, 11, passes the backscatiered, time-delay
multiplexed, composite lightwave, Egy(l), to the oplical receiver, 15,

[01191Preferably, fiber & is of the relatively low cost, conventional single-maode or multimode, fiber cable types.
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{01200 Further it is preferable that fiber § have extruded thereon a coating 12 of a material which enhances the
fongitudinal strain which the fiber undergoes from a given radially, or generally laterally, applied pressure wave
strain. Materiais which provide such enhancement include extrudable thermoplastic polymers (TPU's) or
extrudable thermoplastic elastomers {TPE's) which exhibit a combination of a low Young's modules (E) and a low
Poisson’s ratio {(8). The Poisson's ration is preferably below 0.5, which is the Poisson's ratio of natural rubber,
Examples of such materials include: () low densily polyethylene, having characterigtic £=1.31
dynes/em@gtimes; 10080510 dand 4=0.445; and (i) polystyrene, £=3.78 dynes/cnmt? Jand 5=0.35 (values as
raeported in the paper, R, Hughes and 1. Javzynski, "Static Pressure Sensitivity Armplification in Interferometric
Fiber-Optic Hydrophones,” Applied Optical/Vol, 19/No. 171 Jan, 1980).

T01211An alternate embodiment of fiber 8, albeit involving significantly greater cost per unit tength of the fiber, is
to provide fiber in the more expensive form of a polarization preserving or single polarization, optical fiber, The
polarization praserving fiber of this type holds the backscattering light in & narrow range of polarization states s0
that a substantially single RF signal 21 enters a single set 23 of correlators, reducing the complexity of the
system. However, in cases involving long surveiliance lings this aliernative embodiment becomes expeansive in
cost of fiber,

(012271 The correlation code generator 53 creates a signal, ¢(t), that has a broad bandwidth. The broadband
nature of the correlation code is required to obtain the desired properties in the signals autocorreiation function,
The calculation and definition of the autocorrelation function of any general signal is well known and defined in
signal processing literature. The correlation code signal, oft), I8 so structured that s autocorreiation function ig
highly peaked at zero delay, and is very samall away from zero delay. This oriterion is well known 1o those of skill
in the art and is the essence of why the correlation code has a broad bandwidth, Any signal that has the desired
autccorreiation function properties ¢an be used as the correlation code in the invention, There are many reasons
for choosing one correlation code over another: ease of craation; autocorrelation properties; cost of creation
hardware; cost of correlation hardware; and effectiveness in producing spread spectrum signal effects, According
to the teaching of the invention, the correlation code for the invention can be a binary sequence with a desired
transorthogonal autocorrelation property (sometimes called a pseudonoise sequence), a pseudorandom number
{PRN) sequence with the such desired autocorrelation property, chirps, or other types of signals which provide
correiations code having predicable non-repetitive behavior. The foregoing list of types of sequence signals which
may be emploved to modulate the carrier lightwave signal includes both “hinary pseudonoise seguenceas”™ and
“pseudorandem number (PRN) sequences.” For purpases of construction of this specification and the appended
claims, these terms are emploved as they are definad under the listings "Peeudongise (PN) sequence
{communication satellite)” and "Pseudorandom number sequence” at pages 747 and 748 of the “IEEE Standard
Dictionary of Electrical and Electronic Terms” (Fourth Edition), which listings are hereby incorporated herein by
reference. Further for purposes of construction of this specification and the appended claims, it is deemed that
“hinary pseudongise sequence” is generic and “pseudorandom number sequence” 5 a species thereof, Still
further for purpoeses of construction of this specification and its appended claims, both terms are deemed 1o
inciude analng signal forms of sequancas as well as digital signat forms.

(012311 is to be appreciated that in addition to its correlation encoding function, master correlating code
generator 83 is a source of a spectrum-spreading signal comprised of a spectrum-spreading signal which
produces an autocorrelation that i well behaved, It has ong dominate maxima at zero corrglation delay, and its
spectrum is large encugh o provide sampling of the said optical fiber spatially giong the length of the fiber & with
a resolution commensurate with a sub-length &Delta; £ of fiber span 8. These characteristics enable segmentation
of an optical fiber & of span length L into n segments in accordance with a relationship

L<&Delta; 2&middot; n. &emsp; Biemsp; (40) In this relationship &Delta; 2 s a segment length of the fiber span
whose length is one-half the distance traveled by light propagating through one zerg delay temporal time span of
the autocorretation maxima, &Delta; T, such that G s the speed of light in the said optical fiber and &Delta; T is
approximately equal to the reciprocal of the spread signal optical bandwidth.

[01247An iHustrative embodiment of genarator 53 is a shift register type pseudorandom number code generator,
having n bits, wherein a code is generated that satisfies said resolution sublength and segment length
refationship by choosing an appropriate combination of the number of it bits and the clock time.

[0125TThe temporal length of the code sequence which is reiteratively produced by generator 83 may be either
fess than the time period for propagation of a lightwave to the remote end of span and propagation back of a
hackscattering (i.e. distance of fiyback travel), or greater than this time period. It cannot be equal to this period,

(01267 The predetermined timing base emploved by the source of the spectrum spreading signals, which
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determines the length of &Delta;Z segment s s¢ chosen o provide a positive enhancement o the ratio of the
power of back propagating Rayieigh scattering effect P (to the power of the forward propagated Rayieigh
scattering effect Prpys in accordance with the foliowing eguation:

[01271PrPtaal; [dB]=-70+ 10&t; loglgaf; (&Delta; &it; &it; L) -&Delta, 834 &I, Z100.(41
zet Mathematical Eguation

[0L281h. Laser Phase Locking Means,

for2oiRefer to FIG, 3. Local oscillator laser, 45, generates a local oscillator Hghtwave, The tocal oscillator
Hightwave propagates from local oscillator laser, 48, to optical coupler or beamsplitter, 43. The optical coupler,
43, splits off the smaller portion of power of the local oscillator Hghtwave into optical pathway, 41, Optical path,
41, propagates the smaller portion of the local oscillator lightwave to the phase locking means optical receiver,
35. The larger portion of the power of the local oscillator lightwave is split off by optical coupler 43, and passed
to optical path 13. Optical pathway, 13, propagates the larger portion of the local oscillator lightwave to optical
receiver, 18, The phase locking means oplical receiver, 38, receives and interferes the transmitter lager
ightwave from optical pathway, 3%, and the local oscillater lightwave from optical pathway 41. The receiver 35
interferes the reference lightwaves from lasers 3 and 45 producing an electrical output which is a radio frequency
wave on electrical pathway, 33, The electrical cutput, 33, provides an electronic beatl frequency which directly
indicates the difference in optical frequency and phase belween lasers 1 and 48, Phase locking circuitry 31,
empioying a conventional phase lock loop mechanism, controls the difference in frequency between laser 1 and
45 and phase locks the two lasers to a fixed frequency and phase relationship as indicated by the dashed line
between circuitry 31 and ocal oscillator laser 45, The radian frequency difference is &Delta; &omega; as
discussed early in the text, The purpose of the laser phase locking means is to insure that the local oscillator
ightwave traveling on optical path, 13, into optical receiver, 15, has the proper phase and frequency relationship
to the composite lightwave on optical pathway, 11, It is to be appreciated that the phase locking mechanism also
acts cooperatively with phase demodulator system 88 0 be described later herein. Conventionally, a common
master cock oscillator 311, FIG, 7 provides the timing base for both phase locking circuitry 31 and an 1 & Q
demoduiator 346, FIG. 7.

[0EL30IRefer to FIG. 3. The composite lightwave on optical path 11, is an input into opticat receiver 15, The local
oscillator lightwave on optical path, 13, is alse an input into optical recaiver, 15, The local oscillator and
composite lightwaves are interfered on photodetectors producing an electronic signal which electronically
represents the heterodyned optical interference power batween the two lightwaves, The resulting compaosite radio
frequency signal at cutput, 17, represents electronically the composite ightwave signal on optical path, 11. The
composite electronic receiver signal is passed from optical receiver gutput, 17, through amplifier, 18, via
glectronic path, 2%, 1o the correlator system, 23, The iccal osciliator lightwave on optical path, 13, is interfered
with the composite lightwave on optical path 11, The interference power is photodetected in optical receiver, 15,
by optically interfering the composite back propagating lightwave on the local oscillator signal, As one of the
components of this interfering action, there is produced a difference beat signal which is a compuosite radio
frequency representation of the composite light wave on opticat path, 11.

[0L3 1T his interfering of the local oscillator output lightwave 13 and the composite back-propagating CW
ightwave 11 provides the translation of signal 11 from the optical domain to a CW radic Trequency {r.f.)
composite difference beat signal 17, This reduces the frequency of signal 15 into an electronically processable
signat frequency range. 1 is o be appreciated that an important aspect of the present invention that the r.f.
composite difference signal produce by this translation action includes having counterpart components of the
aforesaid components of the composiie back-propagating Hghbwave signal, with the phase states of these
counterpart r.f. domain signais the same as the phase states of the corresponding components of the back-
propagating lightwave,

[01321In accordance with the present invention, [asers 3 and 48 are to have sufficiently stringent high
performance capability with respect 1o exactness of frequency to enable interference effects therebetween and
haterodyne detection of acpustic perturbation signals incident to fiber § o produce beat fragquencies within the
radio frequency {r.f.} range. Also in accordance with the present invention, lasers 3 and 45 have stringent
performance criteria with respect to the phase stability, or coherence, of their beams. They are {0 be
substantially coherent over al ieast a propagation path distance substantially equal to twice the length, L, of
sensing fiber 8. For example, a commercially available non-planar, ring laser {e.g. Lghtwave Electronics Corp.
Model 125) would be suitable for an intruder sensing perimeter intrusion monitoring fiber 8 having a length of 8.0
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kmn {approximately 5 miles). The laser beam of this commercially available laser, which is in the near infrared
range, has a frequency of 227 terahertz, or 1319 nanometer wavelength, and has a frequency stability accurately
within one part in a billion over 1 millisecond period, or 5 Kilohertz in a8 1 millisecond period.

[01331H is to be appreciated that the provision of such frequency and phase stability of lasers 3 and 458 enables
implementing the phase locking to produce a sufficiently small non-zero radian phase locking circuitry 31, This in
turn enables lasers 3 and 48, under regulation by phase locking arcuitry 31, to provide a pair of beams which
are phase iocked and with a "non-zerg &Delta; &omega ;" sufficiently small to enable a heterodyne-mode oplical
receiver to provide the desired beat frequency outputs in the rf, range. It is understood that laser 45, optical
receiver 38, circuitry 31 and beamsplitter 43 could be replaced with an apparatus applying the non-zero
&Deita; W to the beam from optical pathway 38 o give the same resull. The returned interrogation optical
composite wave is defined in the preceding subsection 3(g) "Optical Transmitter and Time-delay Multiplexing
Process” of this DESCRIPTION OF THE PREFERRED EMBODIMENT,

[01341n the preceding section (L) "Descoription of Underlying Theories” of this DESCRIPTION OF THE PREFERRED
EMBODRIMENT there is a definition of "non-zero &Delta; &omega;” and a mathematical demonstration of iis
importance in the heterodyne mode of interfering. It maksas it possibie 1o use relatively simple processes to avoid
fading. By way of contrast, fading with the “zero &Delta; &omega;” homodyne mode of interfering would entail
miuch more difficult and less effective fade avoidance processes.

{0135}, Correlation Time-Delay Demultiplexing.

[0L36Refer to FIG. 3. The composite radio frequency signal on electrical path, 21, is input into the correlator
system, 23. The correlator system delays the master correlation code generator output, 51, an appropriate
amount and correlates the delaved corralation code with the composite radic frequency signal, This produces
electricat oulputs OOy -« Qg worresponding to signals S5y, -+ - Sy 10 turn corresponding to spatial
delays Legy Loy - - bgnye The spatial delays Lo by, - L oare arbitrary and programmable, The electrical
output O¢g yoorresponds to B(LLyy) referred 1o in the preceding subsection 2{a}.

(01371 The correlation process is well understood in the literature. The signal that represents the backscatterad
optical wave in array, 9, that is passed from the optical receiver 15, to the correlator system 23, containg all of
the information for all sensors or channels 5¢13,5(2 ).« - . S¢p)at once on the electronic signal path 21 entering
the correlator 23. Because the backscattered composite signal is modulated with the correlation code by
maodulator &, the backscattered light is time structured with the time structure of the correlation code. Because
the correlation code iz selected to have special autocorralation code properties, the time structure of the
correlation codes allows an electronic representation of the backscatiered light at positions Ly by - o bnio
be obtained via the correlation process in the correlator 23, In a praferred embodiment of the invention the
master code generator 33 is a shift register type pseudorandom number (PEN) code generator and each
correigtor of the set 23 would be g correlation type demodulator herein later described in greater depth. Code
generator 83 may alternatively be embodiad as a binary sequence having transorthogonal autocorreiation
properties {(binary pseudonoise sequence)’ and each correlator would then be a correlation-type demodulator for
demgodulating a binary pseudoneise sequence, whose implementation would be understood by those of skill in the
art. The correlator uses the reference correlation code from correlation code generator, 53, which is passed via
electronic path 81 o the correlator, 23, as a “golden ruler” enabling sorting out by temporal and spatial domain
demultiplexing electronic representations of the backscatiering optical signals at sensors or channels ;1,502 ), -
- Seny. Various delayed versions of the correlation code are multiplied by the composite signal with alf of the
sensor or channel signais pregsent simuitaneously, from elecironic path 21 so that the electronic representations
of the sensors or channels S¢1y,5¢z ). - - 5S¢y yare outpul from the correlator, 23 on signals Oy, 00y, - Oy ywith
raspect to the index.

(0138 Carrelator system 23 is an electronic spread spectrum signal de-spreader and temporal and spatial domain
de-muitiplexer of the r.f. signal counterpart to the optical composite signal. Iis input is coupled to the amplified
outpul 21 of the heterodyner and pholodetecior, and it is operative in cooperation with said source of spectrum
spreading signals o perform a coherent signal correlation process upon the r.f, counterparts of the aforesaid
one” and the aforesaid "still another” components of the composite back-propagating CW lightwave, This causes
the de-spreading of the r.f. counterpart of the optical reflected spread spectrum signal and causes the temporal
and spatial demultipiexing of the r.f. counterpart of the "stilf another” component of the composite r.f. signal.
This processing provides signals which temporally and spatially sort the said “suill ancther” component info n
virtual sensor signal channels, or stated another way n of each of the &Delta; 2 length measurement regions,
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measuring the induced optical path change at each of the n &Delta; Z-length segments of the optical fiber span 8.

[0E3SHT will be appreciated that this sorting process is accomplished by the autocorrelation properties of the
spectrum-spreading signal and by the time of flight of the oplical spectrum-spreading signal down to each nih
reflection segrment and back to the heterodyne optical receiver 15, A delaved replica of the spectrum-spreading
signal is correiated against the r.f, signal counterpart of the optical composite back-propagating signal, thereby
segrmanting the optical fiber into n independent segments, or virtual sensors, via the time of flight of the optical
composite back-propagating signal and the autocorrelation function of the transmitted spectrum-spreading signal,

[0L40TH is to be appreciated that system 2 is operating in the spread specirum transmission and reception
maode. Namely, by providing optical interrogation light wave, E¢yy{1), with modulation by the correlation code,
c{t), the continuocus wave carrier signal s temporally structured into 2 spread spectrum interrogation Hghtwave
which continucusly reiterates autocorreiatablie code seguences. Then after correlation system provides an
appropriate time of delay the correlator system 26 correlates the backscattered lght wave E{b)(t) with the samse
output, o), of code generator 83, de-spreading the spread spectrum signal.

f0141tin accordance with well known communication electronics theory this has the effect of increasing signal
outpul of the ROSE sensor system while the noise bandwidth remains the same. In temporally and spatially
sorting the r.f. counterpart of the aforesaid “still another” component of the compasite hack-propagation
ightwave, the aforesaid "ancther” component of undesired noiseas, such as refiections from couplers in fiber span
g, are materially attenuated.

(0142 More particularity, in accordance with this well known theory, the signal-to-noise ratio (SNE) is enhanced
by considerable attenuation of noise meachanisms in frequency ranges outside of center frequency lobe of the
autgcorreiation function and outside the pair of first side lobes 1o one and the other side of the center freguency
iohe.

[01451AR iHustrative embodiment of electronic spread spectrum signal de-spreader and spatial de-multiplexer for
cooperation with the previously describad shift ragister type PRN code generator may comprise a saries of n like-
shift register code generators respectively receiving the spectrum spreading signal through a corresponding
series of n feed channels which cause delays which incrementally increase by an amount of time bearing a
predetermined refationship to the fiber span length, and Cqyy, the speed of light through the fiber. The composite
r.f. signal is fed to a corresponding series of n multipliers connected to receive as the other multiplier the codes
generated by the regpective de-spreader and demultiplexer to thaereby provide the de-spread and de-mutltiplexed
signal.

{01441d. Heterodyne Phase Damaodulation.

[0LA5IRefer to FIG. 3. After the composite radio frequency signal on electrical path 21 is correlation time-delay
demultiplexad by the correlator system, 23, the plurality {which upwardly may include a very large number, for
instance 5,400} of outputs Oy, Orzy. . - Ogyy, on the plurality of electrical paths 8%, 63 and 85 respectively are
phase demodulated by a plurality of individual phase demodulations in the phase demodulator system, 88, The
outputs of the phase demodulator system, §8, are the corresponding plurality of electrical paths 71, 73, and 75.
The phase demoduiator outpuls 71, 73, and 78 correspond to the correlator outputs (Oppy, Oz . - Oy 81, 83
and 88 respectively, and o the corresponding plurality of corresponding signals Seqy, Seo . 0 5 yrespectively
corresponding to spatial defays Ly, Lz - - Lyn yrespectively. The cutputs 71, 73, and 78 electronically indicate
{with tens of lilohertz potential bandwidth) the phase states of oplical signals S¢qy, 5¢2y. - - Sy In particular,
outpul 71 is proportional to the temporal phase &Phi; ¢y yof B(Y, Ly} hereinbefore discussed in subsections (i)
“Correlation or Time-delay Multiplexing” and 3(c} "Corrslation Time-Delay Demultiplexing” of this DESCRIPTION
OF THE PREFERRED EMBODIMENT. The phase demodulator cutputs 73 and 78 indicate the temporal phase
states &Phi;; yand &Phi;yof Bt Loy) and B (Li,)) respectively,

[0146%e. Fading Free Polarization Processing
(0147 Preferably system 2 further includes polarization signal characteristic processing functions (not shown),

which are used together with the previously described feature that the heterodyning function provides in reducing
fading, of the backscattering signal, Eqpy(1}. These polarization processing functions are disclosed in the
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commonly assigned U.S. Pat. No, 6,043,921 entitled “Fading-Free Optical Phase Rate Receiver,” hergby
incorporated herein in its entirely. The optical heterodyning feature which provides benefit in reducing fading
mcludes: (i) cooperation of phase locked lasers 3 and 48 in the Tormation of the optical interrogation light wave,
E13(t), applied to oplical fiber 8, or other linearly extended light propagation medium producing Rayleigh effects
backscattering, and (i) the manipulation of this by optical receiver 15 to provide the composite electronic receive
signal as optical receiver oulput 17, This takes advantage of the feature of more favorable Heterodyne fading
conditions in & way, in which polarization and phase state signal fading is materially reduced in the detected
backscattered light wave Eqy{t). The electronic decoding moduie 700 of U.5, Pat, No. 6,043,921 is substantially
an eguivalent to the correlator system herein. However, the system disclosed in LS. Pat. No, 6,043,921 for
implementing polarization fading reduction (if not substantially eliminating fading) is a generalized stand alone
system for processing any optical phase signal having temporally varving polarization, phase, and phase
frequency. It must be adapted for application to system 2 by appropriate integration into system 2 included the
two following alternative approaches.

[014810ne approach for such adaptation passes the fade-free optical phase rate {FFUOPR) photoreceiver RF signal
to the correlator 23, performs the correlation on the RF signal and compietes the Phase Demodulation by In
phase and Quadrature phase (hereinafier I & Q) demadulating the correlated RF signal into outputs, This method
cregtes low bandwidih I & @ components and therefore reguires fow bandwidth analog-to-digital converters
{implying a requirement for a large number of analog RF correlation alectronic components), This RF correlator
approach requires two correlator circuits for every virtual sensor element, or spatial channel, along fiber 8. One
correlator is neaded for the vertical polarization RF signal path and one correlator is needad for the horizontal
pofarization RF signal path.

{0149%Another approach applies the 1 & § demodulator of FIG. 7 of the LS. Pat. No. 6,843,921 prior to
correlation. This approach therefore correlates a wideband set of four 1 & ¢ signals, One 1, , set is for horizontal
pofarization and the other I, Q, set is for the vertical polarization. Inthis case the I & Q signals arethe 1 & @
signais for the whole virtual array rather than for one virtuat sensor element of the array. Four correlators are
required for each sensor element, One correlator is applied to each of the four wide bandwidth [ & § signals for
each virtual sensor elemant. This second approach raguires very widaband analog-to-digital converters, but
allows digital correlators o be used instead of analog RF correlators. The RF correlator or first approach requires
far more analog to digital converters and RF electronics. The digital correlator approach enables the correlators to
be implemeanted by the digital approacheas of massively integratad logic circuits and/or programmed processors,
requiring far more digital logic, but substantially reducing the r.f. electronics and number analog-to-digital
converter units in the svsiem.

{01507, Phase Differencing

(0151 Refer to FIG. 3. The plurality (which upwardly may include a very large number, for instance 5,000) of
signals indicaling the phase states &Phiy gy, &Fhiyg,y. . &Phig, on electrical paths 71, 73 and 7§, respectively,
are input into the phase differencer, 99, The phase differencer forms a corresponding plurality of outpuis 81, 83
and 8% which are arbitrarily and programmably assigned as the subtractions of any two pairs of phase signals
BFhb o yand &Phijg y(where fand k are selected from 1, 2. 0, n}.

{0152]Each of the programmably selectable pairs of differenced phase signals form a signal &belta; &Phi;
ywitich is spatially bounded within the region of the fiber between lengths Ly yand Ly, The phase differencer
therefore produces differential phase cutputs corresponding to a set of programmabie length and position virtual
SENSOrs.

(0153 15tated another way, each programmable selection of pairs of phase signals forms a virtual spatial
differantial sensor which senses the difference between the phases of the &bDslta; &omega; ocutput of the
photodector sub-system (which is the subject of the next subsections) in receiver 18, Each &lelta; &komega; is an
r.f. difference beat signal representative of the aforesaid "still another” component of the composite back-
propagating CW lightwave signal which passes from the launch end of fiber span 8 to directional coupler 7. These
signais from each pair therefore represent signals of virtual spatial differential sensors along fiberspan 8. As 3
result of the choice of pairs being selectively programmable these virtual sensor can he emploved to implement
adaptive apertures in processing signal incident the fiber span. This feature would be useful, for example, in
enabling security sysiem operators to classify ohijects causing acoustic pressure wave signals incident up a fiber
span § used as a perimeter intrusion monitoring line,

[0i541g. Optical Detector Sub-Systen.
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(01551 The optical receivers 18 and 38, FIGS., 3, 4 and 3, are comprised of photodetector sub-systems. Any of
the many weall known photodetecting techniques and devices may be employed. Possible implementation of the
photadetection sub-systemns will now be discussed.

(0156Refer to FIG. 4. Like parts correspond 1o like numbers. Optical signals enter the pholodetector sub-system
via optical paths 181 and 183 which are extensions of the paths 11 and 13 in the case of recaiver 18, and (not
shown) of paths 38 and 44 in the case of subsvstem 38, The oplical signals are eqgually spiit by optical coupler or
beamsplitter, 108 . The optical signal on path 187 is composite signal comprised of half the optical power of path
181 and half of the optical power arriving on pate 103, The optical signal on path 107 is iHluminated on optical
detaector 111, The photo-current of optical detector 111 Tlows into electrical conductor 118 . Likewise, the optical
signat on path 189 is comprised of half the optical power on path 181 and half of the optical power on path 183,
The optical signal on path 148 is illuminated on optical detector 113, The photo-current of gptical detector 13
flows out of electrical conductor 11%. Therefore the photo-currents of optical detectors 111 and 113 are
subiracted at electrical conductor or node 115,

(057 Photo-detectors 111 and 113 are precisely matched in responsivity. The differential photocurrent on
efecirical conductor 118 is input into pre-amplifier 117, amplifier and is passed to electrical output 118, The
differential nature of the photo-detection rejects either of the seif-optical interference power of the signals on
paths 101 and 103 and receives only the oross-interference power between the bwo optical signals on paths 141
and 103, This particular optical delector architecture is called a balanced heterodyne optical detection scheme.,
The scheme is 3 dB more saensitive than all other heterodyne optical detaction methoeds and offers the disting
advantage of rejecting local oscillator noise.

[0i58IRefer to FIG. 5. FIG, 5 Hllustrates an alternative photo-detection scheme to FIG. 4. lightwaves enter the
receiver at paths 101 and 143, The optical coupler or beamsplitter 168 combines the lightwaves on paths 181
and 183 into a composite lightwave on path 187 . The composite lightwave on path 187 illuminates optical
detector 111. The photo-current of optical detector caused by the seif-interference and cross interference of
Hghtwaves griginating from optical paths 181 and 183 passes through conductor 1184, is amplified by pre-
ampiifier 117 and is passed o electrical outpul 11%.

{01597 The optical detector sub~-system of FIGS. 4 and 5 correspond o optical receivers 15 or 35 of FIG. 2. Paths
181 and 183 correspond to 11 and 13 and outpul 118 corresponds outputs 17 in optical recaiver 15, Paths 141
and 103 correspond t0 3% and 41 and output 118 corresponds o culput 33 in oplical receiver 38, Either of the
photo-detection schemes of FIG. 4 or § can be used for the optical receivers 18 or 38. However, the
photodetection scheme of FIG. 4 is preferrad,

(3160%h, Programmabie Correlator System

fOLeliRefer to FIG. 6. The composite radio frequency signal, or r.f. composite reference beat signat, which
elecironicalily represenis the received time-delay muitiplexed optical signal, or composite back-propagation CW
ightwave, Eqpy(1), is input into the correlator system, 23, at electrical input 21. The composite radio frequency
signal is n-way split with power spiitter 283 into & plurality (which upwardly may include a very large number,
for instance 5,000} of electronic pathways including 211, 213 and 2158, The master correlation code, cft), is
input into the correlator system, 23, at electrical input 4. The correlation code is distributed to such a plurality
of programmabie delay circuiis including 221, 223 and 225. Each programmable delay circuit delays the master
correiation code by the delay required to decode/demultiplex each time-delay multiplexed channel. The pluratity
of programmabie delay dircults including 221, 223 and 228 outputl a plurality of delayved correlation codes
including those on electrical pathways 231, 233, and 2235 respectively. The corresponding plurality of delayed
correlation codes including those on electrical pathways 231, 233 and 238 are multiplied by a corresponding
purality of multipliers {(or balanced mixers) including 241, 243 and 248, respectively, by the radio frequency
signat on the plurality of elecironic pathways induding 211, 213 and 218 which are amplified by a corresponding
plurality of amplifiers including 261, 263 and 2885, respectively, to produce the corresponding plurality of
outputs including Oy, Oy, and Oy y{on lines 81, 83 and 85 respectively, Each of the outputs therefore
produces the corresponding demulitiplexed signal which is time-gated by the corresponding time-delay of the
correiation code. The correlator system 23 of FlG. 6 is an exampie implementation of the correlation system, 23,
of FIG, 3.

[0164 ] The sutput Ogg ycorresponds to signal B{t, L 1y} which is hereinbefore discussed in subsections 2{a) "ROSE
Optical Phase Sensor Interrogation tnables Sensor System” and 3{¢} "Correlation Time-Delay Demultiplexing” of
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this DESCRIPTION OF THE PREFERRED EMBODIMENT, The output Or1),0py. - . O yon lines 81, 83 and 88,
respectively, correspond 1o signals 51y, 5¢2 )« « S¢n ywhich in turn are based upon the spatial delay asscciated
with distance Ligy by o oo L indicated in FIG. 3. These spatial delays are based on the time of propagation for
fiyback travel along these distances, which are arbitrary and programmable. The time delay multiplexing of the
optical signals comprising the composite back-propagating optical signal on path 11, FIG. 3, arise from a plurality
{which upwardly may include a very large number, for instance 5,300) of spatial locations causing a like plurality
of time-delays, The correlator system spatially separates the components of the r.f. composite difference beat
signat into channels which each uniguely represent an opticat signal at a single spatial location,

[01631The correlator system allows the spatial sampling of the optical signals so that a virtual array can be
formed along the fiber span 8 on FIG. 3.

{01641, Phase Demodulation System

(01651 The embodimeant of phase demodulator system, 88, of FIG. 3, has two uses in system 2. It either: {0
receives the outputs of the just described .1, correlator subsection 23, or (i) is part of the integration of the
polarization fading reduction system of 1.5, Pat. No. 5,043,921 {(as discussed in the preceding subsaction 2(e)
“Fading-Free Polarization Processing” of this DESCRIPTION OF THE PREFERRED EMBODIMENT, Refer to FIG. 7.
The phase demodulation system, 8§86, is comprised of a plurality (which upwardly may include a very farge
number, for instance 5,000) of phase demodulators, 81, 83 and 85, The inpuls to the plurality of phase
demodulators, 1, 63 and 63 {the correlator outputs O¢yy, Oy, - . O ydiscussed previously) are phase
demoduiated with phase demoduiators 81, 83 and 8% respectively. The cutputs of these demodulators are
passed on electrical pathways 71, 73 and 78 respectively.

foroelRefer to FIG, 8. An example block diagram of any one of the just discussed phase demodulators 81, 83
and 8% is shown as part 308, The input electrical path 381 corresponds to any one of electricat path 81, 63, 685,
ete, of the plurality of phase demoduiators. The guiput electrical path 318 corresponds to any ong of electrical
path 71, 73, 75, etc. of the plurality of phase demodulators. A correlation systermn output such as Oy, O yor
O¢n yis passed via electrical path 301 into a bandpass filter 343, The bandpass filter 303 passes only & band of
radian frequendcies in the vicinity of &Delta;&omega; so that only B{I,Lwy) passes through the filter (where m s
an integer corresponding to the particular channel), The band passed signal passes from 303 via electrical path
305 to amplitude control 307 . Amplitude control 387 is either an analog automatic gain control circuit, an
slectronic dipper circuil, or a combination thereof. The amplitude control 387 removes amplitude variations due
to polarization fading or other types of signal fading. Because the signal, BIL L) is a result of a heterodyne
interference, the phase remains the same after clipping. It is to be appreciated that other phase demodulation
schemes for fiber oplic signals use a phase carrier technigue which does not allow the dipping operation. Clipping
is a preferred amplitude control mechanism. The amplitude control 307 passes an amplitude stabilized signal via
electrical path 30% to 1 & Q demoduiator 311. The [ & Q demodulator remoeves the carrier, that is it shifts the
center radian frequency of the ampiitude stabilized Bt Limy) from &Delta;Gomega; down to zero, The 1 & G
demoduiator outputs a voltage proportional to cos{8Phi; iy} on electrical path 313 and a voltage proportional to
sin(&Phi; () on electrical path 318 . The cos(8Phi;my) and sin{&Phi; ) proportional voltages on electrical paths
313 and 315 respectively are converted in an output signal proportional 1o &Phij iy yon electrical path 318 by
the phase detector 317,

[0LE7 IReviewing the previous discussion, the plurality of phase demodulators 81, 83 and 8% of FIG. 7 each
function like the block diagram of 388 on FIG. 8, The plurality (which upwardly may include a very large number,
for instance 5000) of phase demodulators 300 convert to a like plurality of signais B{tLiy), B{L, L) . -
B{t.Lyny) into 2 like plurality of signals proportional o &Phij gy, &Phijn .. - &Py, ywhich correspond to optical
signals Sey, Sz y - - Sy

(0168, 1 & G Demodulator.

[01691An example implementation of the T & Q demodulator 311 of FIG. 8 will now be presented. Refer to FIG,
2. An ampiitude stabilized B{t, L)) signal (originating from the amplitude control 387 of FIG. &} is passed on
electrical path 308 1o a power splitter 403, Half of the signal power exiting from power splitter 443 is passed to
analog mixer, halanced mixer, Gilbert celf or analog multiplier 413 vig electrical path 411, The other half of
signal power exiting form power splitter 483 is passad o analog mixer, balanced mixer, Gilbert cell or anaing
rowitiplier 423 via electrical path 421,
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(01707 The reference oscillator 451 generates an electronic wave proportional to cos{(&Dealta; &omega;t), As notad
earlier herein, this reference oscillater is also the oscillator emploved in the conventionai phase fock mechanism
establishing the fixed phase relationship between the frequencies of primary laser 3 and local oscillator laser 48
whose differences in frequency, &Delta; W, are of a very low order. In aocordance with known principles of
heterodyning lightwaves having Tixed phase relationships, heterodyning these signals can produce a difference
beat signal small enough 1o be in the r.f. signal range, but with the frequency difference sufficiently high t©
provide the heterodyning with a band pass allowing transforming a given binary code rate into corresponding
code components of the beat signal, such as the code rate of the PREN code sequence produced by PEN code
generator 83, This reference oscillator wave s passed from the reference oscillator 4581 via the electrical path
453 to amplifier 455, The wave is amplified by amplifier 455 and passed to hybrid coupler 45% via electrical
path 447. The hybrid coupler splits the amplified reference oscillator electronic wave into two components oneg
proportional to cos{&bDelta; &omegat) on electrical path 417 {providing the 17, or In-phase reference); and one
proportional to sin{&Delta; &omega;t) on electrical path 427 (providing the "Q7, or Quadrature-phase reference).

(0751 The Tn-phase reference on electrical path 417 is multiplied (or frequency mixed) with the signal on
electrical path 411 by multiplier 413 to produce the cutput on electrical path 415, The signal on electrical path
415 is amplified by amplifier 431 and passed to electronic lowpass filter 438 via elecirical path 433, The
fowpass filter 438 removes high frequancy componants of the multiplication or freguency mixing process and
resuits in an output at electrical path 313 which is proportional 1o Cos(&Phi; my).

(0172 The Quadrature-phase reference on electrical path 427 is multiplied {(or frequency mixed) with the signal
on electrical path 421 by multiplier 423 to produce the cutpul on electrical path 425, The signal on electrical
path 425 is amplified by amplifier 441 and passed to slectronic lowpass filter 445 via electrical path 443, The
lowpass filter 443 removes high frequency components of the multiplication or frequency mixing process and
results in an output at electrical path 318 which is proportional to sin{&Phi; ).

{01731k, Phase Detector

(0174 Example implementations of the phase detection 317 of FIG. 8 will now be presented. Refer to FIG, 10, An
example digital phase detector implementation, 317, is shown in the block diagram. The signal proportional to
cos{&Phi;my) on electrical path 313 is converted to a digital code or number by analog-to-digital converter
{hereafter, A/D) 813, The digital number proportional to cos (&Phij ) is input into the digital signal processor
501 via electrical path 5185, The signal proportional 1o sin (&Phi;(m)‘) on electrical path 318 is convertedto a
digital code or number by A/D 523 . The digital number proportional to sin{&Phi; () is input into the digital
signal processor, 881, via electrical path 825, The digital signal processor converts the numbers proportional 1o
sin (XPhi; ) and cos (BFhi;my) into a number proportional 1o &Phi; .+ jas follows,

[017515uppose the constant of proportionality for the sin(&?hi;(m)} and cos (&Phi;<m)) s Vimy Then the digital
signal processor can optimally select estimates of &Phi;(m )and Vim yto minimize the calculated error function:
&epsiv;({cireumflex over (&Phi;) 1w foircumilex over (V)] imy)={{ Vim yos{&Phi;imy)&minus; { cireum flex over

(¥} (m ycos([circumfles over (8PN Yl ) Y94 { Vi 1SIn(&Phis g &minus; { circumflex over (V) ]im

\SIN{&PhE )3 (8 Bemsp; lemsp; (42)

(0176 The digital signal processor can also calculate &Phi; o ydivectly by taking the inverse tangent function or
the inverse cotangent function;

[O177718FPh m=agit; Xt tangal; (Vm&dt; sinkat; (XPhi; mVm&dE coskaf {&Phi; m)) =adit; it cot®af; (Vmait; cos&af;
{(&Phi; mIVmait; sin&af; (&Phi;m){43)
Get Mathematical Eguation

[01781If desired, the digital signal processor can also implement the diferentiate and cross multiply (hereafter
DCM)Y algorithm, The DCM method is as follows, The digital representation of the signals proportional to sin
(&Phi;(m)) and cos(&?hi;(m)} are temporally differentiated and cross multiplied by the non-differentiated signais.
The result Ugyy(U) is integrated to produce the desired output, &Phi; (). Mathematically, this algorithm is:

TOL79TUmEal (D=0 Vm&dt; sinal; (&Phi; m)&iL &part; &part 18I (Vma&it; cos8af; (&Phi; m) - &ib, Vm&it; coséaf;
{(&Phi:m &t &part; &parh t it (Vim&it; sin&at; (&Phirm N UmRat: (O =& Vm2&af; {(cos&al; (&Phi;m) 2 + {sin&af;
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(&PRh M) 2&E: &part; &Phi; m&par tUm&al (=& Vm2&it &part; &Phi; m&part tPhi: m=&it; IVmM2 &t ?Um&af;
(Dyait; &part;t.{(44)

Get Mathematical Equation

The digital signal processor 301 converts the signals arriving on electrical paths 815 and 3238 into a digital
cutput proportional to &Phiiy, yon electronic path 593, Optionally, the digital cutput is passed on electronic path
508 to some other data sink such as a computer memaory. The digital signal proportional to &Phi; y, yon
elecirgnic path 583 is converted back to an analog signal on electrical path 318 by digitai-to-analog converter
587. By way of a summarization, the example digital phase detector 317 accepts inpuls 313 and 3158 which
originate from the I & Q demodulator, 311, of FIG. 8, and the digital phase detector 317 outputs the phase
signat &Phi; yon elecirical path 318, Optionally, any of other well-known implementations of digital phase
detectors may be emploved.

{0180 Refer In FIG. 11, An exampie anaiog phase detector implementation, 317 8&prime; is shown in the block
diagram. The example analog phase detecior 317 &prime; shown in FIG, 11 implements an analog version of the
DCM aigorithm discussed in the previous text. The signal proportional to cos (8Phi;(my) on electrical path 313 is
input into analog temporal differentiator 613 and analog multiplier 817 . The signal proportional 1o sin(8FPhi; (my)
on electrical path 315 is inputl into analog temporal differentiator 623 and analog muitiplier 827, The
differentiated cosine term on signal path 8§28 is multiplied by the sing term on elecirical path 313 by analog
multiplier 8§27 producing the signal on electrical path §28. The differentiated sine term on electrical path 815 s
muitiplied by the cosine term on electrical path 313 by analog multiplier 817 producing the signal on electrical
path §18. The signals on electrical paths 818 and 629 are applied as inputs to differential summer 8§31, The
output of differential summer on electrical path 8§33, which is the result of the differentiated sine and cosine
product being subtracted from the differentiated cosine and sine product, corresponds o U(m)(t) of the DCM
discussion. The signal on electrical path §33 is integrated by analog integrator §358 to produce the analog phase
detector output proportional 1o &P yon electrical path and output 318, By way of summarization, the
example analog phase deftector 317 accepis inputs 313 and 315 which originate from the 1 & § demoduiator
311 of FIG. &, then the analog phase detector outputs the phase signal &Phi;( yon electrical path 318,
Optionally, any of other well-known implementations of analog phase detectors may be employed,

(08111, Programmable Phase Difference

(01821 The example programmable phase differencer implementation shown as part 88 of FIG. 12 corresponds to
part 88 shown as a block in FIG. 3, Refer to FIG. 12, The plurality (which upwardly may include a very large
number, for instance 5,000} of demodulated signals proportional to optical signal phases &Phi;y, &Fhijo,. ..
&Phi;(, are input into the programmable phase signal switching and routing network 7871 via electrical paths 71,
73 and 78, respectively. Network 781 programmably selects on a basis of timed relation 1o code generator 83
and routes on a hasis of conventional “hold-in memory” and “transfer-from-memory”, a plurality (which upwardhy
may include a very large number, for instanca 5,000) of pairs of phase signals onto a plurality (which upwardly
may include a very large number, for instance 5,000} of pairs of electronic paths 711 and 713, 731 and 733
and 781 and 733, The plurality of routed pairs of phase signals are applied to the corresponding of subtracters
18, 738 and 785 as shown on FIG. 12, The plurality of phase pairs on electronic pairs of paths 711 and 713,
731 and 733, and 731 and 783 are subtracted by subtracters 715, 7358 and 783, raspectively, and the
differential signal are outputied on g correspending plurality of elecirical paths 81, 83 and 85 respectively. The
folowing description focuses on the differencing channel culput on elecirical path 871, it being understood that
the modes of operation of other differencing channels in network 781 are the same. Programmable phase
switching and routing network 781 selects one of the phase signals on one of the plurality of electrical paths 71,
¥3 or ¥5 and routes the signal to electrical path 711. The signal on electrical path 711 is selected 1o be
proportional to &Phijy y(where jis of the sel 1,2 .. . n). Network 781 also salects ancther of the phase signals
on one of the gther of the plurality of electronic paths 71, 73 or 78 and routes the signal to electrical path 713,
The signal of electrical path 713 is selected to be proportional to &Phij g y{where Kis of set 1,2 .. . n). The signal
on electrical path 711 is sublracied from the signal on electrical path 713 by subtracter 715, The output of
subtracter 713 Is passed on via electrical path 81 and s proportional 1o &Delta;&Phi; g yherainabiove discussed
in subsection 3{) "Phase Differencing” of this DESCRIPTION OF THE PREFERRED EMBODIMENT. tmploying this
mode, network 781 programimably makes selection from optical signal phases &Phij y, &Phi;z . o, &Phiigto
provide other differential phase outputs on electrical paths 81, 83 and 88, This may include a very large number
of differential phase signals, for instance 5000, As an alternative to the just described type of circuitry employing
subtracters 718, 738 and 785 any of other well-known forms of produding a differential signal my be emplovyed.

(01831, An Alternative Viewpoint of the Partitioning of System 2.
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(0184145 an alternative to the viewpoint inferable from the preceding sequence discussing FIG. 3, system 2 may
be considerad as partitionad into: () an optical network for iHluminating an optical fiber sensing span, or other
ight propagation medium sensing span, and retrieving back propagating portions of the ilumination; and {il) a
photoslectronic network for establishing virtual sensors at predetermined locations along the span and picking up
external physical signals incident to, or impinging upon, the sensors,

[01R51In general, the optical network for the illumination of, and for the retrigval of back-propagation from, fiber
span 8§ comprises transmitter aser 3, directional optical coupler 7, and optical fiber, or other light propagation
medium 8.

(01861 The photoelectronic network for establishing virtual sensors and picking up signals therefrom generally
comprises two subdivisions, One subdivision provides a oyclically retterative autocorrelatable form of modulation
of the lightwave illuminating fiber span 8. This modulation is in the form refterated seguences having
autgcorreiatable properties. The other subdivision takes the refrieved back propagation and performs a
heterodyning therawith to oblain an r.f. beat signal. It then picks up the signal from the virtual sensors by
autocorrelation and further processes it into more useful forms,

[01871In general, the subdivision providing the cyclical reiterative modulation of sequences Hluminating fiber
span 8 comprises master correlation code generator 83 (vig one of its electrical pathway outputs) and oplical
modulator §.

[01881in general, the subdivision for performing heterodyning with and picking up of virtual sensor signais from
the retrieved back propagation from fiber span & includes local oscillator laser 45, and the network which phase
locks transmitter laser 3 and incal oscillator 48, and a sequence of elements which perform processing upon the
retrieved back propagation. The phase locking network comprises haamsplitter 4, phase locking means optical
receiver 38, phase locking circuitry 38, and optical coupler 43, First in the sequance of processing elements is an
optical receiver 18 which pholodetecis interference power “derived” by heterodyning the back propagated
tHumination portion retrieved from fiber span 8 with the output of a local oscillator 43, Lasers 3 and 45 are
operated with a frequency difference to produce an r.f. beat signal, &Delta;W. Then correlation system 23
receives as one of s inputs another electrical pathway output from master correlation code generator 83, and
provides a series of channeals which in turn respectively provide predetermined time delays in relation 1o the
timing base of oyclic reiterative code generator 83, to perform a series of autocorrelations of the respectively
delayved inputs from code generator 53 with the signal &Delta; W, This picks up r.f. signals respectively
representative of the affects in the lightwave domain of the external physical signals incident upon the regpective
virtual sensor. Phase demodulator system 8§ provides a linear phase signal derived from such r.f. signals
representative of optical signals at the regpective virtual sensors. Programmable phase differencer 88 processes
pairs of these linear phase signals occurring across segments of fiber span % between programmably selecied
pairs of the virtual sensors.

[018gFollowing is another overview description which more particularly calls attentions to an aspect of the
invention that the system slements which performs the autocorreiation enable providing an output in the form of
an r.f. counterpart of a Hghtwave tme-domain reflectometry cutput of signals incident to the virtual sensors as
Hightwave time domain reflectometry outputs a CW lightwave modulated by a continuously reiterated hinary
pseudorandom code sequence is launchead into an end of a span of ordinary optical fiber cable. Portions of the
launched lightwave back propagate to the launch end from a continuum of locations along the span becauss of
innate fiber properties including Ravleigh scattering. This is picked off the launch end and heterodyned (o produce
an r.f. beal signal. The r.f. beat signal is processed by a plurality {which can be thousands) of correlator typse
bhinary pseudoneise code sequence demadulators respaectively gperated in different delay time relationships to the
timing base of the reiterated modulation sequences. The cutputs of the demodulators provide r.f. time-domain
reflectometry ocutputs representative of signals {&.g., acoustic pressure waves) incident to virtual sensors along
the fiber at positions corresponding to the various time delay relationships.

(01g0 Foliowing is still another overview description which more particularly calls attention to an aspect of the
invention that the system elements performing the autocorrelation enable detection of unigue spectral
components representing a phase variations of external signals incident to the virtual sensors. A CW lightwave
modulated by a continuously reiterated pseudorandom code sequance is launched into an end of a span of
ordinary optical fiber cable. Portions of the launched lightwave back propagate 1o the launch end from a
continuum of locations along the span bacause of innate fiber properties including Ravieigh scattering. This is
picked off the launch end and heterodyned producing an r.f. beat signal. The r.{. beat signal is processaed by a
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purality {which can be thousands) of correlator type pseudongise code sequence demodulation and phase
demoduiator units, operated in different time delay relationships o the timing base of the reiterated modulation
sequences. These units provide outpuls representative of phase variations in respective unigue speciral
components in the r.f. beat signal caused by acoustic, or other forms of signals, incident to virtual sensors at
fiber positions corresponding to the various time delay relationships.

(019t TFcliowing is vet another overview description which more particularly calls attention to an aspect of the
invention that a pair of the different delay time relationships of the autocorrelation systern elements are effective
t¢ establish a virtual increment of the optical fiber span, and that a substracter circuit of phase differencer 88
enabies representing the differential phase signal across the virtual increment. A CW lightwave modulated by a
continuously reiterated pseudorandom (PN} code sequence is launched inte an end of a span of ordinary optical
fiher cable. Portions of the launched lightwave back propagate to the launch end from a continuum of locations
aiong the span because of innate fiber properties induding Ravieigh scattering. This is picked off the launch end
and heterodyned producing an r.f. beal signal. The r.f. beat signal is processed by a plurality (which can be
thousands) of correlator pseudoneise code sequance demoduiation and phase demodulator units operatad in
different delay time relationships 1o the timing base of the reiterated modulation sequences. Pairs of outputs of
the units are connected to respective substracter circuits, each providing a signal reprasentative of phass
differential of indident acoustic signals, or other forms of signals, across virtual increments of the span
established by a pair of said delay time relationships.

[01921n. Air-Backed Mandrel Modified Form of Invention

TOE93TFIG. 13 lustrates a so-called fiber-on-an-air-backed mandrel assembly 8§01, useful in apphcations in
which a fiber optic span $&prime; is to be immersed in a liquid medium. Assembly 801 comprises a hollow
cviindrical mandrel 883 having formed therein a sealed central chamber 888 containing air or other gaseous
medium 807, which is compressibie relative to the liguid medium. A segment of span 8&prime; of a ROSE
system 2, FIG. 3, is helically wound the cylindrical exterior surface of mandrel 883, and suitably fixedly bonded
to the surface. The ovlindral wall 808 of mandrel 803 is of a material 50 chosen and of & thickness so chosen to
form a containic membrane with a hoop stiffness that enables acoustic pressure wave signals incident upon
assembiy 8§81 o be transformed into mandrel radial dimensional variations. As a result of mandrel 801's
gecmetry these radial variations result in magnified longitudinal strain variations in fiber 8&prime;. It is to be
appreciated that the physical siructure of assembly 801 inherently provides a spatial succession of two locations
aiong the fiber span, which a phase signal switch and routing network 781 could select and route to become the
virtual bounding positions of g differential phase signal virtual sensor. This is to say, positioning a mandrel wound
span $&prime; as & segment of a system total span 8 of ROSE system 2 can facilitate providing a sequential palr
of virtual sensor locations along a span 8, and the provision of & corresponding pair of delay circuits in correlator
circuit 23 would cause assembly 881 to operate as a differential phase signal sensor,

{4} Advantages and MNew Features

(01941 The invention enables the interrogation or time-delay correlational multiplexing and demultiplexing of
optical phase signals,

(01957 The invention enables the interrogation of ROSE (Ravieigh Optical Scattering and Encoding) fiber optic
sensors, The invention enables the spatial sorting and separation of the temporal optical phases of backscattered
optical signals arising from & plurality {(which upwardly may include a very large number, for instance 5,000) of
virtuat optical sensors along fibers or other optical mediums. The invention enables the spatial decoding of
backscattered optical signals with a bandwidth of tens of kilohertz. The invention enables the sensor locations
aiong the fiber to be programmable. The invention allows the electronic separation or segmentation of the array
of fiber sensors into programmabie bounded iengths and positions, Because the correlation signal, oft), can be
designed to be a continuous wave, the invention mncreases the average oplcal power considerably over
conventional pulsed optical phase sensor interrogation methods. Because the correlation signal ¢{t) can be
chosen o have spectrum spreading properties for which dispreading electronic circuitry is readily available,
undesired optical fiber system noises, such as reflection discontinuity noises due to cable couplings, can be
materially attenuatad,

fo1gslin hypothetically assessing the potential achievable by the present invention with regard to employment of
a common grade of oplical fiber cable buried beneath the ground surface as & perimeter infrusion monitoring
fiber span, the following assumptions have been made: (1) signal to noise ratio (8/M) degradation of Rayleigh
effect fight propagation in such an optical fiber cable are assumed to be 0.5 db/km; (3 # is assumed there is g
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reguirement for bandwidth of ten times that of the geo-acoustic intruder signal needs o be detected; (i) and
digital circuitry functions are performed employing conventional Thigh end” clock rates. Using these assumptions,
and emploving conventional single-mods or multimaode fiber burisd 6-12 inches underground, and using
conventional engineering methodology for noise effect prediction, it can be shown that ROSE system 2 has the
potential of sensing intruder caused geo-acoustic, (i.e., seismic) signals along a length of fiber span line as long
as 8 km or 5 miles. (This assessment is based upon §/N degradations for fivback travel of signals from the
interrogation launch end of fiber span 8§ o its remote end and back.) The hypothetical segment resolution
capabiliby with such a 8 k., or 5 mile line, would be 1 meter,

(01971 The invention provides a new capability of heterodyne optical phase detection without resorting to dithered
phase carrier methads. The phase demodulation method intreduces heteradyne 1 & § demoduiation to produce
cosine and sine phase components, clipped signal ampiitude stabilization technigues and digital signal processing
based phase detection. The spatially differential phase detection method provided by the invention enables the
rejection of unwanted lead-in fiber phase signals.

(01981 The details, materials step of operation and arrangement of parts herein have been described and
iustrated in order to explain the nature of the invention, Many modifications in thess are possible by those
skified in the art within the teachings herein of the invention. For example, while in system 2 the transformation
from optical to r.f. signal takes place prior o processing by programmable correlation 23, i is within the sl of
the art to design optical recelver 18 and correlator system 23 10 have the transformation take place otherwise,
Also, as an alternative to the previously described mechanism for phase locking iaser 3 and 45, the lager optical
wave on an optical path 38 can be passed through an acoustic-optic modulator, sometimes called a Bragg Cell.
The diffracted optical wave exiting the acousto-optic modulator will be Doppler shifted by an impinging-driving RF
wave, that is translated into a sound wave in the acousto-optic modulator, and the so-called Bragg shifted-
diffracted optical wave will exit the acousti-optical modudulator with an optical Trequency equivalant o the phass
locked laser 45, The acousto-optically generated lightwave, at an equivalent frequency of the phase locked laser
4%, is sent along optical pathway 13 and becomes the focal oscillater input to heteradyne photoreceiver 15. An
acousio-optically frequency shifted version of the Hght in oplical path 38 can therefore replace the phase locked
ight of coherent optical source 45 . Accordingly it is to be understood that changes may be made by those skilled
i the art within the principle and scope of the inventions expressad in the appended dlaims,

ENGLISH-CLAIMS:
Return to Top of Patent

What is claimed is:

i, Atime-domain reflectometer for sensing at a desired set of n spaced sensing positions along an optical fiber
span, said sensing positions being for sensing a type of external physical signal having the property of inducing
ght path changes within the optical fiber span at regions there along where the signal is coupled to the span,
comprising:

2 -

an optical fiber span having a first end which concurrently serves as both the interrogation signal input end
and the back propagating signal output end for purposes of reflectometry, and having a second remote
end;

& -

a first light source for producing a coherent carrier lightwave signal of a first predetermined wavelength;
@ -

a binary pseudonoise code sequence modulator modulating said carrier signal for producing a pseudonoise
code sequence modulated interrogation lightwave signal which continuousiy reiterates the binary
peeudonoise code sequence, the reiterated sequences being executed in a fixed relationship to a
predetermined timing base;

& -

a lightwave heterodyner having first and second inpuls for receiving a primary signal and a local osciliator
signal, respectively, and operative 1o produce the beat frequencies of their regpective frequencies;
& ~
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a lightwave directional coupler having a first port which receives said binary pseudonoise code sequancs
madulated interrogation lightwave, a second port coupled to said first end of said optical fiber span, and a
third port coupled to said primary signal input of the heterodyner;

e -

said directional coupler coupling said binary pseudonsise code seguence moedulated interrogation lightwave
1o said second port where it is launched in a forwardly propagating direction along said oplical fiber span
causing the return to said second port of a composite back-propagating lightwave which is a summation of
fghtwave back-propagations from a continuum of locations along the length of the span, said composite
back-propagating lightwave signal comprising a summation of multiple components including

o -

a first signal component comprising the summation of portions of the said pseudonoise code
seguence modulated interrogation lightwave signal which the innate properties of the optical fiber
cause to backpropagate at a continuum of locations along the span, and

Q -

a second signal component comprising the modulation of said first signal component caused by
longitudinal components of optical path changes induced into said span at a continuum of locations
along said span by external physical signals, said second signal compaoneant further including a
corresponding set of subcomponents comprising the modulation of said first signal componeant by
optical path changes caused by said external signals at the respective sensing positions;

said directional coupler coupling said composite back-propagating lightwave o said third port where it is
applied to said first input of the heterodyner;
@ ~

a second light source coupled 1o said second input of the lightwave heterodyner, said second light source
producing a coherent local oscillator lightwave signal in phase lockead relation to said carrier lightwave
signal, said local osciliator signal being of a second predetermined waveiength which differs from the first
predetermined wavelength by an amount of difference small encugh to produce at the output of the
heterodyner a radio freguency (r.f.) composite difference beat signal, but by an amount {arge encugh o
cause said r.f. composite difference beat signal to have sufficient bandwidth 1o cause it 1o include r 1
counterparts of signal components and subcomponents of said composite back propagating lightwave
signal;

s -

said r.f. composite difference beat frequency signal being coupled to an n-way splitter providing a
corresponding set of n output channels, each transmitting said r.f. composite difference beat signal;
@ -

a corresponding set of n correlation-type binary pseudonoiss code sequence demodulators having their
respective inputs connected to the corresponding output channels of said n-way splitter through a
corresponding set of time delay dircuits which respectively provide a corresponding set of predeterminead
time delays in relation to said predeterminad timing base of the binary pseudongise code sequencs
modulator, to establish saild n desired sensing positions along said optical fiber span; and

s -

said set of correlation-type binary pseudonoise code sequence demodudators serving to conjunclively
temporaily and spatially de-multiplex said r.f. compaosite difference beat signal to provids at their
respective outputs r.f. counterparts of the subcomponents of said second signal component of said
composite back-propagating lightwave signal caused by changes in the optical path within said optical fiber
span induced by external physical signals respectively coupled to the corresponding sensing positions,

2. The reflectometer of claim 1 wherein:
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said innate properties of the said optical fiber material include the generation of Ravieigh optical scattering
affects at a continuum of locations along said optical fiber span in response o said forwardly propagating
binary pseudonoise code sequence modulated interrogation lightwave.

3.

3. The reflectometer of claim 1 wherein said type of externai physical signal which induces light path changes in
sa

T
icdd optical fiber span is an acoustic pressure wave signal,

4. The reflectometer of claim 3, wherein:

e ~
said optical fiber span is an acoustic security alarm perimeter monitoring line buried at a predeterminad
depth beneath the surface of the ground;

e ~
said acoustic pressure wave signal being caused by the vibration of the ground surface by movement of an
obiect thereon; and

e ~
said set of n sensing positions along the line form g virtual array of n geophones which respectively

produce substantially linear signals respectively representative of the vibrations of the surface of the
ground at corresponding sensing positions.

5. The reflectometer of claim 4 wherein the range of depths of burial of the optical fiber span beneath the surface
of the ground is of six incheas to the order of one foot,

6. The reflectometer of claim 3 wherein:

said optical fiber span is of a fength L; and

a -
said first light source is a laser having the performance capability 1o generate a lightwave signal with

sufficient phase stability to substantially retain coherency in propagation along said optical fiber span for &
distance at least equalto 2 L.

7. The reflectometer of claim 6, wherein:

& -

said the length L of said optical fiber span is at least 5.0 km,

&. The reflectometer of daim 7 wherein said first light source is a pianar, ring-type laser.
9, The reflectometer of claim 3 wherein said optical fiber span comprises a single-mode fiber optic cable.

18, The reflectometer of daim 3 wherein said optical fiber span comprises a fiber optic cable of the polarization
preserving type.

11. The reflectometer of claim 3, wheraim:
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said optical fiber span has a ceating made of a thermoplastic material having the combined characteristics
of a low Young's modulus and a Poisson’s ratio below that of natural rubber; and
@ ~

said coating serving to enhance the longitudinal component of strain variation derivad from an acoustic
wave signal whose wave front is incident to the span from a direction at least in part having a lateral
component in the direction along which the wave front propagates.

12, The reflectomester of claim 1 wherein:

8 -

said lightwave heterodyner is of the photodetecior type.

13. The reflectometer of claim 12 whearein:

& -

said Hightwave heterodvner of the photodetector type is a balanced optical detector circuil including a
matched pair of photodetectors with the composite back-propagating lightwave signal applied to each
photodetector of the pair; and

? -

said balanced optical detection circuit produces said r.f, compaosite difference beat signal as a differential
current from the matched pair of pholodetaciors.

14, The reflectometer of claim 1 wherein the continuously reiterated binary pseudoneise code sequences are
Binary pseudonoise sequences wherein shifts between binary states of the signal alternatingly shift the radian
phase of the carrier between substantially 0° and substantially 180°,

15, The reflectometer of claim 1 wherein said pseudongise code sequence is a pseudorandom number (PN} code
seguence generated by a shift-register type PRN code generator,

16. The reflectometer of claim 1, and:

& -

a fixed frequency reference oscillator which produces a reference phase signal;
& -

each phase demodulator including an 1 & § quadrature demodulator having a first input for receiving said
reference phase signal and a second input for receiving an r.f. counterpart of the corresponding
subcomponent of said second signal component of said composite back-propagating lightwave signal, said 1
& Q demodulator being operative to derive from said reference phase signal an interim in phase signal and
an interim gquadrature phase signal and to split the signal received at its second input and mix one part
thereof with the interim in phase signal and another part thereof with the interim quadrature phase signal
to provide a pair of culput signals; and

& -

each phase demodulator further including a phase detector having a pair of inpuls for receiving respectively
ane and the other of said outputs of the 1 & § demodulator and operative o provide at the output of the
phase demodulator said signal representative of the radian phase of the respective subcomponent of said
set of n subcomponents,
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17, The reflectometer of daim 16, wherein said reference phase signal produced by saild fixed frequency oscillator
is used in establishing the phase locked relationship between the local oscillater lightwave signal and the carrier
ightwave signal,

18, The reflectometer of claim 1, wheraim:

8 ~

a time period TP is required for forward propagation of said autocorrelatable spectrum spreading signal
from the output of the source of the spectrum spreading signal to where said first light source is
modutated, and then for the forward propagation of the derivative spread spectrum modulated
interrogation Hghtwave signal to the second remote end of the fiber optical span, plus the time period
required for the back propagation of a2 subcomponent of said composite back-propagating CW lightwave
signal produced at the remote end of the span 1o the input of the heterodyner, and then for the back
propagation of the derivative counterpart subcomponent of the r.f. composite difference beat signal from
the output of the heterdyner 1o the input of a corresponding de-spreader and de-multiplexer of said set of n
de~spreader and de-multiplexers; and

& -

the temporal length of a single autocorreiatable spectrum spreading signal sequence of the continuously
reiterated code sequences is one of one and the other of
o -

less than the time period TP, and

Fe) ~

greater than the time period TP,

19, The reflectometer of claim 1, wherein said type of external physical signal which induces light path changes in
said optical fiber span is a selected one of a group consisting of: (i} a seismic signal wherein with the media
which couples the signal to said optical fiber span includes at least in part the ground in which the fiber oplic span
is buried; (i} an underwater sound signal wherein the media which couples the signal 1o said optical fiber span
includes at least in part a body of water in which the fiber oplic span is immersed; (i) an electromagnetic Torce
field coupled to the opltical fiber span; (v} a signal comprising temperature variations coupled to the optical fiber
span; and (v) at least one micrgphonic signal which is coupled to said optical fiber span at an at least one of said
set of n sensing positions along the optical fiber span.

20. The reflectometer of claim 1, wherein each of: (i) said coherent carrier lightwave signal; (i) said coherent
tocal oscillator lightwave signal; (i) said spread spectrum modulated interrogation lightwave signal; {iv) said
composite back-propagating lightwave signeal; (v) said radic frequency {r.f.) composite difference heat signal;
and {vi) each counterpart of said r.f. counterpari of the subcomponents of said second signal component of said
composite back-propagating lightwave signal, s a continuous wave {CW) signal.

21. A system wherein, at respective sensing stations of a plurality of sensing stations along a span of optical

fiber, the system senses input signals of a type having a property of inducing light path changes at regions of the
span influenced by such input signals, comprising:

& -

means for #luminating an optical fiber span with a CW optical signal;
@ -

means for retrieving back-propagating portions of the Hlumination back propagating from a continuum of

locations along the span;

® -
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means for moedulating said CW optical signal with a reiterative autocorrelatabie form of modulation;

2 -

means for picking off a radic freguency (r.f.) counterpart of the retrieved signal, wherein the r i
counterpart is in phase locked synchronism with the CW optical signal;
@ =

means for performing a corresponding plurality of autocorrelation detections upon said {(r.f) counterpart of
the retrieved optical signal wherein said performing of the respective autocorrelation detections of the
plurality of autocorrelation detection by said means for performing autocorrelation-detections are done in &
corresponding plurality of different timed relationships with respect o the reiterative autocorrelatabie form
of modulation of the CW optical signal.

22. Signal sensing apparatus for sensing input signals at an array of a plurality of sensing stations along an
optical fiber span, wherein at respective sensing station of the array the apparatus sensas input signais of a type
having the property of inducing light path changes within regions influenced by such inputl signals, said apparatus
comprising:

& -

an optical wave network comprising a transmitter laser and a lightwave directional coupler, said network
being operative to tHuminate an optical fiber span with a CW optical signal and to relrieve portions of the
Humination back-propagating from a continuum of locations atong the fiber span;

& -

a modulator operative to modulate the CW optical signal in accordance with a reiterative autocorrelatable

form of modulation code;
e ~

a heterodyner which, in phase locked synchronism with sald transmitter laser, receives said retrieved back-
propagated portions of Humination and derives therefrom a radio frequency {r.F) counterpart; and

& -
a corresponding plurality of autocorrelation detectors operative upon said r.f. counterpart of the retrieved

optical signal in regpective timed relationships of a corresponding plurality of different timed relationsips
with respect to said reiferative autocorreiatabie form of modulation code,
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Attorney Docket No. 300099 13 April 2017

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: ROBERT MICHAEL PAYTON Group Art Unit: 3992
Serial No.: 14/686,161 Examiner: S. RALIS
Filed: June 16, 2015 Customer No. 134845

For: NATURAL SPAN REFLECTOMETRY WITH SENSING ZONE SEGMENTS

AMENDMENT

Mail Stop Reissue
Commissioner for Patents
PO Box 1450

Alexandria, VA 22313-1450
Dear Sir:

Applicant’s representative files this communication with a
3-month extension of time. Applicant’s representative hereby
authorizes the Commissioner to charge any deficiency of fees and
credit any overpayments to the Deposit Account of Record.

In response to the Office action of 18 October 2016, amend
the above-identified patent application as follows:

Amendments to the Specification: begin on page 2 of this paper.
Amendment to the Abstract: is reflected on page 14.

Amendments to the Claims: are reflected in the listing of claims
which begins on page 15 of this paper.

Amendments to the Drawings: None.

Remarks/Arguments: begin on page 20 of this paper.
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Application Serial No:14/686,161 Attorney Docket No 300099
In reply to Office Action of 18 October 2016

AMENDMENT TO THE SPECIFICATION

Replace the title of the application at column 1, line 1, as
follows:
[NATURAL FIBER SPAN REFLECTOMETER PROVIDING A VIRTUAL SIGNAL

SENSING ARRAY CAPABILITY] NATURAL SPAN REFLECTOMETRY WITH

SENSING ZONE SEGMENTS

Insert the following paragraph at column 1, line 3, following
the title of the application, prior to the STATEMENT OF

GOVERNMENT INTEREST:

This application is a continuation reissue of U.S. Patent

Application No. 14/190,478 which is an application for reissue

of [U.S. Patent Application No. 11/056,630 filed February 7,
2005, now] U.S. Patent No. 7,030,971 that claims the benefit of
a provisional application, No. 60/599,437 which was filed on 6
August 2004, and which is entitled "Continuous Rayleigh Effect

Sensor Backscattering Heterodyne Optical Sensor System" by

Robert M. Payton.

At column 33, lines 10-37, replace the paragraph as follows:

The details, materials, [step] steps of operation and

arrangement of parts herein have been described and illustrated

2 of 25
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Application Serial No:14/686,161 Attorney Docket No 300099
In reply to Office Action of 18 October 2016

in order to explain the nature of the invention. Many
modifications in these are possible by those skilled in the art
within the teachings herein of the invention. For example, while
in system 2 the transformation from optical to r.f. signal takes
place prior to processing by programmable correlation 23, it is
within the skill of the art to design optical receiver 15 and
correlator system 23 to have the transformation take place
otherwise. Also, as an alternative to the previously described
mechanism for phase locking laser 3 and 45, the laser optical
wave on an optical path 39 can be passed through an
acousticoptic modulator, sometimes called a Bragg Cell. The
diffracted optical wave exiting the acousto-optic modulator will
be Doppler shifted by an impinging-driving RF wave, that is
translated into a sound wave in the acousto-optic modulator, and
the so-called Bragg shifted-diffracted optical wave will exit
the acoustioptical [modudulator] modulator with an optical
frequency equivalent to the phase locked laser 45. The acousto-
optically generated lightwave, at an equivalent frequency of the
phase locked laser 45, is sent along optical pathway 13 and
becomes the local oscillator input to heterodyne photoreceiver
15. An acousto-optically frequency shifted version of the light
in optical path 39 can therefore replace the phase locked light
of coherent optical source 45. Accordingly it is to be
understood that changes may be made by those skilled in the art

3 of 25
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In reply to Office Action of 18 October 2016

within the principle and scope of the inventions expressed in

the appended claims.

At column 18, line 64 to column 19, line 32, replace the

paragraph as follows:

Refer to FIG. 3. Local oscillator laser, 45, generates a local
oscillator lightwave. The local oscillator lightwave propagates
from local oscillator laser, 45, to optical coupler or
beamsplitter, 43. The optical coupler, 43, splits off the
smaller portion of power of the local oscillator lightwave into
optical pathway, 41. Optical path, 41, propagates the smaller
portion of the local oscillator lightwave to the phase locking
means optical receiver, 35. The larger portion of the power of
the local oscillator lightwave is split off by optical coupler
43, and passed to optical path 13. Optical pathway, 13,
propagates the larger portion of the local oscillator lightwave
to optical receiver, 15. The phase locking means optical
receiver, 35, receives and interferes the transmitter laser
lightwave from optical pathway, 39, and the local oscillator
lightwave from optical pathway 41. The receiver 35 interferes
the reference lightwaves from lasers 3 and 45 producing an
electrical output which is a radio frequency wave on electrical
pathway, 33. The electrical output, 33, provides an electronic

4 of 25
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beat frequency which directly indicates the difference in
optical frequency and phase between lasers [1] 3 and 45. Phase
locking circuitry 31, employing a conventional phase lock loop
mechanism, controls the difference in frequency between laser 1
and 45 and phase locks the two lasers to a fixed frequency and
phase relationship as indicated by the dashed line between
circuitry 31 and local oscillator laser 45. The radian frequency
difference i1s Aw as discussed early in the text. The purpose of
the laser phase locking means is to insure that the local
oscillator lightwave traveling on optical path, 13, into optical
receiver, 15, has the proper phase and frequency relationship to
the composite lightwave on optical pathway, 11. It is to be
appreciated that the phase locking mechanism also acts
cooperatively with phase demodulator system 66 to be described
later herein. Conventionally, a common master clock oscillator
311, FIG. 7 provides the timing base for both phase locking

circuitry 31 and an I & Q demodulator 300, FIG. 7.

At column 29, lines 12-60, replace the paragraph as follows:

The example programmable phase differencer implementation shown
as part 99 of FIG. 12 corresponds to part 99 shown as a block in
FIG. 3. Refer to FIG. 12. The plurality (which upwardly may

include a very large number, for instance 5,000) of demodulated
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signals proportional to optical signal phases &1, &, .. &, are
input into the programmable phase signal switching and routing
network 701 wvia electrical paths 71, 73 and 75, respectively.
Network 701 programmably selects on a basis of timed relation to
code generator 53 and routes on a basis of conventional "hold-in
memory" and "transfer-from-memory", a plurality (which upwardly
may include a very large number, for instance 5,000) of pairs of
phase signals onto a plurality (which upwardly may include a
very large number, for instance 5,000) of pairs of electronic
paths 711 and 713, 731 and 733 and 751 and 753. The plurality of
routed pairs of phase signals are applied to the corresponding
of subtracters 715, 735 and 755 as shown on FIG. 12. The
plurality of phase pairs on electronic pairs of paths 711 and
713, 731 and 733, and 751 and 753 are subtracted by subtracters
715, [735] 755 and 753, respectively, and the differential
signal are outputted on a corresponding plurality of electrical
paths 91, 93 and 95 respectively. The following description
focuses on the differencing channel output on electrical path
91, it being understood that the modes of operation of other
differencing channels in network 701 are the same. Programmable
phase switching and routing network 701 selects one of the phase
signals on one of the plurality of electrical paths 71, 73 or 75
and routes the signal to electrical path 711. The signal on
electrical path 711 1is selected to be proportional to &; (where jJ

6 of 25
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is of the set 1,2 . . . n). Network 701 also selects another of
the phase signals on one of the other of the plurality of
electronic paths 71, 73 or 75 and routes the signal to
electrical path 713. The signal of electrical path 713 is
selected to be proportional to &, (where k is of set 1,2

n). The signal on electrical path 711 is subtracted from the
signal on electrical path 713 by subtracter 715. The output of
subtracter 715 is passed on via electrical path 91 and is
proportional to Adyy, hereinabove discussed in subsection 3(f)
"Phase Differencing” of this DESCRIPTION OF THE PREFERRED
EMBODIMENT. Employing this mode, network 701 programmably makes
selection from optical signal phases &1, &, .. &, to provide
other differential phase outputs on electrical paths 91, 93 and
95. This may include a very large number of differential phase
signals, for instance 5000. As an alternative to the just
described type of circuitry employing subtracters 715, 735 and
755 any of other well-known forms of producing a differential

signal [my]lmay be employed.

At column 24, lines 29-47, replace the paragraph as follows:

Refer to FIG. 4. Like parts correspond to like numbers. Optical
signals enter the photodetector sub-system via optical paths 101
and 103 which are extensions of the paths 11 and 13 in the case

7 of 25
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of receiver 15, and (not shown) of paths 39 and 44 in the case
of subsystem 35. The optical signals are equally split by
optical coupler or beamsplitter, 105. The optical signal on path
107 is composite signal comprised of half the optical power of
path 101 and half of the optical power arriving on [pate] path
103. The optical signal on path 107 is illuminated on optical
detector 111. The photo-current of optical detector 111 flows
into electrical conductor 115. Likewise, the optical signal on
path 109 is comprised of half the optical power on path 101 and
half of the optical power on path 103. The optical signal on
path 109 is illuminated on optical detector 113. The photo-
current of optical detector 113 flows out of electrical
conductor 115. Therefore the photo-currents of optical detectors

111 and 113 are subtracted at electrical conductor or node 115.

At column 24, lines 48-59, replace the paragraph as follows:

Photo-detectors 111 and 113 are precisely matched in
responsivity. The differential photocurrent on electrical
conductor 115 is input into pre-amplifier 117, [amplifier] and
is passed to electrical output 119. The differential nature of
the photo-detection rejects either of the self-optical
interference power of the signals on paths 101 and 103 and
receives only the cross-interference power between the two

8 of 25
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optical signals on paths 101 and 103. This particular optical
detector architecture is called a balanced heterodyne optical
detection scheme. The scheme is 3 dB more sensitive than all
other heterodyne optical detection methods and offers the

distinct advantage of rejecting local oscillator noise.

At column 25, lines 14-45, replace the paragraph as follows:

Refer to FIG. 6. The composite radio frequency signal, or r.f.
composite reference beat signal, which electronically represents
the received time-delay multiplexed optical signal, or composite
back-propagation CW lightwave, Ep(t), is input into the
correlator system, 23, at electrical input 21. The composite
radio frequency signal is n-way split with power splitter 203
into a plurality (which upwardly may include a very large
number, for instance 5,000) of electronic pathways including
211, 213 and 215. The master correlation code, c(t), is input
into the correlator system, 23, at electrical input 54. The
correlation code is distributed to such a plurality of
programmable delay circuits including 221, 223 and 225. Each
programmable delay circuit delays the master correlation code by
the delay required to decode/demultiplex each time-delay
multiplexed channel. The plurality of programmable delay
circuits including 221, 223 and 225 output a plurality of

9 of 25
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delayed correlation codes including those on electrical pathways
231, 233, and [225] 235 respectively. The corresponding
plurality of delayed correlation codes including those on
electrical pathways 231, 233 and 235 are multiplied by a
corresponding plurality of multipliers (or balanced mixers)

including 241, 243 and 245 associated with electrical pathways

251, 253, and 235, respectively, by the radio frequency signal

on the plurality of electronic pathways including 211, 213 and
215 which are amplified by a corresponding plurality of
amplifiers including [261]161, 263 and 265, respectively, to
produce the corresponding plurality of outputs including 01, 02,
and O, (on lines 61, 63 and 65) respectively. Each of the outputs
therefore produces the corresponding demultiplexed signal which
is time-gated by the corresponding time-delay of the correlation
code. The correlator system 23 of FIG. 6 1s an example

implementation of the correlation system, 23, of FIG. 3.

At column 21, line 59 through column 22, line 2, replace the

paragraph as follows:

It is to be appreciated that system 2 is operating in the spread
spectrum transmission and reception mode. Namely, by providing
optical interrogation light wave, Ep(t), with modulation by the
correlation code, c(t), the continuous wave carrier signal is

10 of 25
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temporally structured into a spread spectrum interrogation
lightwave which continuously reiterates autocorrelatable code
sequences. Then after correlation system provides an appropriate
time of delay the correlator system [26] 23 correlates the
backscattered light wave Ep(t) with the same output, c(t), of

code generator 53, de-spreading the spread spectrum signal.

At column 20, line 48 to line 58, replace the paragraph as

follows:

Refer to FIG. 3. The composite radio frequency signal on
electrical path, 21, is input into the correlator system, 23.
The correlator system delays the master correlation code
generator output, [51,] an appropriate amount and correlates the

delayed correlation code with the composite radio frequency

signal. This produces electrical outputs 01, 0Oz ... Oy
corresponding to signals Si;, S2 ... S, 1n turn corresponding to
spatial delays Li, L, ... L,. The spatial delays L;, L, ... L, are

arbitrary and programmable. The electrical output 0; corresponds

to B(t, L;) referred to in the preceding subsection 2(a).

At column 20, line 59 to column 21, line 27, replace the

paragraph as follows:

11 of 25
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The correlation process is well understood in the literature.
The signal that represents the backscattered optical wave in
array, 9, that is passed from the optical receiver 15, to the
correlator system 23, contains all of the information for all
sensors or channels Si1, Sz ... S, at once on the electronic signal
path 21 entering the correlator 23. Because the backscattered
composite signal is modulated with the correlation code by
modulator 5, the backscattered light is time structured with the
time structure of the correlation code. Because the correlation
code is selected to have special autocorrelation code
properties, the time structure of the correlation codes allows
an electronic representation of the backscattered light at
positions Li, L, ... L, to be obtained via the correlation process
in the correlator 23. In a preferred embodiment of the invention
the master code generator 53 is a shift register type
pseudorandom number (PRN) code generator and each correlator of
the set 23 would be a correlation type demodulator herein later
described in greater depth. Code generator 53 may alternatively
be embodied as a binary sequence having transorthogonal
autocorrelation properties (binary pseudonoise sequence) and
each correlator would then be a correlation-type demodulator for
demodulating a binary pseudonoise sequence, whose implementation
would be understood by those of skill in the art. The correlator
uses the reference correlation code from correlation code
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generator, 53, which is passed via an electronic path [51] to
the correlator, 23, as a "golden ruler" enabling sorting out by
temporal and spatial domain demultiplexing electronic
representations of the backscattering optical signals at sensors
or channels Si1, S; ... S,. Various delayed versions of the
correlation code are multiplied by the composite signal with all

of the sensor or channel signals present simultaneously, from

electronic path 21 so that the electronic representations of the

sensors or channels S;, Sz ... S, are output from the correlator,
23 on signals 01, O ... O, with respect to the index.
13 of 25
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AMENDMENTS TO THE ABSTRACT

Please replace the abstract with the following replacement

abstract:

A distributed sensing system for an optical fiber span wherein

the geometric arrangement of the span provides one or more

sensing zones with different sensitivities. The span is

interrogated with a series of radiated optical pulses. The

backscattered signals are detected from positions along the

optical fiber span and the received signals are processed to

provide a measurement representative of acoustic pressure waves

incident on the span at the positions.
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AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions, and

listings, of claims in the application:

Listing of Claims

1 - 22. (Canceled)

23. (New) A system comprising:

a span of optical fiber having sensing zone segments

wherein signals incident to said span have a property

of inducing light path changes at sensing zone

segments that result in a back-propagating signal

wherein each zone segment has a specialized sensing

function;

a light source operative to provide a continuous wave (CW)

optical signal;

a modulator operative to modulate the CW optical signal

with a reiterative autocorrelatable form of

modulation, said modulator providing the modulated CW

optical fiber to the span;

an optical receiver joined to said span and capable of

receiving a retrieved optical signal returned

therefrom, wherein the retrieved optical signal

15 of 25
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comprises back-propagating portions of the

illumination from sensing zone segments, said receiver

operative to produce a radio frequency (r.f.)

counterpart signal of the retrieved optical signal;

and

a processor operative to detect a reiterative

autocorrelatable form of modulation from the

counterpart signal in a corresponding plurality of

different timed relationships with respect to the

reiterative autocorrelatable form of modulation of the

CW optical signal to give at least one signal for each

zone segment.

24 . (New) The system of claim 23, wherein at least one zone

segment of said span is helically disposed.

25. (New) The system of claim 23, wherein said span has a

length L and said light source is a laser having the capability

to generate a lightwave signal with sufficient stability to

retain coherency in propagation along said span for a distance

at least equal to two times the length L..

26. (New) The system of claim 25, wherein the length L of said

span is at least about 5 km.

lo of 25
HALLIBURTON, Exh. 1014, p. 0076



Application Serial No:14/686,161 Attorney Docket No 300099
In reply to Office Action of 18 October 2016

27. (New — currently amended) The system of claim 23, wherein

sald light source is a laser.

28. (New) The system of claim 23, wherein said span of optical

fiber comprises a single mode fiber optic cable.

29. (New) The system of claim 23, wherein said span of optical

fiber is made from the polarization preserving type of optical

fiber.

30. (New) The system of claim 23, wherein said span of optical

fiber has a coating made of a thermoplastic material having the

combined characteristics of a low Young's modulus and a

Poisson's ratio below that of natural rubber, wherein the

coating enhances the longitudinal component of strain variation

derived from an acoustic wave signal whose wave front is

incident to the optical fiber span from a direction at least in

part having a lateral component in the direction along which the

wave front propagates.

31. (New) A method for sensing comprising the steps of:

providing a span of optical fiber wherein signals incident

to the span induce light path changes at sensing zone

segments of the span responsive to the signals

resulting in a back-propagating signal;

17 of 25
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illuminating the span with a modulated continuous wave (CW)

optical signal with a reiterative autocorrelatable

form of modulation;

receiving a retrieved optical signal from the span, wherein

the retrieved optical signal comprises a

backpropagating portions of the illumination from

locations along the span in response to induced light

path changes;

producing a radio frequency (r.f.) counterpart signal of

the retrieved optical signal; and

detecting the reiterative autocorrelatable form of

modulation from the counterpart signal in a

corresponding plurality of different timed

relationships with respect to the reiterative

autocorrelatable form of modulation of the CW optical

signal to provide signals from sensing zone segments

of said span.

32. (New) The method of claim 31, wherein said step of

providing the span includes providing at least one sensing zone

segment of the span in a helical disposition.

33. (New) The method of claim 31, wherein the span of optical

fiber span has a length L, and the light source is a laser

18 of 25
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having the capability to generate a lightwave signal with

sufficient stability to substantially retain coherency in

propagation along the span for a distance at least equal to two

times length L.

34. (New) The method of claim 33, wherein the length L of said

span is at least about 5 km.

35. (New — Currently Amended) The method of claim 31, wherein

sald light source is a laser.

36. (New) The method of claim 31, wherein said span of optical

fiber comprises a single mode fiber optic cable.

37. (New) The method of claim 31, wherein said span of optical

fiber is made from the polarization preserving type of optical

fiber.

38. (New) The method of claim 31, wherein said span of optical

fiber has a coating made of a thermoplastic material having the

combined characteristics of a low Young's modulus and a

Poisson's ratio below that of natural rubber, wherein the

coating enhances the longitudinal component of strain variation

derived from an acoustic wave signal whose wave front is

incident to the optical fiber span from a direction at least in

part having a lateral component in the direction along which the

wave front propagates.
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REMARKS / ARGUMENTS

Claims 23-38 are currently pending in the application. No
claims have been allowed. Claims 23-38 are rejected. Claims
23-38 were entered by preliminary amendment. None of these new
claims are amended by this response.

The Application supports the claims as presented. The
amendments submitted herein do not introduce new matter.

These rejections and objections submitted in the Office
action are respectfully traversed in view of these amendments

and remarks that follow.

Litigation

The patent for which the reissue has been filed is involved
in litigation. As such, it is believed that prosecution of this
reissue application is suspended after the filing of this

response.

Application Data Sheet

An corrected ADS will be filed to properly identify the
domestic benefit information of the '768 Reissue Proceedings as
both a continuation of the '"478 Proceedings and a reissue

application of the '971 patent.
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The Reissue Oath/Declaration is Not Defective

The Applicant respectfully disagrees that the stated error
is insufficient. The Applicant has stated an error that
identifies an error, and respectfully requests the objection be

withdrawn.

Objections to the Specification

The Applicant believes that the Amendments to the
Specification address the objections. As such, the Applicant

respectfully requests the objections be withdrawn.

Objections to the Drawings

The Applicant respectfully submits that the drawings comply
with 37 C.F.R. 1.84(p) (4). The Applicant hereby submits that the
amendments to the specification address the objection and/or
submits that the same reference numbers are used to designate
the same parts. The Applicant respectfully request that these

objections be withdrawn.

The Nov 2015 Claim Amendment Complies with 37 CFR 1.173(c)

The Applicant respectfully submits that the Nov 2015 claim

amendments comply with 37 CFR 1.173(c) and respectfully request

the rejection be withdrawn. The Applicant respectfully requests

clarification for the statement in the Office Action on page 10
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that “The Nov 2015 Remarks at 10 purports to include such an
explanation of support for the changes made in the Nov 2015

Claim Amendment, but do not fully address the new claims.

Lexicographic Definitions

The Applicant submits that the specification clearly

defines specific terms.

The Claims are Not Broadened

The Applicant submits that the claim amendments are not
directed at enlarging the scope of the patent and respectfully

requests the rejection be withdrawn.

Light Source is not New Matter

It is well known that a laser is a light source.

Claims 23-38 Comply With § 112, First and Second Paragraph
The Applicant respectfully disagrees with the Examiner’s
arguments and respectfully submits that a laser is a light
source. The Applicant also herein amends claims as shown above.

Applicant respectfully requests the rejections be withdrawn.
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Double Patenting

The Applicant respectfully requests the nonstatutory double
patenting rejections be held in abeyance until allowable subject

matter is indicated.

Kersey Does Not Anticipate Claims 23-25, and 31-33

Claims 23-25, and 31-33 stand rejected under
35 U.S.C. § 102(b) as allegedly being anticipated by Kersley et
al (US Patent No. 6, 285, 806). Applicant respectfully traverses
the rejection. Among other differences, Kersey does not teach
or suggest the recitation for “detect a reiterative
autocorrelatable form of modulation from the counterpart signal
in a corresponding plurality of different timed relationships
with respect to the reiterative autocorrelatable form of
modulation of the CW optical signal to give at least one signal
for each zone segment” as recited in claim 23 or the recitation
of claim 31 for “detecting the reiterative autocorrelatable form
of modulation from the counterpart signal in a corresponding
plurality of different timed relationships with respect to the
reiterative autocorrelatable form of modulation of the CW
optical signal to provide signals from sensing zone segments of
said span.”

For at least the reasons presented herein, Kersey does not
disclose all of the features of the claims. Accordingly,
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Applicant submits that Kersey does not anticipate claims 23-25,
and 31-33, and respectfully requests that the 0Office withdraw

the § 102 rejections.

35 U.5.C. § 103(a) Rejections for Claims 26-30, and 34-38

Claims 26-30, and 34-38 ultimately depend from one of
independent claims. As discussed above, claims 23 and 31 are not
anticipated by Kersey, and are therefore allowable over the
cited document. Therefore, claims 26-30, and 34-38 are also
allowable over the cited document of record for at least their
dependency from an allowable base claim, and also for the
additional features that each recites.

Accordingly, Applicant respectfully requests that the

Office withdraw the § 103 rejections.

Conclusion
For at least the foregoing reasons, all pending claims are
in condition for allowance. Applicant respectfully requests

reconsideration and prompt issuance of the application.
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If any issues remain that would prevent allowance of this

application, Applicant requests that the Examiner contact the

undersigned representative before issuing a subsequent Action.

Respectfully submitted,

ROBERT MICHAEL PAYTON

13 April 2017 By/JAMES M. KASISCHKE/
JAMES M. KASISCHKE
Attorney of Record
Reg. No. 36562
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- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
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6)[] Claim(s) ____is/are allowed.
7)X Claim(s) 23-38is/are rejected.
8)[] Claim(s) _____is/are objected to.
9)[] Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/eatents/init_events/pph/indax.jsp or send an inquiry to PPHfesdback@uspio.qoy.

Application Papers
10)[X] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 6/16/2015 is/are: a)[_] accepted or b)[X] objected to by the Examiner.
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Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
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DETAILED ACTION
The instant application is being examined under the pre-AlIA first to invent provisions.
In the event the determination of the status of the application as subject to AIA 35 U.S.C.
102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any correction of the
statutory basis for the rejection will not be considered a new ground of rejection if the prior art

relied upon, and the rationale supporting the rejection, would be the same under either status.

I. Priority

Applicant filed the instant continuation reissue’ application 14/686,161 (““161 RI

Proceedings”) on 16 June 2015 of a U.S. Reissue Application No. 14/190,478 (“‘478 Reissue
Proceedings”), filed 26 February 2014, for U.S. Application No. 11/056,630 (" “630
Proceedings"), now U.S. Patent No. 7,030,971 (*“971 patent”), issued 07 February 2005, which
claims priority to U.S. Provisional Patent Application 60/599,437, filed 06 August 2004.

Thus, the Examiner concludes that the 971 patent claims a domestic priority date of 06

August 2004.

I1. Claim Status
The Examiner finds that the ‘161 Reissue Proceedings include a preliminary amendment
to the ‘971 patent filed 24 November 2015 (“Nov 2015 Preliminary Amendment"). The Nov
2015 Preliminary Amendment includes a “Remarks” (“Nov 2015 Remarks”), “Amendment to

the Claims” (“Nov 2015 Claim Amendment”), and “Amendments to the Specification” (“Nov

! The Examiner finds that the Nov 2015 Spec Amendment indicates that the ‘161 Reissue Proceedings “is a
continuation reissue of U.S. Patent Application No. 14/190,478 which is an application for reissue of U.S. Patent
7,030,971....” (Nov 2015 Spec Amendment at 2).

Reissue — Non Final Office Action Part of Paper No. 20160725
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2015 Spec Amendment”). The Nov 2015 Spec Amendment includes a new Title, new Abstract,
and modifies the Applications filing status to correct the priority of the ‘161 Reissue
Proceedings. The Nov 2015 Claim Amendment cancels claims 1-22 and adds new claims 23-38.

The claim status is as follows:

Claims 1-22 (Original and Canceled)

Claims 23-38 (New)

Thus, the Examiner concludes that claims 23-38 are pending (“Pending Claims”) in the

‘161 Reissue Proceedings. Claims 23-38 are examined (“Examined Claims™).

111, Reissue Requirements

For reissue applications filed before September 16, 2012, all references to 35 U.S.C. 251
and 37 CFR 1.172, 1.175, and 3.73 are to the law and rules in effect on September 15, 2012.
Where specifically designated, these are “pre-AIA” provisions.

For reissue applications filed on or after September 16, 2012, all references to 35 U.S.C.
251 and 37 CFR 1.172, 1.175, and 3.73 are to the current provisions.

Applicant is reminded of the continuing obligation under 37 CFR 1.178(b), to timely
apprise the Office of any prior or concurrent proceeding in which the *9710 patent is or was
involved. These proceedings would include interferences, reissues, reexaminations, and
litigation.

Applicant is further reminded of the continuing obligation under 37 CFR 1.56, to timely
apprise the Office of any information which is material to patentability of the claims under

consideration in this reissue application.

Reissue — Non Final Office Action Part of Paper No. 20160725
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These obligations rest with each individual associated with the filing and prosecution of

this application for reissue. See also MPEP §§ 1404, 1442.01 and 1442.04.

1V. Application Data Sheet

The application data sheet (ADS) filed on 24 November 2015 (“Nov 2015 ADS”) is
objected to because the Nov 2015 ADS does not properly identify the domestic benefit
information of the ‘161 Reissue Proceedings as both a continuation of the ‘478 Proceedings and
a reissue application of the ‘971 patent (emphasis added). See the Reissue Application Filing
Guide at http://www.uspto.gov/sites/default/files/forms/uspto_reissue_ads_guide_Sept2014.pdf
for more information and in particular see the screen shot on page 10 given the sample facts
presented on page 9. The corrected ADS should comply with 37 CFR 1.76(c)(2), which requires
that any changes to an ADS be identified with markings (underline for addition, strike through
for deletion).

Applicant should additionally file, as a paper separate from its next response, a Request
for Corrected Filing Receipt. This is the best way to ensure that these changes are acted upon

and corrected by the appropriate official.

V. Reissue Oath/Declaration
The reissue oath/declaration filed with the ‘161 Reissue Proceedings is defective because

it does not specifically identify an error with reference to the particular claim(s) and claim

language in which the error is found. See 37 CFR 1.175 and MPEP § 1414.

Reissue — Non Final Office Action Part of Paper No. 20160725
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The reissue oath/declaration filed on 16 June 2015 (“June 2015 Declaration”) states the at
least one error which the ‘161 Reissue Proceedings is based on the failure “to claim aspects of
the indention related to sensing gone segments on a span optical fiber wherein the zone segments
have specialized sensing functions.” (June 2015 Declaration). The Examiner finds that the at
least one error relied upon by Applicant is insufficient in that the June 2015 Declaration does not
identify a single word, phrase, or expression in the specification or in an original claim, and how

it renders the original patent wholly or partly inoperative or invalid. (See MPEP § 1414.11).

VI. Objections to the Specification

The Nov 2015 Spec Amendment does not comply with 37 CFR 1.173(b) and is objected
to because the deleted text is not enclosed in brackets and the new matter added to the Abstract is
not underlined as set forth in 37 CFR 1.173(d). (See MPEP § 1453).

The Nov 2015 Spec Amendment is further objected to because the first sentence of the
specification does not contain sufficient notification stating that more than one reissue
application has been filed and identifying each of the reissue applications by relationship,
application number and filing date as set forth in 37 CFR 1.177(a). (See MPEP § 1451).

The specification is objected to as failing to provide proper antecedent basis for the
claimed subject matter. See 37 CFR 1.75(d)(1) and MPEP § 608.01(0). Correction of the
following is required: The Examiner finds that claims 27 and 35 recite “said/the light source is a
planar, ring-type laser.” The Examiner finds that the ‘971 patent has insufficient antecedent
basis for a light source being a planar, ring type laser (emphasis added).

In addition, the disclosure is objected to because of at least the following informalities:

Reissue — Non Final Office Action Part of Paper No. 20160725
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“lasers 1 and 45 in ¢.19, 11.17-19 should read —lasers 3 and 45—;

“735, respectively, and the... in ¢.29, 1. 32 should read —7585, respectively, and the.... —;

reference character “99” in ¢.23, 1.60 should be bolded;

“pate 103” in c.24, 1.38 should read —path 103--;

"pre-amplifier 117, amplifier and is...” in ¢.24, 1.50 should read —the pre-amplifier 117
and is... —;

“paths 101 and 103” in ¢.24, 1.55 should read —optical paths 101 and 103—; and

“clectrical pathways 231, 233, 225 respectively.” in ¢.25, 1.30 should read —electrical
pathways 231, 233, 235 respectively.—.

While the above informalities are utilized to illustrate examples of informalities present
throughout the disclosure of the ‘971 patent, the Examiner finds that the ‘971 patent is replete
with such typos and incorrect element to Figure mappings. So as to avoid further specification
objection issues and to provide clear and consistent language throughout the ‘971 patent, the
Examiner suggests that Applicant evaluate the ‘971 patent and amend accordingly.

Appropriate correction is required.

VII. Objections to the Drawing

The drawings are objected to as failing to comply with 37 CFR 1.84(p)(4) because

bR I 1Y

reference character “9” has been used to designate “fiber span”, “ROSE fiber optic array”, “optic

EE TS EE N

fiber or medium”, “optical fiber span”, “span”, and “fiber”; reference character “15” has been

2% ¢

used to designate “optical receiver”, “receiver”, “heterodyne optical receiver”, and “signal”;

EE N

reference character “23” has been used to designate “a single set of correlators”, “correlator

Reissue — Non Final Office Action Part of Paper No. 20160725
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EE Y

System”,

2% ¢

correlator circuit”, “correlator”, “the set” and “programmable correlation”; and

2% ¢

reference character “53” has been used to designate “a correlation code generator”, “master

% <6 2% ¢

correlating code generator”, “generator”, “PRN code generator” and “code generator”
Corrected drawing sheets in compliance with 37 CFR 1.121(d) are required in reply to
the Office action to avoid abandonment of the application. Any amended replacement drawing
sheet should include all of the figures appearing on the immediate prior version of the sheet,
even if only one figure is being amended. Each drawing sheet submitted after the filing date of
an application must be labeled in the top margin as either “Replacement Sheet” or “New Sheet”
pursuant to 37 CFR 1.121(d). If the changes are not accepted by the examiner, the applicant will

be notified and informed of any required corrective action in the next Office action. The

objection to the drawings will not be held in abeyance.

The drawings are objected to as failing to comply with 37 CFR 1.84(p)(4) because
reference characters "23" and "26" have both been used to designate the correlator system.
Corrected drawing sheets in compliance with 37 CFR 1.121(d) are required in reply to the Office
action to avoid abandonment of the application. Any amended replacement drawing sheet should
include all of the figures appearing on the immediate prior version of the sheet, even if only one
figure is being amended. Each drawing sheet submitted after the filing date of an application
must be labeled in the top margin as either “Replacement Sheet” or “New Sheet” pursuant to 37
CFR 1.121(d). If the changes are not accepted by the examiner, the applicant will be notified and
informed of any required corrective action in the next Office action. The objection to the

drawings will not be held in abeyance.
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The drawings are objected to as failing to comply with 37 CFR 1.84(p)(5) because they
do not include the following reference sign(s) mentioned in the description: “261” in ¢.25, 1.38 of
‘971 patent. Corrected drawing sheets in compliance with 37 CFR 1.121(d) are required in reply
to the Office action to avoid abandonment of the application. Any amended replacement drawing
sheet should include all of the figures appearing on the immediate prior version of the sheet,
even if only one figure is being amended. Each drawing sheet submitted after the filing date of
an application must be labeled in the top margin as either “Replacement Sheet” or “New Sheet”
pursuant to 37 CFR 1.121(d). If the changes are not accepted by the examiner, the applicant will
be notified and informed of any required corrective action in the next Office action. The

objection to the drawings will not be held in abeyance.

The drawings are objected to as failing to comply with 37 CFR 1.84(p)(5) because they
include the following reference character(s) not mentioned in the description: “251”, “253” and
“255” in Figure 6 are not disclosed in the Specification. Corrected drawing sheets in compliance
with 37 CFR 1.121(d), or amendment to the specification to add the reference character(s) in the
description in compliance with 37 CFR 1.121(b) are required in reply to the Office action to
avoid abandonment of the application. Any amended replacement drawing sheet should include
all of the figures appearing on the immediate prior version of the sheet, even if only one figure is
being amended. Each drawing sheet submitted after the filing date of an application must be
labeled in the top margin as either “Replacement Sheet” or “New Sheet” pursuant to 37 CFR

1.121(d). If the changes are not accepted by the examiner, the applicant will be notified and
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informed of any required corrective action in the next Office action. The objection to the

drawings will not be held in abeyance.

The drawings are objected to as failing to comply with 37 CFR 1.84(p)(5) because they
do not include the following reference sign(s) mentioned in the description: “51”. Corrected
drawing sheets in compliance with 37 CFR 1.121(d) are required in reply to the Office action to
avoid abandonment of the application. Any amended replacement drawing sheet should include
all of the figures appearing on the immediate prior version of the sheet, even if only one figure is
being amended. Each drawing sheet submitted after the filing date of an application must be
labeled in the top margin as either “Replacement Sheet” or “New Sheet” pursuant to 37 CFR
1.121(d). If the changes are not accepted by the examiner, the applicant will be notified and
informed of any required corrective action in the next Office action. The objection to the

drawings will not be held in abeyance.

While the above informalities are utilized to illustrate examples of the drawing issues
present throughout the disclosure of the ‘971 patent, the Examiner finds that the ‘971 patent is
replete with such typos and incorrect element to Figure mappings. So as to avoid further
drawings objection issues and to provide clear and consistent language throughout the ‘971
patent, it is suggested that Applicant amend the ‘971 patent.

Appropriate correction is required.

VIII. Objections to the Claims
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The Nov 2015 Claim Amendment does not comply with 37 CFR 1.173(b) and is objected
to because the new matter added to the Nov 2015 Claim Amendment is not underlined as set
forth in 37 CFR 1.173(d). (See MPEP § 1453).

The Nov 2015 Claim Amendment to the claims does not comply with 37 CFR 1.173(c)
and are objected to because there is no explanation of the written description support for the new
claims in the ‘971 patent. See MPEP § 1453. The Nov 2015 Remarks at 10 purports to include
such an explanation of support for the changes made in the Nov 2015 Claim Amendment, but do

not fully address the new claims.

IX. Claim Interpretation

After careful review of the original specification, the prosecution history, and unless
expressly noted otherwise by the Examiner, the Examiner finds that he is unable to locate any
lexicographic definitions (either express or implied) with reasonable clarity, deliberateness, and
precision. Because the Examiner is unable to locate any lexicographic definitions with
reasonable clarity, deliberateness, and precision, the Examiner concludes that Applicant is not
his/her own lexicographer. See MPEP §2111.01 IV.

Additionally, the Examiner finds that because the Examined Claims do not recite “step,”
“means” or a claim term used as a substitution for “means” (i.e. a generic placeholder for
“means”’), the Examined Claims fail Prong (A) as set forth in MPEP §2181 1. Because the
Examined Claims fail Prong (A) as set forth in MPEP §2181 L., the Examiner concludes that all
Examined Claims do not invoke 35 U.S.C. §112, 6th paragraph. See also Ex parte Miyazaki, 89

USPQ2d 1207, 1215-16 (B.P.A.IL 2008)(precedential).
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The Examiner hereby adopts the following interpretations below under the broadest
reasonable interpretation standard. In other words, the Examiner has provided the following
interpretations simply as express notice of how he is interpreting particular terms under the

broadest reasonable interpretation standard.

X. Broadening of Examined Claims

The following is a quotation of 35 U.S.C. § 251(d):

(d) REISSUE PATENT ENLARGING SCOPE OF CLAIMS.—No reissued patent shall

be granted enlarging the scope of the claims of the original patent unless applied for

within two years from the grant of the original patent.

The Examiner finds that independent new independent claims 23 and 31 are broadened
claims because the claims enlarge the scope of the patent, i.e., a claim which is greater in scope
than each and every claim of the original patent. (See MPEP § 1412.03(])).

A. System of Claims 23-30

With respect to the reissue claim 23 of the ‘161 Reissue Proceedings (“RI Claim 23”), the
Examiner finds that RI Claim 23 is similar in scope to that of now patented claim 21 of ‘971
patent (“Patent Claim 21”). (See Nov 2015 Remarks at 10).

The Examiner finds that RI Claim 23 recites:

a light source operative to provide a continuous wave (CW) optical signal
(“Broad Claim 23 Light Source”);

an optical receiver joined to said span and capable of receiving a retrieved

optical signal returned therefrom, wherein the retrieved optical signal
comprises back-propagating portions of the illumination from sensing

zone segments, said receiver operative to produce a radio frequency (r.f.)
counterpart signal of the retrieved optical signal
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(“Broad Claim 23 Optical Receiver”); and

a processor operative to detect a reiterative autocorrelatable form of
modulation from the counterpart signal in a corresponding plurality of
different timed relationships with respect to the reiterative
autocorrelatable form of modulation of the CW optical signal to give a
measurement representative of the electromagnetic field proximate to at
least one zone segment.

(“Broad Claim 23 Correlator”).
(‘768 Reissue Proceedings, Nov 2015 Claim Amendment, RI Claim 23).
The Examiner finds that Patent Claim 21 recites:
means for illuminating an optical fiber span with a CW optical signal
(“Narrow Claim 21 Light Source”); and

means for retrieving back-propagating portions of the illumination back
propagating from a continuum of locations along the span

(“Narrow Claim 21 Lightwave Coupler”);

means for picking off a radio frequency (r.f.) counterpart of the retrieved
signal, wherein the r.f. counterpart is in phase locked synchronism with
the CW optical signal

(“Narrow Claim 21 Optical Receiver”);

means for performing a corresponding plurality of autocorrelation detections
upon said (r.f.) counterpart of the retrieved optical signal wherein said
performing of the respective autocorrelation detections of the plurality of
autocorrelation detection by said means for performing autocorrelation-
detections are done in a corresponding plurality of different timed
relationships with respect to the reiterative autocorrelatable form of
modulation of the CW optical signal

(“Narrow Claim 21 Correlator”). (‘971 patent, Patent Claim 21).
In Patent Claim 21, the Examiner finds that the Narrow Claim 21 Light Source, Narrow

Claim 21 Lightwave Coupler, Narrow Claim 21 Optical Receiver, and Narrow Claim 21
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Correlator elements recite their claim structure requirements with “means for” language. Use of
the word “means” (or “step for””) in a claim with functional language creates a rebuttable
presumption that the claim element is to be treated in accordance with 35 U.S.C. 112(f) (pre-AIA
35 U.S.C. 112, sixth paragraph). The presumption that 35 U.S.C. 112(f) (pre-AIA 35 U.S.C. 112,
sixth paragraph) is invoked is rebutted when the function is recited with sufficient structure,
material, or acts within the claim itself to entirely perform the recited function.

Absence of the word “means” (or “step for”) in a claim creates a rebuttable presumption
that the claim element is not to be treated in accordance with 35 U.S.C. 112(f) (pre-AIA 35
U.S.C. 112, sixth paragraph). The presumption that 35 U.S.C. 112(f) (pre-AIA 35 U.S.C. 112,
sixth paragraph) is not invoked is rebutted when the claim element recites function but fails to
recite sufficiently definite structure, material or acts to perform that function.

Claim elements in Patent Claim 21 that use the word “means” (or “step for”) are
presumed to invoke 35 U.S.C. 112(f) except as otherwise indicated in an Office action.
Similarly, claim elements that do not use the word “means” (or “step for”) are presumed not to

invoke 35 U.S.C. 112(f) except as otherwise indicated in an Office action.

(1) Functional Phrase

The Examiner finds that Patent Claim 21 expressly recites:

means for illuminating an optical fiber span with a CW optical signal.
[Emphasis added].

“Functional Phrase 1” or “FP1” — From Patent Claim 21.
To invoke 35 U.S.C. § 112 6™ paragraph, a claimed phrase must meet the three (3) prong
analysis as set forth in MPEP § 2181 L
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i 3-Prong Analysis: Prong (A)
In accordance with Prong (A), the MPEP states:
(A) the claim limitation uses the term “means” or “step” or a term used as a
substitute for “means” that is a generic placeholder (also called a nonce term or a
non-structural term having no specific structural meaning) for performing the
claimed function ....
MPEP § 2181 I. — Prong (A).

Because FP1 expressly recites a “means for,” the Examiner concludes that FP1 meets

Invocation Prong (A).

ii. 3-Prong Analysis: Prong (B)
In accordance with the MPEP, Prong (B) requires:

(B) the term “means” or “step” or the generic placeholder is modified by
functional language, typically, but not always linked by the transition word “for”
(e.g., “means for”) or another linking word or phrase, such as “configured to” or
“so that” ...

MPEP § 2181 I. — Prong (B).
Based upon a review of FP1, the Examiner finds that claimed functions are:
illuminating an optical fiber span with a CW optical signal.
“Function of Functional Phrase 1" or “FFP1.”

Because FP1 recites the above recited functions, the Examiner concludes that FP1 meets

Invocation Prong (B).

iii. 3-Prong Analysis: Prong (C)
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In accordance with the MPEP, Prong (C) requires:

(C) the term “means” or “step” or the generic placeholder is not modified
by sufficient structure, material, or acts for performing the claimed function.

MPEP § 2181 I. — Prong (C).

Based upon a review of the entire FP1, the Examiner concludes that FP1 does not contain
sufficient structure for performing the entire claimed function of FP1.? In fact, the Examiner
finds that the Functional Phrase 1 recites very little structure (if any) for performing the claimed
function.

Because the Functional Phrase 1 does contain insufficient structure for performing the
entire claimed functions, the Examiner concludes that the FP1 meets Invocation Prong (C).

In conclusion, because FP1 meets the three prong analysis set forth in MPEP §2181 I,

the Examiner concludes that Functional Phrase 1 invokes 35 U.S.C. §112, 6th paragraph.

iv. Corresponding structure for Functional Phrase #1

Once a claimed phrase invokes 35 U.S.C. § 112 6" paragraph, the next step is to
determine the corresponding structure. (MPEP § 2181 II).

The Examiner has again carefully reviewed the original disclosure to determine the
corresponding structure for FP1. In reviewing the original disclosure, the Examiner finds that the
‘071 patent discloses

FIG. 3 is an illustrative block diagram implemention [sic] of the Rayleigh optical

scattering and encoding (ROSE) sensor system 2. Like parts correspond to like

numbers. A lightwave from transmitter laser, 3, is propagated through optical
coupler or beamsplitter, 4.

* Although not necessary, the Examiners have reviewed the rest of claim 21 and the entire claim
does not contain sufficient structure for performing the functions as set forth within the
Functional Phrases.
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(‘971 patent at ¢.15, 11.51-55; see Figure 3; emphasis added); and

In accordance with the present invention, lasers 3 and 45 are to have sufficiently
stringent high performance capability with respect to exactness of frequency to
enable interference effects therebetween and heterodyne detection of acoustic
perturbation signals incident to fiber 9 to produce beat frequencies within the
radio frequency (r.f.) range. Also in accordance with the present invention, lasers
3 and 45 have stringent performance criteria with respect to the phase stability, or
coherence, of their beams. They are to be substantially coherent over at least a
propagation path distance substantially equal to twice the length, L, of sensing
fiber 9. For example, a commercially available non-planar, ring laser (e.g.
Lightwave Electronics Corp. Model 125) would be suitable for an intruder
sensing perimeter intrusion monitoring fiber 9 having a length of 8.0 km
(approximately 5 miles). The laser beam of this commercially available laser,
which is in the near infrared range, has a frequency of 227 terahertz, or 1319
nanometer wavelength, and has a frequency stability accurately within one part in
a billion over 1 millisecond period, or 5 Kilohertz in a 1 millisecond period.

(‘971 patent at ¢.20, 11.1-21; emphasis added).
Thus, in light of the portions of the ‘971 patent cited above, the Examiner concludes the
structure for performing the FFP1 of Patent Claim 21 (i.e., the Narrow Claim 21 Light Source) as

a transmitter laser that is of the non-planar, ring-type.

(2) Functional Phrase

The Examiner finds that Patent Claim 21 expressly recites:

means for retrieving back-propagating portions of the illumination back
propagating from a continuum of locations along the span. [Emphasis added.]

“Functional Phrase 2” or “FP2” — From Patent Claim 21.
To invoke 35 U.S.C. § 112 6™ paragraph, a claimed phrase must meet the three (3) prong

analysis as set forth in MPEP § 2181 L
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i 3-Prong Analysis: Prong (A)
Because FP2 expressly recites a “means for,” the Examiner concludes that FP2 meets

Invocation Prong (A).

ii. 3-Prong Analysis: Prong (B)
Based upon a review of FP2, the Examiner finds that claimed function is:

retrieving back-propagating portions of the illumination back propagating from a
continuum of locations along the span.

“Function of Functional Phrase 2” or “FFP2.”
Because FP2 recites the above recited function, the Examiner concludes that FP2 meets

Invocation Prong (B).

iii. 3-Prong Analysis: Prong (C)

Based upon a review of the entire FP2, the Examiner concludes that FP2 does not contain
sufficient structure for performing the entire claimed function of FP2. In fact, the Examiner
finds that the Functional Phrase 2 recites very little structure (if any) for performing the claimed
function.

Because the Functional Phrase 2 does contain insufficient structure for performing the
entire claimed functions, the Examiner concludes that the FP2 meets Invocation Prong (C).

In conclusion, because FP2 meets the three prong analysis set forth in MPEP §2181 L.,

the Examiner concludes that Functional Phrase 2 invokes 35 U.S.C. §112, 6th paragraph.

’Id.
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iv. Corresponding structure for Functional Phrase #2

Once a claimed phrase invokes 35 U.S.C. § 112 6" paragraph, the next step is to
determine the corresponding structure. (MPEP § 2181 II).

The Examiner has again carefully reviewed the original disclosure to determine the
corresponding structure for FP2. In reviewing the original disclosure, the Examiner finds that the
‘071 patent discloses

The interrogation lightwave is propagated from optical modulator, 5, to

optical coupler, beamsplitter or circulator, 7. The interrogation lightwave

passes through the optical coupler, 7, into optical fiber or other light

propagation medium, 9. Hereinafter, "down", indicates a transversal on the

optical path, 9, away from coupler, 7; ""up'' indicates a transversal on the

optical path 9 toward the optical coupler, beamsplitter or circulator, 7. The

interrogation lightwave which transverses down the optical fiber or medium 9 is

modulated ... The composite lightwave propagates up the optical fiber or

medium 9, passes through optical coupler, beamsplitter or circulator, 7, to

optical pathway, 11. Optical pathway, 11, passes the backscattered, time-delay

multiplexed, composite lightwave, E(t), to the optical receiver, 15.

(‘971 patent at ¢.16, 1. 1 — .17, 1.14; see Figure 3; emphasis added)
Thus, in light of the portions of the ‘971 patent cited above, the Examiner concludes the

structure for performing the FFP2 of Patent Claim 21 (i.e., the Narrow Claim 21 Lightwave

Coupler) as an optical coupler, beamsplitter or circulator.

(3) Functional Phrase

The Examiner finds that Patent Claim 21 expressly recites:
means for picking off a radio frequency (r.f.) counterpart of the retrieved
signal, wherein the r.f. counterpart is in phase locked synchronism with the CW

optical signal. [Emphasis added.]

“Functional Phrase 3” or “FP3” — From Patent Claim 21.
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To invoke 35 U.S.C. § 112 6™ paragraph, a claimed phrase must meet the three (3) prong

analysis as set forth in MPEP § 2181 L

i 3-Prong Analysis: Prong (A)
Because FP3 expressly recites a “means for,” the Examiner concludes that FP3 meets

Invocation Prong (A).

ii. 3-Prong Analysis: Prong (B)
Based upon a review of FP3, the Examiner finds that claimed function is:
picking off a radio frequency (r.f.) counterpart of the retrieved signal.
“Function of Functional Phrase 3” or “FFP3.”
Because FP3 recites the above recited function, the Examiner concludes that FP3 meets

Invocation Prong (B).

iii. 3-Prong Analysis: Prong (C)

Thus, based upon a review of the entire FP3, the Examiner concludes that FP3 does not
contain sufficient structure for performing the entire claimed function of FP3." In fact, the
Examiner finds that the Functional Phrase 3 recites very little structure (if any) for performing
the claimed function.

Because the Functional Phrase 3 does contain insufficient structure for performing the

entire claimed functions, the Examiner concludes that the FP3 meets Invocation Prong (C).

“d.
Reissue — Non Final Office Action Part of Paper No. 20160725

HALLIBURTON, Exh. 1014, p. 0110



Application/Control Number: 14/686,161 Page 20
Art Unit: 3992

In conclusion, because FP3 meets the three prong analysis set forth in MPEP §2181 I,

the Examiner concludes that Functional Phrase 3 invokes 35 U.S.C. §112, 6th paragraph.

iv. Corresponding structure for Functional Phrase #3
Once a claimed phrase invokes 35 U.S.C. § 112 6" paragraph, the next step is to
determine the corresponding structure. (MPEP § 2181 II).
The Examiner has again carefully reviewed the original disclosure to determine the
corresponding structure for FP3. In reviewing the original disclosure, the Examiner finds that the
‘071 patent discloses

Optical pathway, 11, passes the backscattered, time-delay multiplexed,
composite lightwave, E.(t), to the optical receiver, 15.

(‘971 patent at ¢.17, 11.12-15; see Figures 3-5; emphasis added);

Refer to FIG. 3. The composite lightwave on optical path 11, is an
input into optical receiver 15. The local oscillator lightwave on optical path,
13, is also an input into optical receiver, 15. The local oscillator and composite
lightwaves are interfered on photodetectors producing an electronic signal which
electronically represents the heterodyned optical interference power between
the two lightwaves... The local oscillator lightwave on optical path, 13, is
interfered with the composite lightwave on optical path 11. The interference
power is photodetected in optical receiver, 15, by optically interfering the
composite back propagating lightwave on the local oscillator signal. As one of
the components of this interfering action, there is produced a difference beat
signal which is a composite radio frequency representation of the composite light
wave on optical path, 11.

(Id. at .19, 1.33-53; see Figures 3, 4; emphasis added);

The interrogation lightwave is propagated from optical modulator, 5, to
optical coupler, beamsplitter or circulator, 7. The interrogation lightwave
passes through the optical coupler, 7, into optical fiber or other light
propagation medium, 9. Hereinafter, "down", indicates a transversal on the
optical path, 9, away from coupler, 7; ""up'' indicates a transversal on the
optical path 9 toward the optical coupler, beamsplitter or circulator, 7. The
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interrogation lightwave which transverses down the optical fiber or medium 9 is
modulated ... The composite lightwave propagates up the optical fiber or
medium 9, passes through optical coupler, beamsplitter or circulator, 7, to
optical pathway, 11. Optical pathway, 11, passes the backscattered, time-delay
multiplexed, composite lightwave, Ex(t), to the optical receiver, 15.

(Id. atc.16,1. 1 —c.17, 1.14; see Figure 3; emphasis added). The Examiner finds that the ‘971
patent provides two embodiments of the “heterodyne optical receiver”, with Figure 4 being

“preferred.” (Id. at ¢.24, 1. 25 — ¢.25, 1.11; see Figures 4-5; emphasis added).

Thus, in light of the portions of the ‘971 patent cited above, the Examiner concludes the
structure for performing the FFP3 of Patent Claim 21 (i.e., the Narrow Claim 21 Optical

Receiver) as a heterodyne optical receiver having either all of the required the characteristics of

Figure 4 or 5.

(4) Functional Phrase

The Examiner finds that Patent Claim 21 expressly recites:

means for performing a corresponding plurality of autocorrelation
detections upon said (r.f.) counterpart of the retrieved optical signal wherein said
performing of the respective autocorrelation detections of the plurality of
autocorrelation detection by said means for performing autocorrelation-detections
are done in a corresponding plurality of different timed relationships with respect
to the reiterative autocorrelatable form of modulation of the CW optical signal
[Emphasis added.]

“Functional Phrase 4” or “FP4” — From Patent Claim 21.
To invoke 35 U.S.C. § 112 6™ paragraph, a claimed phrase must meet the three (3) prong

analysis as set forth in MPEP § 2181 L

i 3-Prong Analysis: Prong (A)
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Because FP4 expressly recites a “means for,” the Examiner concludes that FP4 meets

Invocation Prong (A).

ii. 3-Prong Analysis: Prong (B)
Based upon a review of FP4, the Examiner finds that claimed function is:

performing a corresponding plurality of autocorrelation detections upon said (r.f.)
counterpart of the retrieved optical signal

“Function of Functional Phrase 4” or “FFP4.”
Because FP4 recites the above recited function, the Examiner concludes that FP4 meets

Invocation Prong (B).

iii. 3-Prong Analysis: Prong (C)

Thus, based upon a review of the entire FP4, the Examiner concludes that FP4 does not
contain sufficient structure for performing the entire claimed function of FP4. In fact, the
Examiner finds that the Functional Phrase 4 recites very little structure (if any) for performing
the claimed function.

Because the Functional Phrase 4 does contain insufficient structure for performing the
entire claimed functions, the Examiner concludes that the FP4 meets Invocation Prong (C).

In conclusion, because FP4 meets the three prong analysis set forth in MPEP §2181 I,

the Examiner concludes that Functional Phrase 2 invokes 35 U.S.C. §112, 6th paragraph.

iv. Corresponding structure for Functional Phrase #4

’Id.
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Once a claimed phrase invokes 35 U.S.C. § 112 6" paragraph, the next step is to
determine the corresponding structure. (MPEP § 2181 II).

The Examiner has again carefully reviewed the original disclosure to determine the
corresponding structure for FP4. In reviewing the original disclosure, the Examiner finds that the
‘071 patent discloses

[t]he resulting composite radio frequency signal at output, 17, represents
electronically the composite lightwave signal on optical path, 11. The composite
electronic receiver signal is passed from optical receiver output, 17, through
amplifier, 19, via electronic path, 21, to the correlator system, 23.

(‘971 patent at ¢.19, 11.39-44; see Figures 3, 6; emphasis added);

[t]he correlator system delays the master correlation code generator
output, 51, an appropriate amount and correlates the delayed correlation code with
the composite radio frequency signal. This produces electrical outputs Oy, O,. . .
O, corresponding to signals S, S» . . . Sy, in turn corresponding to spatial delays
L;, Ly ... L, The spatial delays L;, L, . . . L, are arbitrary and programmable.
The electrical output O; corresponds to B(t, L) referred to in the preceding
subsection 2(a).

The correlation process is well understood in the literature. The signal that
represents the backscattered optical wave in array, 9, that is passed from the
optical receiver 15, to the correlator system 23, contains all of the information
for all sensors or channels Sy, S, . . . S, at once on the electronic signal path 21
entering the correlator 23. Because the backscattered composite signal is
modulated with the correlation code by modulator 5, the backscattered light is
time structured with the time structure of the correlation code. Because the
correlation code is selected to have special autocorrelation code properties,
the time structure of the correlation codes allows an electronic representation
of the backscattered light at positions Ly, L, . . . L, to be obtained via the
correlation process in the correlator 23.

(‘971 patent at ¢.20, 1. 50 — c.21, 1.5; see Figure 3; emphasis added). The Examiner finds that the
‘971 patent provides an embodiment of the “correlator system”, with Figure 6 being “an example
implementation of the correlation system.” (Id. at .25, 11.12-67; see Figure 6; emphasis added).

Thus, in light of the portions of the ‘971 patent cited above, the Examiner concludes the
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structure for performing the FFP4 of Patent Claim 21 (i.e., the Narrow Claim 21 Correlator) as a

correlator system having all of the required characteristics of Figure 6.

In light of the invocation of 35 U.S.C. § 112 6" paragraph in Patent Claim 21, the
Examiner finds that any new claim similar to Patent Claim 21 must include the claim
requirements of the Functional Phrases as set forth above in order to not be interpreted as
broadened. (See §§ X.A.(1)-(4) above).

The Examiner finds that RI Claim 23 does not include the light source that is a

transmitter laser that is of the non-planar, ring-tyvpe. The Examiner finds that RI Claim 23 does

not include the optical receiver that is a heterodyne optical receiver having either the

characteristics of Figure 4 or 5. The Examiner finds that RI Claim 23 does not include a

processor that is a correlator system having all of the required characteristics of Figure 6. The

Examiner finds that RI Claim 23 does not include any recitation to a directional/lightwave

optical coupler, beamsplitter or circulator.

Thus, the Examiner concludes that RI Claim 23 is broadened at least by deleting/omitting
the patent claim language requiring:

means for illuminating an optical fiber span with a CW optical sisnal

(“Claim 23 Light Source Omission”; i.e., a transmitter laser that is of the non-planar, ring-
type; emphasis added);

means for retrieving back-propagating portions of the illumination back
propasating from a continuum of locations along the span

(““Claim 23 Lightwave Coupler Omission”; i.e., a directional/lightwave optical coupler, beamsplitter

or circulator; emphasis added);
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means for performing a corresponding plurality of autocorrelation detections
upon said (r.f.) counterpart of the retrieved optical signal wherein said
performing of the respective autocorrelation detections of the plurality of
autocorrelation detection by said means for performing autocorrelation-
detections are done in a corresponding plurality of different timed
relationships with respect to the reiterative autocorrelatable form of
modulation of the CW optical signal

(““Claim 23 First Optical Receiver Omission”; i.e., a heterodyne optical receiver having either the

characteristics of Figure 4 or 5; emphasis added);

means for performing a corresponding plurality of autocorrelation detections
upon said (r.f.) counterpart of the retrieved optical signal wherein said
performing of the respective autocorrelation detections of the plurality of
autocorrelation detection by said means for performing autocorrelation-detections
are done in a corresponding plurality of different timed relationships with respect
to the reiterative autocorrelatable form of modulation of the CW optical signal

(“Claim 23 Correlator Omission”; i.e., a correlator system having all of the required

characteristics of Figure 6; emphasis added);

Thus, since these omissions provide claims which are greater in scope than each and
every claim of the original patent, the Examiner concludes that at least new independent claim 23
and dependent claims thereof are broadened reissue claims, as compared to the claims of the

‘971 patent.

B. Method of Claims 31-38

With respect to the reissue claim 31 of the ‘161 Reissue Proceedings (“RI Claim 317), the
Examiner finds that RI Claim 31 recites a process claim that has not been previously presented in
the ‘630 Proceedings. MPEP § 1412.03 states,

[t]he addition of process claims as a new category of invention to be claimed in
the patent (i.e., where there were no method claims present in the original patent)
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is generally considered as being a broadening of the invention. See Ex parte
Wikdahl, 10 USPQ2d 1546 1549 (Bd. Pat. App. & Inter. 1989).

Thus, since Applicant has added claims to a new category of invention in the
‘161 Reissue Proceedings, the Examiner concludes that at least new independent claim
31 and dependent claims 32-38 thereof are broadened reissue claims. (See MPEP §

1412.03(111)).

XI. Rejections under 35 U.S.C. § 251
Claims 23-38 are rejected under 35 U.S.C. 251 as being broadened in a reissue
application filed outside the two year statutory period. The Examiner finds that the claim
limitations that broaden the scope of the reissue claims of the ‘161 Reissue Proceedings are
identified and explained in § X above, which is incorporated by reference. A claim is broader in
scope than the original claims if it contains within its scope any conceivable product or process
which would not have infringed the original patent. A claim is broadened if it is broader in any

one respect even though it may be narrower in other respects.

Claims 23-38 are rejected under 35 U.S.C. 251 as being improperly broadened in a
reissue application made and sworn to by the assignee. The application for reissue may be made
and sworn to by the assignee of the entire interest only if the application does not seek to enlarge
the scope of the claims of the original patent or, for reissue applications filed on or after
September 16, 2012, the application for the original patent was filed by the assignee of the entire

interest under 37 CFR 1.46.
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The Examiner finds that the claim limitations that broaden the scope of the reissue claims
of the ‘161 Reissue Proceedings are identified and explained in § X above, which is incorporated
by reference. A claim is broader in scope than the original claims if it contains within its scope
any conceivable product or process which would not have infringed the original patent. A claim

is broadened if it is broader in any one respect even though it may be narrower in other respects.

Claims 23-38 are rejected under 35 U.S.C. 251 as being based upon new matter added to
the patent for which reissue is sought. The added material which is not supported by the prior
patent is as follows:

The Examiner finds that there is insufficient indication in the specification that Applicant
had possession of a system for detecting an acoustic signal and method for sensing that includes

a light source that is not a laser. (See § XII below for further explanation)

Claims 23-38 are rejected as being based upon a defective reissue declaration under 35
U.S.C. 251 as set forth above. See 37 CFR 1.175.
The nature of the defect(s) in the declaration is set forth in the discussion above in this

Office action. (See § V above, which is incorporated by reference).

XII. Rejections under 35 U.S.C. § 112

The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and
process of making and using it, in such full, clear, concise, and exact terms as to enable any person
skilled in the art to which it pertains, or with which it is most nearly connected, to make and use the
same, and shall set forth the best mode contemplated by the inventor of carrying out his invention.
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The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

Claims 23-38 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AIA), first
paragraph, as failing to comply with the written description requirement. The claim(s) contains
subject matter which was not described in the specification in such a way as to reasonably
convey to one skilled in the relevant art that the inventor or a joint inventor, or for pre-AIA the
inventor(s), at the time the application was filed, had possession of the claimed invention. The
Examiner finds that new independent claims 23 and 31 recite,

a light source operative to provide a continuous wave (CW) optical signal
(Nov 2015 Claim Amendment, claim 23); and

illuminating the span with a modulated continuous wave (CW) optical signal with
a reiterative autocorrelatable form of modulation

(Nov 2015 Claim Amendment, claim 31). The Examiner finds that the 'light source' and
"illuminating step” provide a ‘continuous wave optical signal’ that is either modulated or
potentially both (i.e., modulated or un-modulated). The Examiner finds that the 'light
source' and 'illuminating step’ inherently include both ‘coherent’ and ‘incoherent’ light
sources. The Examiner finds that new claims 23 and 31 have insufficient claim
limitations requiring the 'light source' or 'illuminating' to be performed by another light
source other than a laser as the '971 patent requires (i.e., an incoherent light source such
as an LED, etc.). (See Claim 23 Light Source Omission discussion in § X above). To
support the Examiner’s position that only a 'laser' is required to be the light source, the

Examiner finds that the ‘971 patent states,
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FIG. 3 is an illustrative block diagram implemention [sic] of the Rayleigh optical
scattering and encoding (ROSE) sensor system 2. Like parts correspond to like
numbers. A lightwave from transmitter laser, 3, is propagated through optical
coupler or beamsplitter, 4. The smaller portion of the transmitter laser power split
off by optical coupler, 4, is passed by optical path, 39, to the phase locking means
optical receiver 35. The larger portion of the transmitter laser light power is
split by optical coupler, 4, and propagated to optical modulator, 5. The optical
modulator, 5, modulates the laser light passing from optical coupler, 4, with
correlation code, c(t), as electronically generated in master correlation code
generator, 53, and amplified by amplifier, 49. The correlation code, c(t), is
modulated onto the laser light in optical modulator, 5. This modulated light
comprises the optical interrogation lightwave, Ei(t). The optical modulator, 5, may
modulate the amplitude, polarization or phase of the laser light subject to the
teachings of the invention. The interrogation lightwave is propagated from
optical modulator, 5, to optical coupler, beamsplitter or circulator, 7. The
interrogation lightwave passes through the optical coupler, 7, into optical
fiber or other light propagation medium, 9.

(‘971 patent at ¢.15, 1.51 — the .16, 1.5; see Figure 3; emphasis added); and

In accordance with the present invention, lasers 3 and 45 are to have sufficiently
stringent high performance capability with respect to exactness of frequency to
enable interference effects therebetween and heterodyne detection of acoustic
perturbation signals incident to fiber 9 to produce beat frequencies within the
radio frequency (r.f.) range. Also in accordance with the present invention, lasers
3 and 45 have stringent performance criteria with respect to the phase stability, or
coherence, of their beams. They are to be substantially coherent over at least a
propagation path distance substantially equal to twice the length, L, of sensing
fiber 9. For example, a commercially available non-planar, ring laser (e.g.
Lightwave Electronics Corp. Model 125) would be suitable for an intruder
sensing perimeter intrusion monitoring fiber 9 having a length of 8.0 km
(approximately 5 miles). The laser beam of this commercially available laser,
which is in the near infrared range, has a frequency of 227 terahertz, or 1319
nanometer wavelength, and has a frequency stability accurately within one part in
a billion over 1 millisecond period, or 5 Kilohertz in a 1 millisecond period.

(‘971 patent at ¢.20, 11.1-21; emphasis added).
As set forth above, the Examiner finds that the Claim 23 Light Source Omission includes:

a first light source for producing a coherent carrier lishtwave signal of a first
predetermined wavelength:

means for illuminating an optical fiber span with a CW optical sisnal:
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A transmitter laser... to illuminate an optical fiber span with a CW optical
signal...

(Claim 23 Light Source Omission; emphasis added). The Examiner finds that ‘a coherent light
wave signal of a predetermined wavelength’ as recited in Patent Claim 1 is inherently produced
by a laser since only a laser produces ‘coherent’ lightwave signals. The Examiner finds that the
‘means for illuminating an optical fiber span with a CW optical signal’ as recited in Patent Claim
21 invokes 112 6™, paragraph, and as such, is a transmitter laser that is of the non-planar, ring-
type, as the ‘971 patent discloses. (‘971 patent at ¢.15,1.51 — ¢.16, 1.5; see Figure 3; see §
X.A.(1) above for analysis). The Examiner finds that Patent Claim 22 explicitly recites ‘a
transmitter laser'. Therefore, the Examiner finds that there is only support for a light source being
a transmitter laser that provides a coherent carrier continuous wave optical signals.

Thus, as such, the Examiner concludes that there is insufficient indication in the
specification that Applicant had possession of a system for detecting an acoustic signal and
method for sensing that includes a light source that is not a laser.

Claims 24-30 and 32-38 are similarly rejected based on their dependency from

independent claims 23 and 31.

Claims 23-38 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the subject
matter which the inventor or a joint inventor, or for pre-AIA the applicant regards as the

invention.
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Claim 23 recites the limitation "said/the span" in lines 3, 13 and 14. There is insufficient
antecedent basis for this limitation in the claim. The Examiner finds that claim 23 initially recites
“a span of optical fiber” in line 2. The Examiner further finds that claims 28-30 recite the
limitation “said span of optical fiber” in lines 1-2. In order to provide clear and consistent
language through the claims, the Examiner suggests Applicant recite —said span of optical fiber—
where appropriate. The claims will be examined as such.

Similarly, claim 31 recites the limitation "the span" in lines 3-4, 6, 9, 12 and 22. There is
insufficient antecedent basis for this limitation in the claim. The Examiner finds that claim 31
initially recites “a span of optical fiber” in line 2. The Examiner further finds that claims 36-38
recite the limitation “said span of optical fiber” in lines 1-2. In order to provide clear and
consistent language through the claims, the Examiner suggests Applicant recite —said span of
optical fiber— or —said coated span of optical fiber— where appropriate. The claims will be
examined as such.

Claim 23 recites the limitation "the modulated CW optical fiber" in lines 12-13. There is
insufficient antecedent basis for this limitation in the claim. The Examiner further queries
Applicant to whether this recitation should be —the modulated CW optical signal—, since the CW
optical signal is modulated in claim 23. (Nov 2015 Claim Amendment, claim 23). Further
clarification and appropriate correction is required.

Claim 23 recites the limitation "the counterpart signal” in lines 23-24. There is
insufficient antecedent basis for this limitation in the claim. The Examiner finds that claim 23

initially recites “a radio frequency (r.f.) counterpart signal” in lines 20-21. In order to provide
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clear and consistent language through the claims, the Examiner suggests Applicant recite —said
r.f. counterpart signal— where appropriate. The claims will be examined as such.

Claim 23 recites the limitation "said receiver” in line 18. There is insufficient antecedent
basis for this limitation in the claim. The Examiner finds that claim 23 initially recites “an optical
receiver” in line 15. In order to provide clear and consistent language through the claims, the
Examiner suggests Applicant recite —said optical receiver— where appropriate. The claims will be
examined as such.

Claim 23 recites the limitation “sensing zone segments” in lines 4-5 and 18. The
Examiner queries Applicant to how instances of “sensing zone segments” are required in claim
23. In order to provide clear and consistent language through the claims, the Examiner suggests
Applicant recite —said sensing zone segments— where appropriate. The claims will be examined
as such.

Claim 23 recites the limitation,

a processor operative to detect a reiterative autocorrelatable form of

modulation from the counterpart signal in a corresponding plurality of different

timed relationships with respect to the reiterative autocorrelatable form of

modulation of the CW optical signal to give at least one signal for each zone

segment.

(Nov 2015 Claim Amendment, claim 23). The Examiner finds that claim 23 requires a processor
to receive information and utilize two inputs to "give at least one signal for each zone segment."
The Examiner queries Applicant to how a processor, that is utilized to process data produced

from the regions the span of optical fiber, can give at least one signal for each zone segment.

Further clarification s required.
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Claim 29 recites the limitation "the polarization preserving type of optical fiber" in lines
2-3. The Examiner finds that it is unclear and indefinite to what exactly constitutes ‘polarization
preserving type’ (emphasis added). Further clarification is required.

Claim 31 recites the limitation "the illumination" in line 11. There is insufficient
antecedent basis for this limitation in the claim.

Claim 31 recites the limitation "the counterpart signal” in line 17. There is insufficient
antecedent basis for this limitation in the claim. The Examiner finds that claim 31 initially recites
“a radio frequency (r.f.) counterpart signal” in line 16. In order to provide clear and consistent
language through the claims, the Examiner suggests Applicant recite —said r.f. counterpart
signal— where appropriate. The claims will be examined as such.

Claim 31 recites the limitation “sensing zone segments” in lines 3-4 and 22. The
Examiner queries Applicant to how instances of “sensing zone segments” are required in claim
23. In order to provide clear and consistent language through the claims, the Examiner suggests
Applicant recite —said sensing zone segments— where appropriate. The claims will be examined
as such.

Claim 33 recites the limitation "the light source" in line 2; and claim 35 recites the
limitation "the light source" in 1. There is insufficient antecedent basis for this limitation in the
claims.

Claim 37 recites the limitation "said span of optical fiber is made from the polarization
preserving type of optical fiber" in lines 2-3. The Examiner finds that it is unclear and indefinite
to what exactly constitutes ‘polarization preserving type’ (emphasis added). Further clarification

is required.

Reissue — Non Final Office Action Part of Paper No. 20160725

HALLIBURTON, Exh. 1014, p. 0124



Application/Control Number: 14/686,161 Page 34
Art Unit: 3992

In general, the claims are replete with such 35 U.S.C. 112, second paragraph issues. The
above notes are exemplary with respect to all of the 35 U.S.C. 112, second paragraph rejections
present in the instant case, all claims must be carefully reviewed and appropriate corrections

should be made in response to this rejection.

The Examiner finds that because claims 23-38 are indefinite under 35 U.S.C. §112
second paragraph as outlined above, it is impossible to properly construe claim scope at this
time. See e.g. Honeywell International Inc. v. ITC, 68 USPQ2d 1023, 1030 (Fed. Cir. 2003)
(“Because the claims are indefinite, the claims, by definition, cannot be construed.”). However,
in accordance with MPEP § 2173.06 and the USPTO’s policy of trying to advance prosecution
by providing art rejections even though these claim are indefinite, the claims are construed and

the art is applied as much as practically possible.

XIII. Double Patenting

The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or
improper timewise extension of the “right to exclude” granted by a patent and to prevent possible
harassment by multiple assignees. A nonstatutory double patenting rejection is appropriate where
the claims at issue are not identical, but at least one examined application claim is not patentably
distinct from the reference claim(s) because the examined application claim is either anticipated
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d

1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed.
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Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686
F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA
1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may
be used to overcome an actual or provisional rejection based on a nonstatutory double patenting
ground provided the reference application or patent either is shown to be commonly owned with
this application, or claims an invention made as a result of activities undertaken within the scope
of a joint research agreement. See MPEP § 717.02 for applications subject to examination under
the first inventor to file provisions of the AIA as explained in MPEP § 2159. See MPEP §§
706.02(1)(1) - 706.02(1)(3) for applications not subject to examination under the first inventor to
file provisions of the AIA. A terminal disclaimer must be signed in compliance with 37 CFR
1.321(b).

The USPTO Internet website contains terminal disclaimer forms which may be used.
Please visit www.uspto.gov/forms/. The filing date of the application in which the form is filed
determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or PTO/AIA/26) should be
used. A web-based eTerminal Disclaimer may be filled out completely online using web-screens.
An eTerminal Disclaimer that meets all requirements is auto-processed and approved
immediately upon submission. For more information about eTerminal Disclaimers, refer to

hitp://www.uspto.gov/patents/process/tile/efs/suidance/e T D-info-Lisp.

A. U.S. Reissue Application No. 14/741,857

Reissue — Non Final Office Action Part of Paper No. 20160725

HALLIBURTON, Exh. 1014, p. 0126



Application/Control Number: 14/686,161
Art Unit: 3992

Page 36

Claims 23, 25, 27-31, 33 and 35-38 are provisionally rejected on the ground of
nonstatutory double patenting as being unpatentable over claims 23-36 (““857 ODP Claims”) of
copending Application No. 14/741,857 (*““857 RI Application”).

Although the claims at issue are not identical, they are not patentably distinct from each
other because claims 23, 25, 27-31, 33 and 35-38 of the ‘161 Reissue Proceedings are merely
broader in scope than that of the ‘857 RI Application. Therefore, the ‘857 RI Application system
for monitoring characteristics along the length of a well casing structure meets the limitations of

the instant application. For example, by comparing the pending claims 23, 25, 27-31, 33 and 35-

38 and the ‘857 ODP Claims shown below:

System Claims of ‘161 Reissue Proceedings

System Claims of ‘857 RI Application

Pending Claim 23:
23. A system comprising:

a span of optical fiber having sensing zone
segments wherein signals incident to said
span have a property of inducing light path
changes at sensing zone segments that
result in a back-propagating signal wherein
each zone segment has a specialized sensing
function;

a light source operative to provide a
continuous wave (CW) optical signal;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation, said
modulator providing the modulated CW
optical fiber to the span,;

an optical receiver joined to said span and
capable of receiving a retrieved optical
signal returned therefrom, wherein the

Pending Claim 30:

30. A system for monitoring characteristics
along the length of a well casing structure,
comprising:

a span of optical fiber inserted along the
length of the well casing structure wherein
the span provides multiple sensing
locations along its length, each sensing
location being responsive to acoustic
pressure waves proximate the location;

a light source operative to illuminate said
span with a continuous wave (CW) optical
signal, said span being capable of providing
back-propagating illumination from each
sensing location;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation;

an optical receiver joined to said span and
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retrieved optical signal comprises back-
propagating portions of the illumination
from sensing zone segments, said receiver
operative to produce a radio frequency
(r.f.) counterpart signal of the retrieved
optical signal; and

a processor operative to detect a reiterative
autocorrelatable form of modulation from
the counterpart signal in a corresponding
plurality of different timed relationships
with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to give at least one signal
for each zone segment.

Pending Claim 25:

25. The system of claim 23, wherein said
span has a length L and said light source is
a laser having the capability to generate a
lightwave signal with sufficient stability to
retain coherency in propagation along said
span for a distance at least equal to two
times length L.

Pending Claim 27:
27. The system of claim 23, wherein said
light source is a planar, ring-type laser.
Pending Claim 28:
28. The system of claim 23, wherein said
span of optical fiber comprises a single
mode fiber optic cable.

Pending Claim 29:

29. The system of claim 23, wherein said
span of optical fiber is made from the

capable of receiving a retrieved optical
signal returned therefrom, wherein the
retrieved optical signal comprises the phase
shifted back-propagating portions of the
illumination from locations along said
span, said receiver operative to produce an
radio frequency (r.f.) counterpart signal of
the retrieved optical signal;

an autocorrelation detector operative to
perform

autocorrelation detections upon the
counterpart signal in a corresponding
plurality of different timed relationships
with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to produce signals
associated with the sensing locations; and

a processor operative to utilize the signals
associated with the sensing locations to
monitor characteristics proximate to the
well casing structure.

Pending Claim 31:

31. The system of claim 30, wherein said
span of optical fiber has a length L, and
said light source is a laser having the
capability to generate a lightwave signal
with sufficient phase stability to
substantially retain coherency in
propagation along said span for a distance
at least equal to two times length L.

Pending Claim 33:

33. The system of claim 31, wherein said
light source is a planar, ring-type laser.
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polarization preserving type of optical
fiber.

Pending Claim 30:

30. The system of claim 23, wherein said
span of optical fiber span has a coating
made of a thermoplastic material having
the combined characteristics of a low
Young's modulus and a Poisson's ratio
below that of natural rubber, wherein the
coating enhances the longitudinal
component of strain variation derived from
an acoustic wave signal whose wave front is
incident to the optical fiber span from a
direction at least in part having a lateral
component in the direction along which the
wave front propagates.

Pending Claim 34:

34. The system of claim 30, wherein said
span of optical fiber comprises a single
mode fiber optic cable.

Pending Claim 35:

35. The system of claim 30, wherein said
span of optical fiber comprises a fiber optic
cable of the polarization preserving type.

Pending Claim 36:

36. The system of claim 30, wherein said
span of optical fiber span has a coating
made of a thermoplastic material having
the combined characteristics of a low
Young's modulus and a Poisson's ratio
below that of natural rubber, wherein the
coating enhances the longitudinal
component of strain variation derived from
an acoustic wave signal whose wave front is
incident on said span from a direction at
least in part having a lateral component in
the direction along which the wave front
propagates.

Method Claims of ‘161 Reissue Proceedings

Method Claims of ‘857 RI Application

Pending Claim 31:

31. A method for sensing comprising the
steps of:

providing a span of optical fiber wherein
signals incident to the span induce light
path changes at sensing zone segments of
the span responsive to the signals resulting
in a back-propagating signal;

illuminating the span with a modulated

Pending Claim 23:

23. A method for monitoring
characteristics along the length of a well
casing structure, comprising:

inserting a span of optical fiber along the
length of the well casing structure wherein
the span provides multiple virtual sensors
along its length, individual ones of the
multiple virtual sensors responsive to
acoustic pressure waves imparted into the
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continuous wave (CW) optical signal with a
reiterative autocorrelatable form of
modulation;

receiving a retrieved optical signal from the
span, wherein the retrieved optical signal
comprises a back-propagating portions of
the illumination from locations along the
span in response to induced light path
changes;

producing a radio frequency (r.f.)
counterpart signal of the retrieved optical
signal; and

detecting the reiterative autocorrelatable
form of modulation from the counterpart
signal in a corresponding plurality of
different timed relationships with respect
to the reiterative autocorrelatable form of
modulation of the CW optical signal to
provide signals from sensing zone segments
of said span.

Pending Claim 33:

33, The method of claim 31, wherein the
span of optical fiber span has a length L,
and the light source is a laser having the
capability to generate a lightwave signal
with sufficient stability to substantially
retain coherency in propagation along the
span for a distance at least equal to two
times length L.

Pending Claim 35:

35. The method of claim 31, wherein the
light source is a planar, ring-type laser.

ground;

illuminating the inserted span with a
continuous wave (CW) optical signal light
source;

modulating the CW optical signal with a
reiterative autocorrelatable form of
modulation;

receiving a backscattered light signal from
the span that comprises back-propagating
portions of illumination associated with the
light source that are back propagating
from locations that correspond to various
time delay relationships along the optical
fiber span to produce an radio frequency
(r.f.) counterpart of the backscattered light
signal;

performing autocorrelation detections
upon the counterpart signal in a
corresponding plurality of different timed
relationships with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to produce signals from
the multiple virtual sensors; and

identifying characteristics proximate to the
well casing structure utilizing the signals
from the multiple virtual sensors.

Pending Claim 24:

24, The method of claim 23, wherein the
span of optical fiber span has a length L,
and the light source is a laser having the
capability to generate a lightwave signal
with sufficient stability to substantially
retain coherency in propagation along the
span for a distance at least equal to two
times length L.
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Pending Claim 36:

36. The method of claim 31, wherein the
span of optical fiber comprises a single
mode fiber optic cable.

Pending Claim 37:

37. The method of claim 31, wherein the
span of optical fiber comprises a fiber optic
cable of the polarization preserving type.

Pending Claim 38:

38. The method of claim 31, wherein said
span of optical fiber has a coating made of
a thermoplastic material having the
combined characteristics of a low Young's
modulus and a Poisson's ratio below that of
natural rubber, wherein the coating
enhances the longitudinal component of
strain variation derived from an acoustic
wave signal whose wave front is incident to
the optical fiber span from a direction at
least in part having a lateral component in
the direction along which the wave front
propagates.

Pending Claim 26:

26. The method of claim 23, wherein the
light source is a planar, ring-type laser.

Pending Claim 27:

27. The method of claim 23, wherein the
span of optical fiber comprises a single
mode fiber optic cable.

Pending Claim 28:

35. The method of claim 23, wherein the
span of optical fiber comprises a fiber optic
cable of the polarization preserving type.

Pending Claim 29:

29. The method of claim 23, wherein the
span of optical fiber has a coating thereon
made of a thermoplastic material having
the combined characteristics of a low
Young's modulus and a Poisson's ratio
below that of natural rubber, wherein the
coating enhances the longitudinal
component of strain variation derived from
an acoustic wave signal whose wave front is
incident on the span from a direction at
least in part having a lateral component in
the direction along which the wave front
propagates.

The Examiner finds that claims 23, 25, 27-31, 33 and 35-38 of the ‘161 Reissue Proceedings

have essentially the same claim requirements as the ‘857 ODP Claims, just somewhat broader.

(See comparison above). In addition, where 23, 25, 27-31, 33 and 35-38 of the ‘161 Reissue

Proceedings and the ‘857 ODP Claims are not exactly the same, the Examiner finds that claims
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23,25, 27-31, 33 and 35-38 of the ‘161 Reissue Proceedings would be obvious variants to one of
ordinary skill in the art based on engineering expediency of the ‘857 ODP Claims.
This is a provisional nonstatutory double patenting rejection because the patentably

indistinct claims have not in fact been patented.

Claims 24 and 32 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the ‘857 ODP Claims of the ‘857 RI Application in view of
Kersey et al.’806 (U.S. Patent No. 6,285,806).°

This is a provisional nonstatutory double patenting rejection.

Claims 26 and 34 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the ‘857 ODP Claims of the ‘857 RI Application in view of
in view of Taylor et al. (U.S. Patent No. 5,194,847) and Farhadiroushan (U.S. Patent No.
5,754,293).

This is a provisional nonstatutory double patenting rejection.

B. U.S. Reissue Application No. 14/741,892
Claims 23 and 31 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over claims 23, 30, 31, 33, 40 and 41 (“‘892 ODP Claims”) of

copending Application No. 14,741,892 (““892 RI Application”).

6 See the pre-AIA 35 U.S.C. 103(a) rejection of claims 24 and 32 over Kersey et al.’806 below for prima facie
teachings of claim requirements and obviousness.

7 See the pre-AIA 35 U.S.C. 103(a) rejection of claims 24 and 32 over Kersey et al.'806, Taylor et al. and
Farhadiroushan below for prima facie teachings of claim requirements and obviousness.
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Although the claims at issue are not identical, they are not patentably distinct from each

other because the scopes of the pending claims 23 and 33 are identical or similar and/or covered

by the ‘892 ODP Claims. For example, by comparing the pending claims 23 and 33 and the ‘892

ODP Claims shown below:

Claims of ‘161 Reissue Proceedings

Claims of ‘892 RI Application

Pending Claim 23:
23. A system comprising:

a span of optical fiber having sensing zone
segments wherein signals incident to said
span have a property of inducing light path
changes at sensing zone segments that
result in a back-propagating signal wherein
each zone segment has a specialized sensing
function;

a light source operative to provide a
continuous wave (CW) optical signal;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation, said
modulator providing the modulated CW
optical fiber to the span,;

an optical receiver joined to said span and
capable of receiving a retrieved optical
signal returned therefrom, wherein the
retrieved optical signal comprises back-
propagating portions of the illumination
from sensing zone segments, said receiver
operative to produce a radio frequency
(r.f.) counterpart signal of the retrieved
optical signal; and

a processor operative to detect a reiterative
autocorrelatable form of modulation from
the counterpart signal in a corresponding

Pending Claim 23:

23. A system for the interrogation of an
optical fiber span, comprising:

a light source operative to provide a
continuous wave (CW) optical signal;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation and to
illuminate the optical fiber span with the
modulated CW optical signal;

an optical receiver joinable to the optical
fiber span and operative to receive a
backscattered signal from the optical fiber
span that comprises back-propagating
portions of illumination from locations in
the optical fiber span that correspond to
various time delay relationships utilizing a
heterodyne operation to produce a radio
frequency (r.f.) counterpart signal of the
received backscattered signal;

a correlator operative to correlate the
counterpart signal to a plurality of signals
from the locations in the optical fiber span
by utilizing the reiterative autocorrelatable
form of modulation of the CW optical
signal;

a demodulator operative to demodulate the
plurality of signals from the locations into at
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plurality of different timed relationships
with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to give at least one signal
for each zone segment.

Pending Claim 31:

31. A method for sensing comprising the
steps of:

providing a span of optical fiber wherein
signals incident to the span induce light
path changes at sensing zone segments of
the span responsive to the signals resulting
in a back-propagating signal;

illuminating the span with a modulated
continuous wave (CW) optical signal with a
reiterative autocorrelatable form of
modulation;

receiving a retrieved optical signal from the
span, wherein the retrieved optical signal
comprises a back-propagating portions of
the illumination from locations along the
span in response to induced light path
changes;

producing a radio frequency (r.f.)
counterpart signal of the retrieved optical
signal; and

detecting the reiterative autocorrelatable
form of modulation from the counterpart
signal in a corresponding plurality of
different timed relationships with respect
to the reiterative autocorrelatable form of
modulation of the CW optical signal to
provide signals from sensing zone segments
of said span.

least a first phase signal and a second phase
signal; and

a signal combiner operative to combine at
least the first phase signal and the second
phase signal to determine a measure of the
phase difference of the signals incident at
locations on the optical fiber span.

Pending Claim 30:

30. The system according to claim 23,
wherein said modulator utilizes pulse
modulation.

Pending Claim 31:

31. The system according to claim 30,
wherein pulse modulation is a composite of
at least two pulsed signals having different
frequencies.

33. A method for sensing signals from an
optical fiber span comprising the steps of:

providing a continuous wave (CW) optical
signal;

modulating the CW optical signal with a
reiterative autocorrelatable form of
modulation;

illuminating the optical fiber span with the
modulated CW optical signal wherein
signals incident to the span induce light
path changes at regions of the span
responsive to the signals resulting in a
phase shifted back-propagating signal;

receiving a retrieved optical signal from the
span, wherein the retrieved optical signal
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comprises a back-propagating portions of
the illumination from locations along the
span in response to induced light path
changes;

producing a radio frequency (r.f.)
counterpart signal of the retrieved optical
signal, wherein the counterpart signal is a
beat signal;

correlating the counterpart signal utilizing
the reiterative autocorrelatable form of
modulation to produce a plurality of
signals from locations in the fiber optic
span;

demodulating individual ones of the plurality
of signals from the locations into at least a
first phase signal and a second phase signal;
and

combining at least the first phase signal and
the second phase signal to determine a
measure of the phase difference of the signal
incident at locations on the optical fiber span.

Pending Claim 30:

40. The method according to claim 33,
wherein the step of modulating utilizes
pulse modulation.

Pending Claim 41:

31. The method according to claim 40,
wherein the pulse modulation includes at
least two pulsed signals having different
frequencies.
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The Examiner finds that claims 23 and 31 of the ‘161 Reissue Proceedings have essentially the
same claim requirements as the ‘892 ODP Claims, just somewhat broader. (See comparison
above). In addition, where claims 23 and 31 of the ‘161 Reissue Proceedings and the ‘8§92 ODP
Claims are not exactly the same, the Examiner finds that claims 23 and 31 of the ‘161 Reissue
Proceedings would be obvious variants to one of ordinary skill in the art based on engineering
expediency of the ‘892 ODP Claims.

This is a provisional nonstatutory double patenting rejection because the patentably

indistinct claims have not in fact been patented.

Claims 24, 25, 32 and 33 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the ‘892 ODP Claims of the ‘892 RI Application in view of
Kersey et al.’806 (U.S. Patent No. 6,285,806).°

This is a provisional nonstatutory double patenting rejection.

Claims 26 and 34 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the ‘892 ODP Claims of the ‘892 RI Application in view of
in view of Taylor et al. (U.S. Patent No. 5,194,847) and Farhadiroushan (U.S. Patent No.
5,754,293).

This is a provisional nonstatutory double patenting rejection.

¥ See the pre-AIA 35 U.S.C. 103(a) rejection of claims 24, 25, 32 and 33 over Kersey et al.'806 below for prima
Jacie teachings of claim requirements and obviousness.

? See the pre-AIA 35 U.S.C. 103(a) rejection of claims 26 and 34 over Kersey et al.'806, Taylor et al. and
Farhadiroushan below for prima facie teachings of claim requirements and obviousness.
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Claims 27 and 35 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the ‘892 ODP Claims of the ‘892 RI Application in view of
in view of Nilsson (U.S. Patent No. 5,177,764).10

This is a provisional nonstatutory double patenting rejection.

Claims 28 and 36 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the ‘892 ODP Claims of the ‘892 RI Application in view of
in view of Groves-Kirkby (UK Publication No. GB 2372100 A) and Bailey et al. (U.S. Patent
No. 6,626,043)."

This is a provisional nonstatutory double patenting rejection.

Claims 29 and 37 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the ‘892 ODP Claims of the ‘892 RI Application in view of
in view of Townley-Smith et al. (U.S. Publication No. 2005/0077455)."

This is a provisional nonstatutory double patenting rejection.

Claims 30 and 38 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the ‘892 ODP Claims of the ‘892 RI Application in view of

in view of Goldner et al. (International Publication No. WO 2004/034096)."

19 See the pre-AIA 35 U.S.C. 103(a) rejection of claims 27 and 35 over Kersey et al.’806 and Nilsson below for
prima facie teachings of claim requirements and obviousness.

1 See the pre-AIA 35 U.S.C. 103(a) rejection of claims 28 and 36 over Kersey et al. '806, Groves-Kirkby and Bailey
et al. below for prima facie teachings of claim requirements and obviousness.

12 See the pre-AIA 35 U.S.C. 103(a) rejection of claims 29 and 37 over Kersey et al.’806 and Townley-Smith et al.
below for prima facie teachings of claim requirements and obviousness.
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This is a provisional nonstatutory double patenting rejection.

C. U.S. Reissue Application No. 14/741,768

Claims 23, 25, 27-29, 31, 33 and 35-37 are provisionally rejected on the ground of

nonstatutory double patenting as being unpatentable over claims 23-32 (““768 ODP Claims”) of

copending Application No. 14,741,768 (““768 RI Application”).

Although the claims at issue are not identical, they are not patentably distinct from each

other because the scopes of the pending claims 23, 25, 27-29, 31, 33 and 35-37 are identical or

similar and/or covered by the 768 ODP Claims. For example, by comparing the pending claims

23, 25, 27-31, 33 and 35-38 and the 768 ODP Claims shown below:

System Claims of ‘161 Reissue Proceedings

System Claims of ‘768 RI Application

Pending Claim 23:
23. A system comprising:

a span of optical fiber having sensing zone
segments wherein signals incident to said
span have a property of inducing light path
changes at sensing zone segments that
result in a back-propagating signal wherein
each zone segment has a specialized sensing
function;

a light source operative to provide a
continuous wave (CW) optical signal;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation, said
modulator providing the modulated CW

Pending Claim 23:

23. A system to detect electromagnetic fields
comprising:

a span of optical fiber having sensing zone
segments wherein electromagnetic signals
incident to said span have a property of
inducing light path changes at sensing zone
segments that result in a back-propagating
signals;

a light source operative to provide a
continuous wave (CW) optical signal;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation, said
modulator providing the modulated CW

1 See the pre-AIA 35 U.S.C. 103(a) rejection of claims 29 and 37 over Kersey et al.’806 and Goldner et al. below
for prima facie teachings of claim requirements and obviousness.
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optical fiber to the span,;

an optical receiver joined to said span and
capable of receiving a retrieved optical
signal returned therefrom, wherein the
retrieved optical signal comprises back-
propagating portions of the illumination
from sensing zone segments, said receiver
operative to produce a radio frequency
(r.f.) counterpart signal of the retrieved
optical signal; and

a processor operative to detect a reiterative
autocorrelatable form of modulation from
the counterpart signal in a corresponding
plurality of different timed relationships
with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to give at least one signal
for each zone segment.

Pending Claim 25:

25. The system of claim 23, wherein said
span has a length L and said light source is
a laser having the capability to generate a
lightwave signal with sufficient stability to
retain coherency in propagation along said
span for a distance at least equal to two
times length L.

Pending Claim 27:
27. The system of claim 23, wherein said
light source is a planar, ring-type laser.
Pending Claim 28:
28. The system of claim 23, wherein said

span of optical fiber comprises a single
mode fiber optic cable.

optical fiber to the span,;

an optical receiver joined to said span and
capable of receiving a retrieved optical
signal returned therefrom, wherein the
retrieved optical signal comprises back-
propagating portions of the illumination
from sensing zone segments, said receiver
operative to produce a radio frequency
(r.f.) counterpart signal of the retrieved
optical signal; and

a processor operative to detect a reiterative
autocorrelatable form of modulation from
the counterpart signal in a corresponding
plurality of different timed relationships
with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to give a measurement
representative of the electromagnetic field
proximate to at least one zone segment.

Pending Claim 24:

24. The system of claim 23, wherein said
span has a length L and said light source is
a laser having the capability to generate a
lightwave signal with sufficient stability to
retain coherency in propagation along said
span for a distance at least equal to two
times the length L.

Pending Claim 25:

25. The system of claim 23, wherein said
light source is a planar, ring-type laser.

Pending Claim 26:

26. The system of claim 23, wherein said
span of optical fiber comprises a single
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Pending Claim 29:

29. The system of claim 23, wherein said
span of optical fiber is made from the
polarization preserving type of optical
fiber.

mode fiber optic cable.

Pending Claim 27:

27. The system of claim 23, wherein said
span of optical fiber is made from the
polarization preserving type of optical
fiber.

Method Claims of ‘161 Reissue Proceedings

Method Claims of “768 RI Application

Pending Claim 31:

31. A method for sensing comprising the
steps of:

providing a span of optical fiber wherein
signals incident to the span induce light
path changes at sensing zone segments of
the span responsive to the signals resulting
in a back-propagating signal;

illuminating the span with a modulated
continuous wave (CW) optical signal with a
reiterative autocorrelatable form of
modulation;

receiving a retrieved optical signal from the
span, wherein the retrieved optical signal
comprises a back-propagating portions of
the illumination from locations along the
span in response to induced light path
changes;

producing a radio frequency (r.f.)
counterpart signal of the retrieved optical
signal; and

detecting the reiterative autocorrelatable
form of modulation from the counterpart
signal in a corresponding plurality of

different timed relationships with respect

Pending Claim 28:

28. A method for sensing comprising the
steps of:

providing a span of optical fiber wherein
electromagnetic signals incident to the span
induce light path changes at sensing zone
segments of the span responsive to the
signals resulting in a back-propagating
signal;

illuminating the span with a modulated
continuous wave (CW) optical signal with a
reiterative autocorrelatable form of
modulation;

receiving a retrieved optical signal from the
span, wherein the retrieved optical signal
comprises a back-propagating portions of
the illumination from locations along the
span in response to induced light path
changes;

producing a radio frequency (r.f.)
counterpart signal of the retrieved optical
signal; and

detecting the reiterative autocorrelatable
form of modulation from the counterpart
signal in a corresponding plurality of
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to the reiterative autocorrelatable form of
modulation of the CW optical signal to
provide signals from sensing zone segments
of said span.

Pending Claim 33:

33, The method of claim 31, wherein the
span of optical fiber span has a length L,
and the light source is a laser having the
capability to generate a lightwave signal
with sufficient stability to substantially
retain coherency in propagation along the
span for a distance at least equal to two
times length L.

Pending Claim 35:
35. The method of claim 31, wherein the
light source is a planar, ring-type laser.
Pending Claim 36:
36. The method of claim 31, wherein the
span of optical fiber comprises a single
mode fiber optic cable.
Pending Claim 37:
37. The method of claim 31, wherein the

span of optical fiber comprises a fiber optic
cable of the polarization preserving type.

different timed relationships with respect
to the reiterative autocorrelatable form of
modulation of the CW optical signal to
provide signals from sensing zone segments
of said span responsive to the
electromagnetic signal at the sensing zone
segment.

Pending Claim 29:

29. The method of claim 28, wherein the
span of optical fiber span has a length L,
and the light source is a laser having the
capability to generate a lightwave signal
with sufficient stability to substantially
retain coherency in propagation along the
span for a distance at least equal to two
times length L.

Pending Claim 30:
30. The method of claim 28, wherein said
light source is a planar, ring-type laser.
Pending Claim 31:
31. The method of claim 23, wherein the
span of optical fiber comprises a single
mode fiber optic cable.
Pending Claim 32:
32. The method of claim 23, wherein said

span of optical fiber comprises a fiber optic
cable of the polarization preserving type.

The Examiner finds that claims 23, 25, 27-29, 31, 33 and 35-37 of the ‘161 Reissue Proceedings

have essentially the same claim requirements as the 768 ODP Claims, just somewhat broader.
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(See comparison above). In addition, where claims 23, 25, 27-29, 31, 33 and 35-37 of the ‘161
Reissue Proceedings and the 768 ODP Claims are not exactly the same, the Examiner finds that
claims 23, 25, 27-29, 31, 33 and 35-37 of the ‘161 Reissue Proceedings would be obvious
variants to one of ordinary skill in the art based on engineering expediency of the 768 ODP
Claims.

This is a provisional nonstatutory double patenting rejection because the patentably

indistinct claims have not in fact been patented.

Claims 24 and 32 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the ‘768 ODP Claims of the ‘768 RI Application in view of
Kersey et al.’806 (U.S. Patent No. 6,285,806)."

This is a provisional nonstatutory double patenting rejection.

Claims 26 and 34 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the ‘768 ODP Claims of the ‘768 RI Application in view of
in view of Taylor et al. (U.S. Patent No. 5,194,847) and Farhadiroushan (U.S. Patent No.
5,754,293)."

This is a provisional nonstatutory double patenting rejection.

' See the pre-AIA 35 U.S.C. 103(a) rejection of claims 24 and 32 over Kersey et al.’806 below for prima facie
teachings of claim requirements and obviousness.

1 See the pre-AIA 35 U.S.C. 103(a) rejection of claims 24 and 32 over Kersey et al. 806, Taylor et al. and
Farhadiroushan below for prima facie teachings of claim requirements and obviousness.
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Claims 30 and 38 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the ‘768 ODP Claims of the ‘768 RI Application in view of
in view of Goldner et al. (International Publication No. WO 2004/034096).'¢

This is a provisional nonstatutory double patenting rejection.

D. U.S. Reissue Application No. 14/686,170

Claims 23, 25, 27-31, 33 and 35-38 are provisionally rejected on the ground of
nonstatutory double patenting as being unpatentable over claims 23, 26-31 and 34-38 (““170
ODP Claims”) of copending Application No. 14/686,170 (““170 RI Application™).

Although the claims at issue are not identical, they are not patentably distinct from each
other because claims 23, 25, 27-31, 33 and 35-38 of the ‘161 Reissue Proceedings are merely
broader in scope than that of the “170 RI Application. Therefore, the ‘170 RI Application system
and method for sensing meets the limitations of the instant application. For example, by

comparing the pending claims 23, 25, 27-31, 33 and 35-38 and the ‘770 ODP Claims shown

below:
System Claims of ‘161 Reissue Proceedings System Claims of ‘170 RI Application
Pending Claim 23: Pending Claim 23:

23. A system comprising: 23. A system for detecting an acoustic

signal comprising:
a span of optical fiber having sensing zone

segments wherein signals incident to said a span of optical fiber wherein signals
span have a property of inducing light path | incident to said span have a property of
changes at sensing zone segments that inducing light path changes at regions of the

result in a back-propagating signal wherein | span that result in a back-propagating signal;

16 See the pre-AIA 35 U.S.C. 103(a) rejection of claims 29 and 37 over Kersey et al.’806 and Goldner et al. below
for prima facie teachings of claim requirements and obviousness.
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each zone segment has a specialized sensing
function;

a light source operative to provide a
continuous wave (CW) optical signal;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation, said
modulator providing the modulated CW
optical fiber to the span,;

an optical receiver joined to said span and
capable of receiving a retrieved optical
signal returned therefrom, wherein the
retrieved optical signal comprises back-
propagating portions of the illumination
from sensing zone segments, said receiver
operative to produce a radio frequency
(r.f.) counterpart signal of the retrieved
optical signal; and

a processor operative to detect a reiterative
autocorrelatable form of modulation from
the counterpart signal in a corresponding
plurality of different timed relationships
with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to give at least one signal
for each zone segment.

Pending Claim 25:

25. The system of claim 23, wherein said
span has a length L and said light source is
a laser having the capability to generate a
lightwave signal with sufficient stability to
retain coherency in propagation along said
span for a distance at least equal to two
times length L.

Pending Claim 27:

a coating disposed on said span being
capable of enhancing strain variation
derived from the acoustic signal incident on
said span;

a light source operative to provide a
continuous wave (CW) optical signal;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation, said
modulator providing the modulated CW
optical fiber to the span;

an optical receiver joined to said span and
capable of receiving a retrieved optical
signal returned therefrom, wherein the
retrieved optical signal comprises back-
propagating portions of the illumination
from locations along said span, said
receiver operative to produce a radio
frequency (r.f.) counterpart signal of the
retrieved optical signal, wherein the
counterpart signal is in phase locked
synchronism with the CW optical signal;
and

a processor joined to receive the
counterpart signal and capable utilizing the
reiterative autocorrelatable form of
modulation and a plurality of different
timed relationships to give signals from
regions of said span.

Pending Claim 26:

26. The system of claim 23, wherein said
span of optical fiber has a length L, and
said light source is a laser having the
capability to generate a lightwave signal
with sufficient phase stability to
substantially retain coherency in
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27. The system of claim 23, wherein said
light source is a planar, ring-type laser.

Pending Claim 28:

28. The system of claim 23, wherein said
span of optical fiber comprises a single
mode fiber optic cable.

Pending Claim 29:

29. The system of claim 23, wherein said
span of optical fiber is made from the
polarization preserving type of optical
fiber.

Pending Claim 30:

30. The system of claim 23, wherein said
span of optical fiber span has a coating
made of a thermoplastic material having
the combined characteristics of a low
Young's modulus and a Poisson's ratio
below that of natural rubber, wherein the
coating enhances the longitudinal
component of strain variation derived from
an acoustic wave signal whose wave front is
incident to the optical fiber span from a
direction at least in part having a lateral
component in the direction along which the
wave front propagates.

propagation along said span for a distance
at least equal to two times length L.

Pending Claim 27:

27. The system of claim 23, wherein said
light source is a planar, ring-type laser.

Pending Claim 28:

28. The system of claim 23, wherein said
span of optical fiber comprises a single
mode fiber optic cable.

Pending Claim 29:

29. The system of claim 23, wherein said
span of optical fiber is made from the
polarization preserving type of optical
fiber.

Pending Claim 30:

30. The system of claim 23, wherein said
coating is made of a thermoplastic material
having the combined characteristics of a
low Young's modulus and a Poisson's ratio
below that of natural rubber, wherein the
coating enhances the longitudinal
component of strain variation derived from
an acoustic wave signal.

Method Claims of ‘161 Reissue Proceedings

Method Claims of ‘170 RI Application

Pending Claim 31:

31. A method for sensing comprising the
steps of:

Pending Claim 31:

31. A method for sensing comprising the
steps of:
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providing a span of optical fiber wherein
signals incident to the span induce light
path changes at sensing zone segments of
the span responsive to the signals resulting
in a back-propagating signal;

illuminating the span with a modulated
continuous wave (CW) optical signal with a
reiterative autocorrelatable form of
modulation;

receiving a retrieved optical signal from the
span, wherein the retrieved optical signal
comprises a back-propagating portions of
the illumination from locations along the
span in response to induced light path
changes;

producing a radio frequency (r.f.)
counterpart signal of the retrieved optical
signal; and

detecting the reiterative autocorrelatable
form of modulation from the counterpart
signal in a corresponding plurality of
different timed relationships with respect
to the reiterative autocorrelatable form of
modulation of the CW optical signal to
provide signals from sensing zone segments
of said span.

Pending Claim 33:

33, The method of claim 31, wherein the
span of optical fiber span has a length L,
and the light source is a laser having the
capability to generate a lightwave signal
with sufficient stability to substantially
retain coherency in propagation along the
span for a distance at least equal to two
times length L.

providing a coated span of optical fiber
wherein signals incident to the span induce
light path changes at regions of the span
responsive to the signals resulting in a
back-propagating signal, said coating of the
span being made of a material capable of
enhancing strain variation in the span;

illuminating the span with a modulated
continuous wave (CW) optical signal with a
reiterative autocorrelatable form of
modulation;

receiving a retrieved optical signal from the
span, wherein the retrieved optical signal
comprises a back-propagating portions of
the illumination from locations along the
span in response to induced light path
changes;

producing a radio frequency (r.f.)
counterpart signal of the retrieved optical
signal; and

detecting the reiterative autocorrelatable
form of modulation from the counterpart
signal in a corresponding plurality of
different timed relationships with respect
to the reiterative autocorrelatable form of
modulation of the CW optical signal to
provide signals from regions of the span.

Pending Claim 34:

34, The method of claim 31, wherein the
span of optical fiber span has a length L,
and the light source is a laser having the
capability to generate a lightwave signal
with sufficient stability to substantially
retain coherency in propagation along the
span for a distance at least equal to two
times length L.
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Pending Claim 35:

35. The method of claim 31, wherein the
light source is a planar, ring-type laser.

Pending Claim 36:

36. The method of claim 31, wherein the
span of optical fiber comprises a single
mode fiber optic cable.

Pending Claim 37:

37. The method of claim 31, wherein the
span of optical fiber comprises a fiber optic
cable of the polarization preserving type.

Pending Claim 38:

38. The method of claim 31, wherein said
span of optical fiber has a coating made of
a thermoplastic material having the
combined characteristics of a low Young's
modulus and a Poisson's ratio below that of
natural rubber, wherein the coating
enhances the longitudinal component of
strain variation derived from an acoustic
wave signal whose wave front is incident to
the optical fiber span from a direction at
least in part having a lateral component in
the direction along which the wave front
propagates.

Pending Claim 35:

35. The method of claim 31, wherein the
light source is a planar, ring-type laser.

Pending Claim 36:

36. The method of claim 31, wherein the
span of optical fiber comprises a single
mode fiber optic cable.

Pending Claim 37:

37. The method of claim 31, wherein the
span of optical fiber comprises a fiber optic
cable of the polarization preserving type.

Pending Claim 38:

38. The method of claim 31, wherein the
coating of the span is made of a
thermoplastic material having the
combined characteristics of a low Young's
modulus and a Poisson's ratio below that of
natural rubber, wherein the coating
enhances the longitudinal component of
strain variation derived from an acoustic
wave signal.

span from a direction at least in part
having a lateral component in the direction
along which the wave front propagates.

The Examiner finds that claims 23, 25, 27-31, 33 and 35-38 of the ‘161 Reissue Proceedings

have essentially the same claim requirements as the ‘770 ODP Claims, just somewhat broader.

(See comparison above). In addition, where claims 23, 25, 27-31, 33 and 35-38 of the ‘161
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Reissue Proceedings and the ‘770 ODP Claims are not exactly the same, the Examiner finds that
claims 23, 25, 27-31, 33 and 35-38 of the ‘161 Reissue Proceedings would be obvious variants to
one of ordinary skill in the art based on engineering expediency of the ‘170 ODP Claims.

This is a provisional nonstatutory double patenting rejection because the patentably

indistinct claims have not in fact been patented.

Claims 24 and 32 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the ‘170 ODP Claims of the ‘170 RI Application in view of
Kersey et al.’806 (U.S. Patent No. 6,285,806)."

This is a provisional nonstatutory double patenting rejection.

Claims 26 and 34 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the ‘170 ODP Claims of the ‘170 RI Application in view of
in view of Taylor et al. (U.S. Patent No. 5,194,847) and Farhadiroushan (U.S. Patent No.
5,754,293)."®

This is a provisional nonstatutory double patenting rejection.

E. U.S. Reissue Application No. 14/686,194

17 See the pre-AIA 35 U.S.C. 103(a) rejection of claims 24 and 32 over Kersey et al.’806 below for prima facie
teachings of claim requirements and obviousness.

'® See the pre-AIA 35 U.S.C. 103(a) rejection of claims 24 and 32 over Kersey et al. 806, Taylor et al. and
Farhadiroushan below for prima facie teachings of claim requirements and obviousness.
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Claims 23, 25, 27-31, 33 and 35-38 are provisionally rejected on the ground of

nonstatutory double patenting as being unpatentable over claims 23, 29-34 and 40-42 (“‘194

ODP Claims”) of copending Application No. 14/686,194 (““194 RI Application™).

Although the claims at issue are not identical, they are not patentably distinct from each

other because claims 23, 25, 27-31, 33 and 35-38 of the ‘161 Reissue Proceedings are merely

broader in scope than that of the ‘194 RI Application. Therefore, the ‘194 RI Application system

and method for sensing meets the limitations of the instant application. For example, by

comparing the pending claims 23, 25, 27-31, 33 and 35-38 and the ‘7194 ODP Claims shown

below:

System Claims of ‘161 Reissue Proceedings

System Claims of ‘194 RI Application

Pending Claim 23:
23. A system comprising:

a span of optical fiber having sensing zone
segments wherein signals incident to said
span have a property of inducing light path
changes at sensing zone segments that
result in a back-propagating signal wherein
each zone segment has a specialized sensing
function;

a light source operative to provide a
continuous wave (CW) optical signal;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation, said
modulator providing the modulated CW
optical fiber to the span,;

an optical receiver joined to said span and
capable of receiving a retrieved optical
signal returned therefrom, wherein the

Pending Claim 34:

34. A system for monitoring characteristics of
an oil line comprising:

a span of optical fiber proximate to or
within the oil line wherein the span
provides multiple sensing locations along
its length, each sensing location being
responsive to acoustic pressure waves
proximate the location;

a light source operative to illuminate said
span with a continuous wave (CW) optical
signal, said span being capable of providing
back-propagating illumination from each
sensing location;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation;

an optical receiver joined to said span and
capable of receiving a retrieved optical
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retrieved optical signal comprises back-
propagating portions of the illumination
from sensing zone segments, said receiver
operative to produce a radio frequency
(r.f.) counterpart signal of the retrieved
optical signal; and

a processor operative to detect a reiterative
autocorrelatable form of modulation from
the counterpart signal in a corresponding
plurality of different timed relationships
with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to give at least one signal
for each zone segment.

Pending Claim 25:

25. The system of claim 23, wherein said
span has a length L and said light source is
a laser having the capability to generate a
lightwave signal with sufficient stability to
retain coherency in propagation along said
span for a distance at least equal to two
times length L.

Pending Claim 27:
27. The system of claim 23, wherein said
light source is a planar, ring-type laser.
Pending Claim 28:
28. The system of claim 23, wherein said
span of optical fiber comprises a single
mode fiber optic cable.

Pending Claim 29:

29. The system of claim 23, wherein said
span of optical fiber is made from the

signal returned therefrom, wherein the
retrieved optical signal comprises the phase
shifted back-propagating portions of the
illumination from locations along said
span, said receiver operative to produce an
electrical counterpart signal of the
retrieved optical signal;

an autocorrelation detector operative to
perform autocorrelation detections upon
the counterpart signal in a corresponding
plurality of different timed relationships
with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to produce signals
associated with the sensing locations; and

a processor operative to utilize the signals
associated with the sensing locations to
monitor characteristics of the oil line related
to mechanical strain, pressure, and thermal
strain.

Pending Claim 40:

40. The system of claim 34, wherein said
span of optical fiber has a length L, and
said light source is a laser having the
capability to generate a lightwave signal
with sufficient phase stability to
substantially retain coherency in
propagation along said span for a distance
at least equal to two times length L.

Pending Claim 41:

41. The system of claim 34, wherein said
span of optical fiber comprises a fiber optic
cable of the polarization preserving type.
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polarization preserving type of optical
fiber.

Pending Claim 30:

30. The system of claim 23, wherein said
span of optical fiber span has a coating
made of a thermoplastic material having
the combined characteristics of a low
Young's modulus and a Poisson's ratio
below that of natural rubber, wherein the
coating enhances the longitudinal
component of strain variation derived from
an acoustic wave signal whose wave front is
incident to the optical fiber span from a
direction at least in part having a lateral
component in the direction along which the
wave front propagates.

Pending Claim 42:

42. The system of claim 34, wherein said
span of optical fiber span has a coating
made of a thermoplastic material having
the combined characteristics of a low
Young's modulus and a Poisson's ratio
below that of natural rubber, wherein the
coating enhances the longitudinal
component of strain variation derived from
an acoustic wave signal.

Method Claims of ‘161 Reissue Proceedings

Method Claims of ‘194 RI Application

Pending Claim 31:

31. A method for sensing comprising the
steps of:

providing a span of optical fiber wherein
signals incident to the span induce light
path changes at sensing zone segments of
the span responsive to the signals resulting
in a back-propagating signal;

illuminating the span with a modulated
continuous wave (CW) optical signal with a
reiterative autocorrelatable form of
modulation;

receiving a retrieved optical signal from the
span, wherein the retrieved optical signal
comprises a back-propagating portions of
the illumination from locations along the
span in response to induced light path
changes;

Pending Claim 23:

23. A method for monitoring
characteristics of an oil line comprising:

inserting a span of optical fiber proximate
to or within the oil line wherein the span
provides multiple virtual sensors along its
length, individual ones of the multiple
virtual sensors responsive to acoustic
pressure waves imparted to the span;

illuminating the inserted span with a
continuous wave (CW) optical signal light
source;

modulating the CW optical signal with a
reiterative autocorrelatable form of
modulation;

receiving a backscattered light signal from
the span that comprises back-propagating
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producing a radio frequency (r.f.)
counterpart signal of the retrieved optical
signal; and

detecting the reiterative autocorrelatable
form of modulation from the counterpart
signal in a corresponding plurality of
different timed relationships with respect
to the reiterative autocorrelatable form of
modulation of the CW optical signal to
provide signals from sensing zone segments
of said span.

Pending Claim 33:

33, The method of claim 31, wherein the
span of optical fiber span has a length L,
and the light source is a laser having the
capability to generate a lightwave signal
with sufficient stability to substantially
retain coherency in propagation along the
span for a distance at least equal to two
times length L.

Pending Claim 35:
35. The method of claim 31, wherein the
light source is a planar, ring-type laser.
Pending Claim 36:
36. The method of claim 31, wherein the
span of optical fiber comprises a single
mode fiber optic cable.
Pending Claim 37:

37. The method of claim 31, wherein the
span of optical fiber comprises a fiber optic

portions of illumination associated with the
light source that are back propagating
from locations that correspond to various
time delay relationships along the optical
fiber span to produce an electrical
counterpart of the backscattered light
signal;

performing autocorrelation detections
upon the counterpart signal in a
corresponding plurality of different timed
relationships with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to produce signals from
the multiple virtual sensors; and

identifying signals from the multiple virtual
sensors as being caused by at least one of
mechanical strain, pressure, and thermal strain
proximate to at least one of the multiple
virtual sensors.

Pending Claim 27:

27. The method of claim 23, further
comprising analyzing at least one signal
from the multiple virtual sensors to detect
a variation in frequency for that signal.

Pending Claim 28:
28. The method of claim 27, wherein said
step of analyzing further comprises
determining the extent of the variation in
frequency.

Pending Claim 29:

29. The method of claim 23, wherein the
light source is a planar, ring-type laser.
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cable of the polarization preserving type.
Pending Claim 38:

38. The method of claim 31, wherein said
span of optical fiber has a coating made of
a thermoplastic material having the
combined characteristics of a low Young's
modulus and a Poisson's ratio below that of
natural rubber, wherein the coating
enhances the longitudinal component of
strain variation derived from an acoustic
wave signal whose wave front is incident to
the optical fiber span from a direction at
least in part having a lateral component in
the direction along which the wave front
propagates.

Pending Claim 30:

30. The method of claim 23, wherein the
span of optical fiber span has a length L,
and the light source is a laser having the
capability to generate a lightwave signal
with sufficient stability to substantially
retain coherency in propagation along the
span for a distance at least equal to two
times length L.

Pending Claim 31:

31. The method of claim 23, wherein the
span of optical fiber comprises a single
mode fiber optic cable.

Pending Claim 32:

32. The method of claim 23, wherein the
span of optical fiber comprises a fiber optic
cable of the polarization preserving type.

Pending Claim 33:

33. The method of claim 23, wherein the
span of optical fiber has a coating thereon
made of a thermoplastic material having
the combined characteristics of a low
Young's modulus and a Poisson's ratio
below that of natural rubber, wherein the
coating enhances the longitudinal
component of strain variation derived from
an acoustic wave signal.

The Examiner finds that claims 23, 25, 27-31, 33 and 35-38 of the ‘161 Reissue Proceedings

have essentially the same claim requirements as the ‘794 ODP Claims, just somewhat broader.
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(See comparison above). In addition, where claims 23, 25, 27-31, 33 and 35-38 of the ‘161
Reissue Proceedings and the ‘794 ODP Claims are not exactly the same, the Examiner finds that
claims 23, 25, 27-31, 33 and 35-38 of the ‘161 Reissue Proceedings would be obvious variants to
one of ordinary skill in the art based on engineering expediency of the ‘194 ODP Claims.

This is a provisional nonstatutory double patenting rejection because the patentably

indistinct claims have not in fact been patented.

Claims 24 and 32 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the ‘194 ODP Claims of the ‘194 RI Application in view of
Kersey et al.’806 (U.S. Patent No. 6,285,806)."

This is a provisional nonstatutory double patenting rejection.

Claims 26 and 34 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the ‘194 ODP Claims of the ‘194 RI Application in view of
in view of Taylor et al. (U.S. Patent No. 5,194,847) and Farhadiroushan (U.S. Patent No.
5,754,293).%

This is a provisional nonstatutory double patenting rejection.

F. U.S. Reissue Application No. 14/686,205

¥ See the pre-AIA 35 U.S.C. 103(a) rejection of claims 24 and 32 over Kersey et al.’806 below for prima facie
teachings of claim requirements and obviousness.

2% See the pre-AIA 35 U.S.C. 103(a) rejection of claims 24 and 32 over Kersey et al. ‘806, Taylor et al. and
Farhadiroushan below for prima facie teachings of claim requirements and obviousness.
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Claims 23, 24, 31 and 32 are provisionally rejected on the ground of nonstatutory double

patenting as being unpatentable over claims 23, 29, 33, 38 and 39 (““205 ODP Claims”) of

copending Application No. 14,686,205 (““205 RI Application”) in view of Goldner et al.

(International Publication No. WO 2004/034096).

Although the claims at issue are not identical, they are not patentably distinct from each

other because the scopes of the pending claims 23, 24, 31 and 32 are identical or similar and/or

covered by the 205 ODP Claims. For example, by comparing the pending claims 23, 24, 31 and

32 and the 205 ODP Claims shown below:

System Claims of ‘161 Reissue Proceedings

System Claims of ‘205 RI Application

Pending Claim 23:
23. A system comprising:

a span of optical fiber having sensing zone
segments wherein signals incident to said
span have a property of inducing light path
changes at sensing zone segments that
result in a back-propagating signal wherein
each zone segment has a specialized sensing
function;

a light source operative to provide a
continuous wave (CW) optical signal;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation, said
modulator providing the modulated CW
optical fiber to the span,;

an optical receiver joined to said span and
capable of receiving a retrieved optical
signal returned therefrom, wherein the
retrieved optical signal comprises back-
propagating portions of the illumination

Pending Claim 33:
33. A system comprising:

a span of optical fiber wherein signals
incident to said span have a property of
inducing light path changes at regions of
the span that result in a phase shifted back-
propagating signal;

a compliant mandrel having a portion of
said span of optical fiber wound thereon
wherein mandrel geometry is selected to be
responsive to radial variations resulting in a
magnified longitudinal strain in the portion of
said span wound on the mandrel;

a light source operative to provide a
continuous wave (CW) optical signal;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation,
wherein the modulation is one or more of a
varying input pulse, a varying pulse
separation or a varying duty cycle, said
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from sensing zone segments, said receiver
operative to produce a radio frequency
(r.f.) counterpart signal of the retrieved
optical signal; and

a processor operative to detect a reiterative
autocorrelatable form of modulation from
the counterpart signal in a corresponding
plurality of different timed relationships
with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to give at least one signal
for each zone segment.

Pending Claim 24:

24. The system of claim 23, wherein at least
one zone segment of said span is helically
disposed.

modulator providing the modulated CW
optical fiber to the span,;

an optical receiver joined to said span and
capable of receiving a retrieved optical
signal returned therefrom, wherein the
retrieved optical signal comprises the phase
shifted back-propagating portions of the
illumination from locations along said
span, said receiver operative to produce a
radio frequency (r.f.) counterpart signal of
the retrieved optical signal; and

a processor operative to:

detect a reiterative autocorrelatable form
of modulation from the counterpart signal
in a corresponding plurality of different
timed relationships with respect to the
reiterative autocorrelatable form of
modulation of the CW optical signal to
obtain an acoustic signal from a portion of
said span, and

provide an indication of a detection of a
seismic vibration in an area of interest
proximate said span.

Pending Claim 38:

38. The system of claim 33, wherein said
modulator is capable of providing a pulse
modulation to the CW optical signal.

Pending Claim 39:

39. The system of claim 33, wherein said
processor is operative to obtain acoustic
signals from portions of said span having
varying lengths.
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Method Claims of ‘205 RI Application

Pending Claim 31:

31. A method for sensing comprising the
steps of:

providing a span of optical fiber wherein
signals incident to the span induce light
path changes at sensing zone segments of
the span responsive to the signals resulting
in a back-propagating signal;

illuminating the span with a modulated
continuous wave (CW) optical signal with a
reiterative autocorrelatable form of
modulation;

receiving a retrieved optical signal from the
span, wherein the retrieved optical signal
comprises a back-propagating portions of
the illumination from locations along the
span in response to induced light path
changes;

producing a radio frequency (r.f.)
counterpart signal of the retrieved optical
signal; and

detecting the reiterative autocorrelatable
form of modulation from the counterpart
signal in a corresponding plurality of
different timed relationships with respect
to the reiterative autocorrelatable form of
modulation of the CW optical signal to
provide signals from sensing zone segments
of said span.

Pending Claim 32:

24. The method of claim 31, wherein said
step of providing the span includes
providing at least one sensing zone segment

Pending Claim 23:

23. A method for sensing comprising the
steps of:

providing a span of optical fiber wherein
portions of the span are helically disposed,
and signals incident to the span induce
light path changes at regions of the span
responsive to the signals resulting in a
phase shifted back-propagating signal;

illuminating the span with a modulated
continuous wave (CW) optical signal with a
reiterative autocorrelatable form of
modulation;

receiving a retrieved optical signal from the
span, wherein the retrieved optical signal
comprises a back-propagating portions of
the illumination from locations along the
span in response to induced light path
changes;

producing a radio frequency (r.f.)
counterpart signal of the retrieved optical
signal;

detecting the reiterative autocorrelatable
form of modulation from the counterpart
signal in a corresponding plurality of
different timed relationships with respect
to the reiterative autocorrelatable form of
modulation of the CW optical signal to
identify signals from at least one region of
the span representative of acoustic
pressure waves incident on the region of
the span; and

utilizing the signal from at least one region of
the span to provide a detection of vibrations
from the helically disposed region of the span.
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of the span in a helical disposition.
Pending Claim 29:

29. The method of claim 23, further
comprising the step of applying an acoustic
stimulus to the area of interest.

The Examiner finds that claims 23, 24, 31 and 32 of the ‘161 Reissue Proceedings have
essentially the same claim requirements as the 205 ODP Claims, just somewhat broader. (See
comparison above). In addition, where claims 23, 24, 31 and 32 of the ‘161 Reissue Proceedings
and the 205 ODP Claims are not exactly the same, the Examiner finds that claims 23, 24, 31 and
32 of the ‘161 Reissue Proceedings would be obvious variants to one of ordinary skill in the art
based on engineering expediency of the 205 ODP Claims.

This is a provisional nonstatutory double patenting rejection because the patentably

indistinct claims have not in fact been patented.

Claims 25 and 33 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the 205 ODP Claims of the 205 RI Application in view of

Kersey et al.’806 (U.S. Patent No. 6,285,806).”

This is a provisional nonstatutory double patenting rejection.

Claims 26 and 34 are provisionally rejected on the ground of nonstatutory double

patenting as being unpatentable over the 205 ODP Claims of the 205 RI Application in view of

*! See the pre-AIA 35 U.S.C. 103(a) rejection of claims 24, 25, 32 and 33 over Kersey et al.'806 below for prima
Jacie teachings of claim requirements and obviousness.
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in view of Taylor et al. (U.S. Patent No. 5,194,847) and Farhadiroushan (U.S. Patent No.
5,754,293).**

This is a provisional nonstatutory double patenting rejection.

Claims 27 and 35 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the 205 ODP Claims of the 205 RI Application in view of
in view of Nilsson (U.S. Patent No. 5,177,764).23

This is a provisional nonstatutory double patenting rejection.

Claims 28 and 36 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the 205 ODP Claims of the 205 RI Application in view of
in view of Groves-Kirkby (UK Publication No. GB 2372100 A) and Bailey et al. (U.S. Patent
No. 6,626,043).**

This is a provisional nonstatutory double patenting rejection.

Claims 29 and 37 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the 205 ODP Claims of the 205 RI Application in view of

in view of Townley-Smith et al. (U.S. Publication No. 2005/0077455).%

2 See the pre-AIA 35 U.S.C. 103(a) rejection of claims 26 and 34 over Kersey et al. '806, Taylor et al. and
Farhadiroushan below for prima facie teachings of claim requirements and obviousness.

> See the pre-AlIA 35 U.S.C. 103(a) rejection of claims 27 and 35 over Kersey et al.’806 and Nilsson below for
prima facie teachings of claim requirements and obviousness.

** See the pre-AIA 35 U.S.C. 103(a) rejection of claims 28 and 36 over Kersey et al. '806, Groves-Kirkby and Bailey
et al. below for prima facie teachings of claim requirements and obviousness.

* See the pre-AlIA 35 U.S.C. 103(a) rejection of claims 29 and 37 over Kersey et al.’806 and Townley-Smith et al.
below for prima facie teachings of claim requirements and obviousness.
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This is a provisional nonstatutory double patenting rejection.

Claims 30 and 38 are provisionally rejected on the ground of nonstatutory double

patenting as being unpatentable over the 205 ODP Claims of the 205 RI Application in view of

in view of Goldner et al. (International Publication No. WO 2004/034096).%

This is a provisional nonstatutory double patenting rejection.

G. U.S. Reissue Application No. 14/741,822

Claims 23, 25-31 and 33-38 are provisionally rejected on the ground of nonstatutory

double patenting as being unpatentable over claims 23, 25, 28-33, 35 and 38-42 (“‘822 ODP

Claims”) of copending Application No. 14,741,822 (*““822 RI Application”).

Although the claims at issue are not identical, they are not patentably distinct from each

other because the scopes of the pending claims 23, 25-31 and 33-38 are identical or similar

and/or covered by the ‘822 ODP Claims. For example, by comparing the pending claims 23, 25-

31 and 33-38 and the ‘822 ODP Claims shown below:

System Claims of ‘161 Reissue Proceedings

System Claims of ‘822 RI Application

Pending Claim 23:
23. A system comprising:

a span of optical fiber having sensing zone
segments wherein signals incident to said
span have a property of inducing light path
changes at sensing zone segments that
result in a back-propagating signal wherein

Pending Claim 23:

23. A system for sensing input signals
comprising:

a span of optical fiber having a plurality of
sensing stations positioned therealong
wherein signals incident to said span have a
property of inducing light path changes at

* See the pre-AIA 35 U.S.C. 103(a) rejection of claims 29 and 37 over Kersey et al.’806 and Goldner et al. below
for prima facie teachings of claim requirements and obviousness.
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each zone segment has a specialized sensing
function;

a light source operative to provide a
continuous wave (CW) optical signal;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation, said
modulator providing the modulated CW
optical fiber to the span,;

an optical receiver joined to said span and
capable of receiving a retrieved optical
signal returned therefrom, wherein the
retrieved optical signal comprises back-
propagating portions of the illumination
from sensing zone segments, said receiver
operative to produce a radio frequency
(r.f.) counterpart signal of the retrieved
optical signal; and

a processor operative to detect a reiterative
autocorrelatable form of modulation from
the counterpart signal in a corresponding
plurality of different timed relationships
with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to give at least one signal
for each zone segment.

Pending Claim 25:

25. The system of claim 23, wherein said
span has a length L and said light source is
a laser having the capability to generate a
lightwave signal with sufficient stability to
retain coherency in propagation along said
span for a distance at least equal to two
times length L.

regions of the span that result in a phase
shifted back-propagating signal;

a light source operative to provide a
continuous wave (CW) optical signal;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation,
wherein the modulation is one or more of a
varying input pulse, a varying pulse
separation or a varying duty cycle, said
modulator providing the modulated CW
optical fiber to the span;

a heterodyne optical receiver joined to said
span and capable of receiving a retrieved
optical signal returned therefrom, wherein
the retrieved optical signal comprises the
phase shifted back-propagating portions of
the illumination from locations along said
span, said receiver operative to produce a
radio frequency counterpart signal of the
retrieved optical signal, wherein the
counterpart signal is a beat signal; and

a processor operative to:

detect a reiterative autocorrelatable form
of modulation from the counterpart signal
in a corresponding plurality of different
timed relationships with respect to the
reiterative autocorrelatable form of
modulation of the CW optical signal to
identify at least a first portion of said span;

identify a first retrieved signal at a first time
from the first portion of said span and
determine the first retrieved signal phase;

identify a second retrieved signal at a second
time from the first portion of said span and
determine the second retrieved signal phase;
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Pending Claim 26:

26. The system of claim 25, wherein the
length L of said span is at least about 5 km.

Pending Claim 27:

27. The system of claim 23, wherein said
light source is a planar, ring-type laser.

Pending Claim 28:

28. The system of claim 23, wherein said
span of optical fiber comprises a single
mode fiber optic cable.

Pending Claim 29:

29. The system of claim 23, wherein said
span of optical fiber is made from the
polarization preserving type of optical
fiber.

Pending Claim 30:

30. The system of claim 23, wherein said
span of optical fiber span has a coating
made of a thermoplastic material having
the combined characteristics of a low
Young's modulus and a Poisson's ratio
below that of natural rubber, wherein the
coating enhances the longitudinal
component of strain variation derived from
an acoustic wave signal whose wave front is
incident to the optical fiber span from a
direction at least in part having a lateral
component in the direction along which the
wave front propagates.

compare the first retrieved signal phase with
the second retrieved signal phase; and

determine a measure of the rate of change of
the first retrieved signal phase with the second
retrieved signal phase.

Pending Claim 25:

25. The system of claim 23, wherein the
signals incident to the span of optical fiber
are at least one of acoustic pressure waves,
electromagnetic fields coupled to said span,
mechanical strain or pressure on said span,
thermal strain or pressure induced in said
span.

Pending Claim 28:

28. The system of claim 23, wherein said
span has a length L and said light source is
a laser having the capability to generate a
lightwave signal with sufficient stability to
retain coherency in propagation along said
span for a distance at least equal to two
times the length L.

Pending Claim 29:
29. The system of claim 28, wherein the
length L of said span is less than about 40
km.

Pending Claim 30:

30. The system of claim 28, wherein said
laser is a planar, ring-type laser.
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Pending Claim 31:

31. The system of claim 23, wherein said
span comprises at least one of a single-
mode type, multimode type, and polarization
preserving type fiber optic cable.

Pending Claim 32:

32. The system of claim 23, further
comprising a coating disposed on said span
made of a thermoplastic material having
the combined characteristics of a low
Young's modulus and a Poisson's ratio
below that of natural rubber, wherein the
coating enhances the longitudinal
component of the signals incident to said
span.

Method Claims of ‘161 Reissue Proceedings

Method Claims of ‘822 RI Application

Pending Claim 31:

31. A method for sensing comprising the
steps of:

providing a span of optical fiber wherein
signals incident to the span induce light
path changes at sensing zone segments of
the span responsive to the signals resulting
in a back-propagating signal;

illuminating the span with a modulated
continuous wave (CW) optical signal with a
reiterative autocorrelatable form of
modulation;

receiving a retrieved optical signal from the
span, wherein the retrieved optical signal
comprises a back-propagating portions of
the illumination from locations along the
span in response to induced light path

Pending Claim 33:

33. A method for sensing comprising the
steps of:

providing a span of optical fiber wherein
signals incident to the span induce light
path changes at regions of the span
responsive to the signals resulting in a
phase shifted back-propagating signal;

illuminating the span with a modulated
continuous wave (CW) optical signal with a
reiterative autocorrelatable form of
modulation, wherein the modulation is at
least one of a varying input pulse, a varying
pulse separation and a varying duty cycle;

receiving a retrieved optical signal from the
span, wherein the retrieved optical signal
comprises a back-propagating portions of
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changes;

producing a radio frequency (r.f.)
counterpart signal of the retrieved optical
signal; and

detecting the reiterative autocorrelatable
form of modulation from the counterpart
signal in a corresponding plurality of
different timed relationships with respect
to the reiterative autocorrelatable form of
modulation of the CW optical signal to
provide signals from sensing zone segments
of said span.

Pending Claim 33:

33, The method of claim 31, wherein the
span of optical fiber span has a length L,
and the light source is a laser having the
capability to generate a lightwave signal
with sufficient stability to substantially
retain coherency in propagation along the
span for a distance at least equal to two
times length L.

Pending Claim 34:
34. The system of claim 33, wherein the
length L of said span is at least about 5 km.
Pending Claim 35:
35. The method of claim 31, wherein the
light source is a planar, ring-type laser.
Pending Claim 36:

36. The method of claim 31, wherein the
span of optical fiber comprises a single

the illumination from locations along the
span in response to induced light path
changes;

producing a radio frequency counterpart
signal of the retrieved optical signal,
wherein the counterpart signal is a beat signal;

detecting the reiterative autocorrelatable
form of modulation from the counterpart
signal in a corresponding plurality of
different timed relationships with respect
to the reiterative autocorrelatable form of
modulation of the CW optical signal to
identify at least a first portion of the span,;

identifying a first retrieved signal at a first
time from the first portion of the span and
determining the first retrieved signal phase;

identifying a second retrieved signal at a
second time from the first portion of the span
and determining the second retrieved signal
phase;

comparing first retrieved signal phase with the
second retrieved signal phase; and

determining a measure of the rate of change
of the first retrieved signal phase with the
second retrieved signal phase.

Pending Claim 35:

35. The system of claim 33, wherein the
signals incident to the span of optical fiber
are at least one of acoustic pressure waves,
electromagnetic fields coupled to said span,
mechanical strain or pressure on said span,
thermal strain or pressure induced in said
span.
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mode fiber optic cable.

Pending Claim 37:

37. The method of claim 31, wherein the
span of optical fiber comprises a fiber optic
cable of the polarization preserving type.

Pending Claim 38:

38. The method of claim 31, wherein said
span of optical fiber has a coating made of
a thermoplastic material having the
combined characteristics of a low Young's
modulus and a Poisson's ratio below that of
natural rubber, wherein the coating
enhances the longitudinal component of
strain variation derived from an acoustic
wave signal whose wave front is incident to
the optical fiber span from a direction at
least in part having a lateral component in
the direction along which the wave front
propagates.

Pending Claim 38:

38. The method of claim 33, wherein said
span has a length L and is illuminated by a
laser having the capability to generate a
lightwave signal with sufficient stability to
retain coherency in propagation along the
span for a distance at least equal to two
times the length L.

Pending Claim 39:

39. The system of claim 38, wherein the
length L of said span is less than about 40
km.

Pending Claim 40:

40. The method of claim 38, wherein the
span is illuminated by a planar, ring-type
laser.

Pending Claim 41:

41. The method of claim 33, wherein the
span comprises at least one of a single-
mode type, multimode type, and polarization
preserving type fiber optic cable.

Pending Claim 42:

42. he [sic] method of claim 33, wherein the
step of providing a span of optical fiber
comprises providing an optical fiber having
a coating made of a thermoplastic material
having the combined characteristics of a
low Young's modulus and a Poisson's ratio
below that of natural rubber, wherein the
coating enhances the longitudinal
component of the signals incident to the
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The Examiner finds that claims 23, 25-31 and 33-38 of the ‘161 Reissue Proceedings have
essentially the same claim requirements as the ‘822 ODP Claims, just somewhat broader. (See
comparison above). In addition, where claims 23, 25-31 and 33-38 of the ‘161 Reissue
Proceedings and the ‘822 ODP Claims are not exactly the same, the Examiner finds that claims
23, 25-31 and 33-38 of the ‘161 Reissue Proceedings would be obvious variants to one of
ordinary skill in the art based on engineering expediency of the ‘622 ODP Claims.

This is a provisional nonstatutory double patenting rejection.

Claims 24 and 32 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the ‘822 ODP Claims of the ‘822 RI Application in view of
Kersey et al.’806 (U.S. Patent No. 6,285,806).”

This is a provisional nonstatutory double patenting rejection.

H. U.S. Reissue Application No. 14/686,188

Claims 23, 25, 27-31, 33 and 35-38 are provisionally rejected on the ground of
nonstatutory double patenting as being unpatentable over claims 23, 29-34 and 39-42 (““188
ODP Claims”) of copending Application No. 14/686,188 (““188 RI Application™).

Although the claims at issue are not identical, they are not patentably distinct from each

other because claims 23, 25, 27-31, 33 and 35-38 of the ‘161 Reissue Proceedings are merely

*7 See the pre-AIA 35 U.S.C. 103(a) rejection of claims 24 and 32 over Kersey et al.'806 below for prima facie
teachings of claim requirements and obviousness.
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broader in scope than that of the ‘188 RI Application. Therefore, the ‘188 RI Application system

and method for sensing meets the limitations of the instant application. For example, by

comparing the pending claims 23, 25, 27-31, 33 and 35-38 and the /88 ODP Claims shown

below:

System Claims of ‘161 Reissue Proceedings

System Claims of ‘188 RI Application

Pending Claim 23:
23. A system comprising:

a span of optical fiber having sensing zone
segments wherein signals incident to said
span have a property of inducing light path
changes at sensing zone segments that
result in a back-propagating signal wherein
each zone segment has a specialized sensing
function;

a light source operative to provide a
continuous wave (CW) optical signal;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation, said
modulator providing the modulated CW
optical fiber to the span,;

an optical receiver joined to said span and
capable of receiving a retrieved optical
signal returned therefrom, wherein the
retrieved optical signal comprises back-
propagating portions of the illumination
from sensing zone segments, said receiver
operative to produce a radio frequency
(r.f.) counterpart signal of the retrieved
optical signal; and

a processor operative to detect a reiterative
autocorrelatable form of modulation from
the counterpart signal in a corresponding

Pending Claim 34:

34. A system for monitoring integrity of a
casing structure comprising:

a span of optical fiber proximate to or within
an oil line wherein the span provides
multiple sensing locations along its length,
each sensing location being responsive to
acoustic pressure waves proximate the
location;

a light source operative to illuminate said
span with a continuous wave (CW) optical
signal, said span being capable of providing
back-propagating illumination from each
sensing location;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation;

an optical receiver joined to said span and
capable of receiving a retrieved optical
signal returned therefrom, wherein the
retrieved optical signal comprises the phase
shifted back-propagating portions of the
illumination from locations along said
span, said receiver operative to produce a
radio frequency (r.f.) counterpart signal of
the retrieved optical signal;

an autocorrelation detector operative to
perform autocorrelation detections upon
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plurality of different timed relationships
with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to give at least one signal
for each zone segment.

Pending Claim 25:

25. The system of claim 23, wherein said
span has a length L and said light source is
a laser having the capability to generate a
lightwave signal with sufficient stability to
retain coherency in propagation along said
span for a distance at least equal to two
times length L.

Pending Claim 27:

27. The system of claim 23, wherein said
light source is a planar, ring-type laser.

Pending Claim 28:

28. The system of claim 23, wherein said
span of optical fiber comprises a single
mode fiber optic cable.

Pending Claim 29:

29. The system of claim 23, wherein said
span of optical fiber is made from the
polarization preserving type of optical
fiber.

Pending Claim 30:
30. The system of claim 23, wherein said

span of optical fiber span has a coating
made of a thermoplastic material having

the counterpart signal in a corresponding
plurality of different timed relationships
with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to produce signals
associated with the sensing locations; and

a processor operative to utilize the signals
associated with the sensing locations to
monitor integrity of the casing structure
related to mechanically induced strain,
pressure induced strain, electromagnetically
induced strain, and thermally induced strain
strain [sic].

Pending Claim 39:

39. The system of claim 34, wherein said
span of optical fiber has a length L, and
said light source is a laser having the
capability to generate a lightwave signal
with sufficient phase stability to
substantially retain coherency in
propagation along said span for a distance
at least equal to two times length L.

Pending Claim 40:

40. The system of claim 34, wherein said
light source is a planar, ring-type laser.

Pending Claim 41:
41. The system of claim 34, wherein said

span of optical fiber comprises a fiber optic
cable of the polarization preserving type.

Pending Claim 42:

42. The system of claim 34, wherein said
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the combined characteristics of a low
Young's modulus and a Poisson's ratio
below that of natural rubber, wherein the
coating enhances the longitudinal
component of strain variation derived from
an acoustic wave signal whose wave front is
incident to the optical fiber span from a
direction at least in part having a lateral
component in the direction along which the
wave front propagates.

span of optical fiber span has a coating
made of a thermoplastic material having
the combined characteristics of a low
Young's modulus and a Poisson's ratio
below that of natural rubber, wherein the
coating enhances the longitudinal
component of strain variation derived from
an acoustic wave signal.

Method Claims of ‘161 Reissue Proceedings

Method Claims of ‘188 RI Application

Pending Claim 31:

31. A method for sensing comprising the
steps of:

providing a span of optical fiber wherein
signals incident to the span induce light
path changes at sensing zone segments of
the span responsive to the signals resulting
in a back-propagating signal;

illuminating the span with a modulated
continuous wave (CW) optical signal with a
reiterative autocorrelatable form of
modulation;

receiving a retrieved optical signal from the
span, wherein the retrieved optical signal
comprises a back-propagating portions of
the illumination from locations along the
span in response to induced light path
changes;

producing a radio frequency (r.f.)
counterpart signal of the retrieved optical
signal; and

detecting the reiterative autocorrelatable
form of modulation from the counterpart
signal in a corresponding plurality of

Pending Claim 23:

23. A method for monitoring integrity of a
casing structure comprising the steps of:

inserting a span of optical fiber proximate
to or within the casing structure wherein the
span provides multiple virtual sensors
along its length, individual ones of the
multiple virtual sensors responsive to
acoustic pressure waves imparted to the
span;

illuminating the inserted span with a
continuous wave (CW) optical signal light
source;

modulating the CW optical signal with a
reiterative autocorrelatable form of
modulation;

receiving a backscattered light signal from
the span that comprises back-propagating
portions of illumination associated with the
light source that are back propagating
from locations that correspond to various
time delay relationships along the optical
fiber span to produce a radio frequency
(r.f.) counterpart of the backscattered light
signal;
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different timed relationships with respect
to the reiterative autocorrelatable form of
modulation of the CW optical signal to
provide signals from sensing zone segments
of said span.

Pending Claim 33:

33, The method of claim 31, wherein the
span of optical fiber span has a length L,
and the light source is a laser having the
capability to generate a lightwave signal
with sufficient stability to substantially
retain coherency in propagation along the
span for a distance at least equal to two
times length L.

Pending Claim 35:

35. The method of claim 31, wherein the
light source is a planar, ring-type laser.

Pending Claim 36:

36. The method of claim 31, wherein the
span of optical fiber comprises a single
mode fiber optic cable.

Pending Claim 37:

37. The method of claim 31, wherein the
span of optical fiber comprises a fiber optic
cable of the polarization preserving type.

Pending Claim 38:

38. The method of claim 31, wherein said
span of optical fiber has a coating made of
a thermoplastic material having the
combined characteristics of a low Young's

performing autocorrelation detections
upon the counterpart signal in a
corresponding plurality of different timed
relationships with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to produce signals from
the multiple virtual sensors; and

identifying signals from the multiple virtual
sensors as being caused by at least one of
mechanically induced strain, pressure induced
strain, electromagnetically induced strain and
thermal induced strain proximate to at least
one of the multiple virtual sensors.

Pending Claim 29:

29. The method of claim 23, wherein the
light source is a planar, ring-type laser.

Pending Claim 30:

30. The method of claim 31, wherein the
span of optical fiber span has a length L,
and the light source is a laser having the
capability to generate a lightwave signal
with sufficient stability to substantially
retain coherency in propagation along the
span for a distance at least equal to two
times length L.

Pending Claim 31:
31. The method of claim 23, wherein the

span of optical fiber comprises a single
mode fiber optic cable.

Pending Claim 32:
32. The method of claim 31, wherein the
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modulus and a Poisson's ratio below that of
natural rubber, wherein the coating
enhances the longitudinal component of
strain variation derived from an acoustic
wave signal whose wave front is incident to
the optical fiber span from a direction at
least in part having a lateral component in
the direction along which the wave front
propagates.

span of optical fiber comprises a fiber optic
cable of the polarization preserving type.

Pending Claim 33:

33. The method of claim 23, wherein said
span of optical fiber has a coating made of
a thermoplastic material having the
combined characteristics of a low Young's
modulus and a Poisson's ratio below that of
natural rubber, wherein the coating
enhances the longitudinal component of
strain variation derived from an acoustic
wave signal.

The Examiner finds that claims 23, 25, 27-31, 33 and 35-38 of the ‘161 Reissue Proceedings

have essentially the same claim requirements as the /88 ODP Claims, just somewhat broader.

(See comparison above). In addition, where claims 23, 25, 27-31, 33 and 35-38 of the ‘161

Reissue Proceedings and the ‘788 ODP Claims are not exactly the same, the Examiner finds that

claims 23, 25, 27-31, 33 and 35-38 of the ‘161 Reissue Proceedings would be obvious variants to

one of ordinary skill in the art based on engineering expediency of the ‘7188 ODP Claims.

This is a provisional nonstatutory double patenting rejection because the patentably

indistinct claims have not in fact been patented.

Claims 24 and 32 are provisionally rejected on the ground of nonstatutory double

patenting as being unpatentable over the ‘188 ODP Claims of the ‘188 RI Application in view of

Kersey et al.’806 (U.S. Patent No. 6,285,806).%

This is a provisional nonstatutory double patenting rejection.

*¥ See the pre-AIA 35 U.S.C. 103(a) rejection of claims 24 and 32 over Kersey et al.'806 below for prima facie

teachings of claim requirements and obviousness.
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Claims 26 and 34 are provisionally rejected on the ground of nonstatutory double

patenting as being unpatentable over the ‘188 ODP Claims of the ‘188 RI Application in view of

in view of Taylor et al. (U.S. Patent No. 5,194,847) and Farhadiroushan (U.S. Patent No.

5,754,293).%

This is a provisional nonstatutory double patenting rejection.

I. U.S. Reissue Application No. 14/190,478

Claims 23 and 25-30 are provisionally rejected on the ground of nonstatutory double

patenting as being unpatentable over claims 1, 3, 6-11, 19 and 20-23 (*‘478 ODP Claims”) of

copending Application No. 14,190,478 (““478 RI Application”).

Although the claims at issue are not identical, they are not patentably distinct from each

other because the scopes of the pending claims 23 and 25-30 are identical or similar and/or

covered by the 478 ODP Claims. For example, by comparing the pending claims 23 and 25-30

and the 478 ODP Claims shown below:

System Claims of ‘161 Reissue Proceedings

Apparatus Claims of ‘478 RI Application

Pending Claim 23:
23. A system comprising:

a span of optical fiber having sensing zone
segments wherein signals incident to said
span have a property of inducing light path
changes at sensing zone segments that
result in a back-propagating signal wherein

Pending Claim 1:

1. A time-domain reflectometer for sensing
at a desired set of n spaced sensing
positions along an optical fiber span, said
sensing positions being for sensing a type of
external physical signal having the
property of inducing light path changes
within the optical fiber span at regions

¥ See the pre-AIA 35 U.S.C. 103(a) rejection of claims 24 and 32 over Kersey et al. ‘806, Taylor et al. and
Farhadiroushan below for prima facie teachings of claim requirements and obviousness.
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each zone segment has a specialized sensing
function;

a light source operative to provide a
continuous wave (CW) optical signal;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation, said
modulator providing the modulated CW
optical fiber to the span,;

an optical receiver joined to said span and
capable of receiving a retrieved optical
signal returned therefrom, wherein the
retrieved optical signal comprises back-
propagating portions of the illumination
from sensing zone segments, said receiver
operative to produce a radio frequency
(r.f.) counterpart signal of the retrieved
optical signal; and

a processor operative to detect a reiterative
autocorrelatable form of modulation from
the counterpart signal in a corresponding
plurality of different timed relationships
with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to give at least one signal
for each zone segment.

Pending Claim 25:

25. The system of claim 23, wherein said
span has a length L and said light source is
a laser having the capability to generate a
lightwave signal with sufficient stability to
retain coherency in propagation along said
span for a distance at least equal to two
times length L.

there along where the signal is coupled to
the span, comprising:

an optical fiber span having a first end
which concurrently serves as both the
interrogation signal input end and the back
propagating signal output end for purposes
of reflectometry, and having a second
remote end;

a first light source for producing a
coherent carrier lightwave signal of a first
predetermined wavelength;

a binary pseudonoise code sequence
modulator modulating said carrier signal
for producing a pseudonoise code sequence
modulated interrogation lightwave signal
which continuously reiterates the binary
pseudonoise code sequence, the reiterated
sequences being executed in a fixed
relationship to a predetermined timing
base;

a lightwave heterodyner having first and
second inputs for receiving a primary
signal and a local oscillator signal,
respectively, and operative to produce the
beat frequencies of their respective
frequencies;

a lightwave directional coupler having a first
port which receives said binary pseudonoise
code sequence modulated interrogation
lightwave, a second port coupled to said first
end of said optical fiber span, and a third port
coupled to said primary signal input of the
heterodyner;

said directional coupler coupling said binary
pseudonoise code sequence modulated
interrogation lightwave to said second port
where it is launched in a forwardly
propagating direction along said optical fiber
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Pending Claim 26:

26. The system of claim 25, wherein the
length L of said span is at least about 5 km.

Pending Claim 27:

27. The system of claim 23, wherein said
light source is a planar, ring-type laser.

Pending Claim 28:

28. The system of claim 23, wherein said
span of optical fiber comprises a single
mode fiber optic cable.

Pending Claim 29:

29. The system of claim 23, wherein said
span of optical fiber is made from the
polarization preserving type of optical
fiber.

Pending Claim 30:

30. The system of claim 23, wherein said
span of optical fiber span has a coating
made of a thermoplastic material having
the combined characteristics of a low
Young's modulus and a Poisson's ratio
below that of natural rubber, wherein the
coating enhances the longitudinal
component of strain variation derived from
an acoustic wave signal whose wave front is
incident to the optical fiber span from a
direction at least in part having a lateral
component in the direction along which the
wave front propagates.

span causing the return to said second port
of a composite back-propagating lightwave
which is a summation of lightwave back-
propagations from a continuum of
locations along the length of the span, said
composite back-propagating lightwave
signal comprising a summation of multiple
components including

a first signal component comprising the
summation of portions of the said
pseudonoise code sequence modulated
interrogation lightwave signal which the
innate properties of the optical fiber cause to
backpropagate at a continuum of locations
along the span, and a second signal
component comprising the modulation of

said first signal component caused by
longitudinal components of optical path
changes induced into said span at a continuum
of locations along said span by external
physical signals, said second signal
component further including a corresponding
set of subcomponents comprising the
modulation of said first signal component by
optical path changes caused by said external
signals at the respective sensing positions;

said directional coupler coupling said
composite back-propagating lightwave to
said third port where it is applied to said
first input of the heterodyner;

a second light source coupled to said second
input of the lightwave heterodyner, said
second light source producing a coherent local
oscillator lightwave signal in phase locked
relation to said carrier lightwave signal, said
local oscillator signal being of a second
predetermined wavelength which differs from
the first predetermined wavelength by an
amount of difference small enough to
produce at the output of the heterodyner a
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radio frequency (r.f.) composite difference
beat signal, but by an amount large enough
to cause said r.f. composite difference beat
signal to have sufficient bandwidth to cause
it to include r.f. counterparts of signal
components and subcomponents of said
composite back propagating lightwave
signal;

said r.f. composite difference beat
frequency signal being coupled to an n-way
splitter providing a corresponding set of n
output channels, each transmitting said r.f.
composite difference beat signal;

a corresponding set of n correlation-type
binary pseudonoise code sequence
demodulators having their respective
inputs connected to the corresponding
output channels of said n-way splitter
through a corresponding set of time delay
circuits which respectively provide a
corresponding set of predetermined time
delays in relation to said predetermined
timing base of the binary pseudonoise code
sequence modulator, to establish said n
desired sensing positions along said optical
fiber span; and

said set of correlation-type binary
pseudonoise code sequence demodulators
serving to conjunctively temporally and
spatially de-multiplex said r.f. composite
difference beat signal to provide at their
respective outputs r.f. counterparts of the
subcomponents of said second signal
component of said composite back-
propagating lightwave signal caused by
changes in the optical path within said
optical fiber span induced by external
physical signals respectively coupled to the
corresponding sensing positions.
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Pending Claim 3:

3. The reflectometer of claim 1 wherein said
type of external physical signal which
induces light path changes in said optical
fiber span is an acoustic pressure wave
signal.

Pending Claim 6:

6. The reflectometer of claim 3 wherein:
said optical fiber span is of a length L; and
said first light source is a laser having the
performance capability to generate a
lightwave signal with sufficient phase
stability to substantially retain coherency
in propagation along said optical fiber span
for a distance at least equal to 2L.

Pending Claim 7:
7. The reflectometer of claim 7, wherein the
length L of said optical fiber span is at least
S km.

Pending Claim 8:
8. The reflectometer of claim 7, wherein said
first light source is a planar, ring-type
laser.

Pending Claim 9:
9. The reflectometer of claim 3, wherein said

span comprises a single-mode fiber optic
cable.
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Pending Claim 10:

10. The reflectometer of claim 3, wherein
said optical fiber span comprises a fiber
optic cable of the polarization preserving

type.

Pending Claim 11:

11. The reflectometer of claim 3, wherein:
said optical fiber span has a coating made
of a thermoplastic material having the
combined characteristics of a low Young's
modulus and a Poisson's ratio below that of
natural rubber, and said coating serving to
enhance the longitudinal component of
strain variation derived from an acoustic
wave signal whose wave front is incident to
the span from a direction at least in part
having a lateral component in the direction
along which the wave front propagates.

Pending Claim 19:

19. The reflectometer of claim 1, wherein
said type of external physical signal which
induces light path changes in said optical
fiber span is a selected one of a group
consisting of: (i) a seismic signal wherein with
the media which couples the signal to said
optical fiber span includes at least in part the
ground in which the fiber optic span is buried;
(ii) an underwater sound signal wherein the
media which couples the signal to said
optical fiber span includes at least in part a
body of water in which the fiber optic span
is immersed; (iii) an electromagnetic force
field coupled to the optical fiber span; (iv) a
signal comprising temperature variations
coupled to the optical fiber span; and (v) at
least one microphonic signal which is coupled
to said optical fiber span at an at least one of
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said set of n sensing positions along the optical
fiber span.

Pending Claim 20:

20. The reflectometer of claim 1, wherein
each of: (i) said coherent carrier lightwave
signal; (ii) said coherent local oscillator
lightwave signal; (iii) said spread spectrum
modulated interrogation lightwave signal; (iv)
said composite back-propagating lightwave
signal; (v) said radio frequency (r.f.)
composite difference beat signal; and (vi)
each counterpart of said r.f. counterpart of the
subcomponents of said second signal
component of said composite back-
propagating lightwave signal, is a continuous
wave (CW) signal.

Pending Claim 21:

21. A system wherein, at respective sensing
stations of a plurality of sensing stations along
a span of optical fiber, the system senses
input signals of a type having a property of
inducing light path changes at regions of
the span influenced by such input signals,
comprising:

means for illuminating an optical fiber
span with a CW optical signal;

means for retrieving back-propagating
portions of the illumination back
propagating from a continuum of locations
along the span;

means for modulating said CW optical
signal with a reiterative autocorrelatable

form of modulation;

means for picking off a radio frequency
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(r.f.) counterpart of the retrieved signal,
wherein the r.f. counterpart is in phase
locked synchronism with the CW optical
signal;

means for performing a corresponding
plurality of autocorrelation detections upon
said (r.f.) counterpart of the retrieved
optical signal wherein said performing of
the respective autocorrelation detections of
the plurality of autocorrelation detection
by said means for performing
autocorrelation-detections are done in a
corresponding plurality of different timed
relationships with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal.

Pending Claim 22:

22. Signal sensing apparatus for sensing
input signals at an array of a plurality of
sensing stations along an optical fiber span,
wherein at respective sensing station of the
array the apparatus senses input signals of
a type having the property of inducing light
path changes within regions influenced by
such input signals, said apparatus
comprising:

an optical wave network comprising a
transmitter laser and a lightwave directional
coupler, said network being operative to
illuminate an optical fiber span with a CW
optical signal and to retrieve portions of the
illumination back-propagating from a
continuum of locations along the fiber span;

a modulator operative to modulate the CW
optical signal in accordance with a
reiterative autocorrelatable form of
modulation code;
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a heterodyner which, in phase locked
synchronism with said transmitter laser,
receives said retrieved back-propagated
portions of illumination and derives
therefrom a radio frequency (r.f.)
counterpart; and

a corresponding plurality of
autocorrelation detectors operative upon
said r.f. counterpart of the retrieved optical
signal in respective timed relationships of a
corresponding plurality of different timed
relationships with respect to said
reiterative autocorrelatable form of
modulation code.

Pending Claim 23:

23. A system wherein, at respective sensing
stations of a plurality of sensing stations along
a span of optical fiber, the system senses
input signals of a type having a property of
inducing light path changes at regions of
the span influenced by such input signals,
comprising:

a light source that illuminates an optical
fiber span with a CW optical signal;

a demodulator that receives a retrieved
signal that comprises back-propagating
portions of the illumination that are back
propagating from a continuum of locations
along the span;

a modulator that modulates the CW optical
signal with a reiterative autocorrelatable
form of modulation;

a correlator that correlates a radio
frequency (r.f.) counterpart of the retrieved
signal, wherein the r.f. counterpart is in
phase locked synchronism with the CW
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optical signal;

an autocorrelation detector that performs
autocorrelation detections upon the r.f.
counterpart of the retrieved optical signal
in a corresponding plurality of different
timed relationships with respect to the
reiterative autocorrelatable form of
modulation of the CW optical signal.

The Examiner finds that claims 23 and 25-30 of the ‘161 Reissue Proceedings have essentially
the same claim requirements as the ‘478 ODP Claims, just somewhat broader. (See comparison
above). In addition, where claims 23 and 25-30 of the ‘161 Reissue Proceedings and the ‘478
ODP Claims are not exactly the same, the Examiner finds that claims 23 and 25-30 of the 161
Reissue Proceedings would be obvious variants to one of ordinary skill in the art based on
engineering expediency of the ‘478 ODP Claims.

This is a provisional nonstatutory double patenting rejection.

Claims 24 and 32 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over the ‘478 ODP Claims of the ‘478 RI Application in view of
Kersey et al.’806 (U.S. Patent No. 6,285,806).”°

This is a provisional nonstatutory double patenting rejection.

J. U.S. Patent No. 7,271,884

%% See the pre-AIA 35 U.S.C. 103(a) rejection of claims 24 and 32 over Kersey et al.'806 below for prima facie
teachings of claim requirements and obviousness.
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Claims 23, 25, 26, 28-30 are rejected on the ground of nonstatutory double patenting as

being unpatentable over claims 1, 3, 5-7, 10, 11, 20, 21 and 22 (‘884 ODP Claims”) of U.S.

Patent No. 7,271,884 (““884 patent”).

Although the claims at issue are not identical, they are not patentably distinct from each

other because the scopes of the pending claims 23, 25, 26, 28-30 are identical or similar and/or

covered by the ‘884 ODP Claims. For example, by comparing the pending claims 23, 25, 26,

28-30 and the ‘884 ODP Claims shown below:

System Claims of ‘161 Reissue Proceedings

Apparatus Claims of ‘884 patent

Pending Claim 23:
23. A system comprising:

a span of optical fiber having sensing zone
segments wherein signals incident to said
span have a property of inducing light path
changes at sensing zone segments that
result in a back-propagating signal wherein
each zone segment has a specialized sensing
function;

a light source operative to provide a
continuous wave (CW) optical signal;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation, said
modulator providing the modulated CW
optical fiber to the span,;

an optical receiver joined to said span and
capable of receiving a retrieved optical
signal returned therefrom, wherein the
retrieved optical signal comprises back-
propagating portions of the illumination
from sensing zone segments, said receiver
operative to produce a radio frequency

Patent Claim 1:

1. A time-domain reflectometer for sensing
at a desired set of n spaced sensing
positions along an optical fiber span, said
sensing positions being for sensing a type of
external physical signal having the
property of inducing light path changes
within the optical fiber span at regions
there along where the signal is coupled to
the span, comprising:

an optical fiber span having a first end
which concurrently serves as both the
interrogation signal input end and the back
propagating signal output end for purposes
of reflectometry, and having a second
remote end;

a first light source for producing a
coherent carrier lightwave signal of a first
predetermined wavelength;

a binary pseudonoise code sequence
modulator modulating said carrier signal
for producing a pseudonoise code sequence
modulated interrogation lightwave signal
which continuously reiterates the binary
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(r.f.) counterpart signal of the retrieved
optical signal; and

a processor operative to detect a reiterative
autocorrelatable form of modulation from
the counterpart signal in a corresponding
plurality of different timed relationships
with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to give at least one signal
for each zone segment.

Pending Claim 25:

25. The system of claim 23, wherein said
span has a length L and said light source is
a laser having the capability to generate a
lightwave signal with sufficient stability to
retain coherency in propagation along said
span for a distance at least equal to two
times length L.

Pending Claim 26:
26. The system of claim 25, wherein the
length L of said span is at least about 5 km.
Pending Claim 28:
28. The system of claim 23, wherein said
span of optical fiber comprises a single
mode fiber optic cable.
Pending Claim 29:
29. The system of claim 23, wherein said
span of optical fiber is made from the

polarization preserving type of optical
fiber.

pseudonoise code sequence, the reiterated
sequences being executed in a fixed
relationship to a predetermined timing
base;

a lightwave heterodyner having first and
second inputs for receiving a primary
signal and a local oscillator signal,
respectively, and operative to produce the
beat frequencies of their respective
frequencies;

a lightwave directional coupler having a first
port which receives said binary pseudonoise
code sequence modulated interrogation
lightwave, a second port coupled to said first
end of said optical fiber span, and a third port
coupled to said primary signal input of the
heterodyner;

said directional coupler coupling said binary
pseudonoise code sequence modulated
interrogation lightwave to said second port
where it is launched in a forwardly
propagating direction along said optical fiber
span causing the return to said second port
of a composite back-propagating lightwave
which is a summation of lightwave back-
propagations from a continuum of
locations along the length of the span, said
composite back-propagating lightwave
signal comprising a summation of multiple
components including;

a first signal component comprising the
summation of portions of the said
pseudonoise code sequence modulated
interrogation lightwave signal which the
innate properties of the optical fiber cause to
backpropagate at a continuum of locations
along the span, and

a second signal component comprising the
modulation of said first signal component
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Pending Claim 30:

30. The system of claim 23, wherein said
span of optical fiber span has a coating
made of a thermoplastic material having
the combined characteristics of a low
Young's modulus and a Poisson's ratio
below that of natural rubber, wherein the
coating enhances the longitudinal
component of strain variation derived from
an acoustic wave signal whose wave front is
incident to the optical fiber span from a
direction at least in part having a lateral
component in the direction along which the
wave front propagates.

caused by longitudinal components of optical
path changes induced into said span at a
continuum of locations along said span by
external physical signals, said second signal
component further including a corresponding
set of subcomponents comprising the
modulation of said first signal component by
optical path changes caused by said external
signals at the respective sensing positions;

said directional coupler coupling said
composite back-propagating lightwave to
said third port where it is applied to said
first input of the heterodyner;

a second light source coupled to said second
input of the lightwave heterodyner, said
second light source producing a coherent local
oscillator lightwave signal in phase locked
relation to said carrier lightwave signal, said
local oscillator signal being of a second
predetermined wavelength which differs from
the first predetermined wavelength by an
amount of difference small enough to
produce at the output of the heterodyner a
radio frequency (r.f.) composite difference
beat signal, but by an amount large enough
to cause said r.f. composite difference beat
signal to have sufficient bandwidth to cause
it to include r.f. counterparts of signal
components and subcomponents of said
composite back propagating lightwave
signal;

said r.f. composite difference beat
frequency signal being coupled to an n-way
splitter providing a corresponding set of n
output channels, each transmitting said r.f.
composite difference beat signal;

a corresponding set of n correlation-type
binary pseudonoise code sequence
demodulators having their respective
inputs connected to the corresponding
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output channels of said n-way splitter
through a corresponding set of time delay
circuits which respectively provide a
corresponding set of predetermined time
delays in relation to said predetermined
timing base of the binary pseudonoise code
sequence modulator, to establish said n
desired sensing positions along said optical
fiber span;

said set of correlation-type binary
pseudonoise code sequence demodulators
serving to conjunctively temporally and
spatially de-multiplex said r.f. composite
difference beat signal to provide at their
respective outputs r.f. counterparts of the
subcomponents of said second signal
component of said composite back-
propagating lightwave signal caused by
changes in the optical path within said
optical fiber span induced by external
physical signals respectively coupled to the
corresponding sensing positions; and

a corresponding set of n phase demodulators
for transforming each respective r.f.
counterpart of said second component into a
substantially linear signal representative of
radian phase of the corresponding lightwave
subcomponent signal.

Patent Claim 3:
3. The reflectometer of claim 1 wherein said
type of external physical signal which
induces light path changes in said optical
fiber span is an acoustic pressure wave
signal.

Patent Claim 5:

5. The reflectometer of claim 3 wherein:
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said optical fiber span is of a length L; and
said first light source is a laser having the
performance capability to generate a
lightwave signal with sufficient phase
stability to substantially retain coherency
in propagation along said optical fiber span
for a distance at least equal to 2L.

Patent Claim 6:

7. The reflectometer of claim 5, wherein the
length L of said optical fiber span is at least
S km.

Patent Claim 7:

7. The reflectometer of claim 3, wherein said
span comprises a single-mode fiber optic
cable.

Patent Claim 10:

10. The method of claim 3, wherein said
optical fiber span comprises a fiber optic
cable of the polarization preserving type.

Patent Claim 11:

11. The reflectometer of claim 3, wherein:
said optical fiber span has a coating made
of a thermoplastic material having the
combined characteristics of a low Young's
modulus and a Poisson's ratio below that of
natural rubber, and

said coating serving to enhance the
longitudinal component of strain variation
derived from an acoustic wave signal whose
wave front is incident to the span from a
direction at least in part having a lateral
component in the direction along which the
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wave front propagates.

Patent Claim 20:

20. The reflectometer of claim 1, wherein
each of:

(i) said coherent carrier lightwave signal;
(i1) said coherent local oscillator lightwave
signal; (iii) said spread spectrum modulated
interrogation lightwave signal; (iv) said
composite back-propagating lightwave signal;
(v) said radio frequency (r.f.) composite
difference beat signal; and (vi) each
counterpart of said r.f. counterpart of the
subcomponents of said second signal
component of said composite back-
propagating lightwave signal, is a continuous
wave (CW) signal.

Patent Claim 21:

21. A system wherein, at respective sensing
stations of a plurality of sensing stations along
a span of optical fiber, the system senses
input signals of a type having a property of
inducing light path changes at regions of
the span influenced by such input signals,
comprising:

means for illuminating an optical fiber
span with a CW optical signal and for
retrieving back-propagating portions of the
illumination back propagating from a
continuum of locations along the span;

means for modulating the CW optical
signal in accordance with a reiterative
autocorrelatable form of modulation code;

means for picking off from said retrieved
back-propagating portions of the
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illumination a radio frequency (r.f.)
counterpart of the retrieved back-
propagated modulated CW optical signal;

means for performing a corresponding
plurality of autocorrelation detections
processes on said (r.f.) counterpart of the
retrieved optical signal in respective
predetermined timed relationships to said
reiterated modulation code; and

means for performing a corresponding
plurality of phase demodulation processes
upon said r.f. counterpart of the retrieved
back-propagated moduluated [sic] CW optical
signal, said demodulation processes bing [sic]
performed in phase locked synchronism with
said CW optical signal.

Patent Claim 22:

22. Signal sensing apparatus for sensing
input signals at an array of a plurality of
sensing stations along an optical fiber span,
wherein at respective sensing station of the
array the apparatus senses input signals of
a type having the property of inducing light
path changes within regions influenced by
such input signals, said apparatus
comprising:

an optical wave network comprising a
transmitter laser and a lightwave directional
coupler, said network being operative to
illuminate an optical fiber span with a CW
optical signal and to retrieve portions of the
illumination back-propagating from a
continuum of locations along the fiber span;

a modulator operative to modulate the CW
optical signal in accordance with a
reiterative autocorrelable form of
modulation code;
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a heterodyner which receives said retrieved
back-propagated portions of illumination
and derives therefrom a radio frequency
(r.f.) counterpart thereof; and

a subsystem which receives said r.f.
counterpart of the retrieved back-
propagated portions of said illumination
and is operative to derive signals
representative of the phases of input signals
respectively influencing the sensing stations
of said plurality of sensing stations, said
subsystem including;

a corresponding plurality of
autocorrelation detectors which
respectively detect components of said r.f.
counterpart of the retrieved portions of the
illumination representative of the optical
input signals influencing the corresponding
sensing stations; and

a corresponding plurality of phase
demodulators which receive respective
corresponding detected components of the
input signals, said demodulators being
operative in phase locked synchronism with
said CW optical signal.

The Examiner finds that claims 23, 25, 26, 28-30 of the ‘161 Reissue Proceedings have

essentially the same claim requirements as the ‘884 ODP Claims, just somewhat broader. (See

comparison above). In addition, where claims 23, 25, 26, 28-30 of the ‘161 Reissue Proceedings

and the ‘884 ODP Claims are not exactly the same, the Examiner finds that claims 23, 25, 26,

28-30 of the ‘161 Reissue Proceedings would be obvious variants to one of ordinary skill in the

art based on engineering expediency of the ‘884 ODP Claims.
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Claim 24 is rejected on the ground of nonstatutory double patenting as being
unpatentable over the ‘884 ODP Claims of the ‘884 patent in view of Kersey et al.’806 (U.S.

Patent No. 6,285,806).!

Claim 27 is rejected on the ground of nonstatutory double patenting as being
unpatentable over the ‘8§84 ODP Claims of the ‘884 patent in view of Nilsson (U.S. Patent No.

5,177,764).*

K. U.S. Patent No. 7,274,441

Claims 23, 25, 26, 28-30 are rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1, 5, 7-9, 12-14, 23 and 24 (*“‘441 ODP Claims”) of U.S. Patent
No. 7,274,441 (““441 patent”). Although the claims at issue are not identical, they are not
patentably distinct from each other because the scopes of the pending claims 23, 25, 26, 28-30
are identical or similar and/or covered by the 441 ODP Claims. For example, by comparing the

pending claims 23, 25, 26, 28-30 and the ‘441 ODP Claims shown below:

System Claims of ‘161 Reissue Proceedings Apparatus Claims of ‘441 patent
Pending Claim 23: Patent Claim 1:
23. A system comprising: 1. A time-domain reflectometer for sensing

at a desired set of n spaced sensing
a span of optical fiber having sensing zone positions along an optical fiber span, said

segments wherein signals incident to said sensing positions being for sensing a type of
span have a property of inducing light path | external physical signal having the
changes at sensing zone segments that property of inducing light path changes

*! See the pre-AIA 35 U.S.C. 103(a) rejection of claims 24 and 32 over Kersey et al.'806 below for prima facie
teachings of claim requirements and obviousness.

*2 See the pre-AlIA 35 U.S.C. 103(a) rejection of claim 27 and 35 over Kersey et al.’806 and Nilsson below for
prima facie teachings of claim requirements and obviousness.
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result in a back-propagating signal wherein
each zone segment has a specialized sensing
function;

a light source operative to provide a
continuous wave (CW) optical signal;

a modulator operative to modulate the CW
optical signal with a reiterative
autocorrelatable form of modulation, said
modulator providing the modulated CW
optical fiber to the span,;

an optical receiver joined to said span and
capable of receiving a retrieved optical
signal returned therefrom, wherein the
retrieved optical signal comprises back-
propagating portions of the illumination
from sensing zone segments, said receiver
operative to produce a radio frequency
(r.f.) counterpart signal of the retrieved
optical signal; and

a processor operative to detect a reiterative
autocorrelatable form of modulation from
the counterpart signal in a corresponding
plurality of different timed relationships
with respect to the reiterative
autocorrelatable form of modulation of the
CW optical signal to give at least one signal
for each zone segment.

Pending Claim 25:

25. The system of claim 23, wherein said
span has a length L and said light source is
a laser having the capability to generate a
lightwave signal with sufficient stability to
retain coherency in propagation along said
span for a distance at least equal to two
times length L.

within the optical fiber span at regions
there along where the signal is coupled to
the span, comprising:

an optical fiber span having a first end
which concurrently serves as both the
interrogation signal input end and the back
propagating signal output end for purposes
of reflectometry, and having a second
remote end;

a first light source for producing a
coherent carrier lightwave signal of a first
predetermined wavelength;

a binary pseudonoise code sequence
modulator modulating said carrier signal
for producing a pseudonoise code sequence
modulated interrogation lightwave signal
which continuously reiterates the binary
pseudonoise code sequence, the reiterated
sequences being executed in a fixed
relationship to a predetermined timing
base;

a lightwave heterodyner having first and
second inputs for receiving a primary
signal and a local oscillator signal,
respectively, and operative to produce the
beat frequencies of their respective
frequencies;

a lightwave directional coupler having a first
port which receives said binary pseudonoise
code sequence modulated interrogation
lightwave, a second port coupled to said first
end of said optical fiber span, and a third port
coupled to said primary signal input of the
heterodyner;

said directional coupler coupling said binary
pseudonoise code sequence modulated
interrogation lightwave to said second port
where it is launched in a forwardly
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Pending Claim 26:

26. The system of claim 25, wherein the
length L of said span is at least about 5 km.

Pending Claim 28:

28. The system of claim 23, wherein said
span of optical fiber comprises a single
mode fiber optic cable.

Pending Claim 29:

29. The system of claim 23, wherein said
span of optical fiber is made from the
polarization preserving type of optical
fiber.

Pending Claim 30:

30. The system of claim 23, wherein said
span of optical fiber span has a coating
made of a thermoplastic material having
the combined characteristics of a low
Young's modulus and a Poisson's ratio
below that of natural rubber, wherein the
coating enhances the longitudinal
component of strain variation derived from
an acoustic wave signal whose wave front is
incident to the optical fiber span from a
direction at least in part having a lateral
component in the direction along which the
wave front propagates.

propagating direction along said optical fiber
span causing the return to said second port
of a composite back-propagating lightwave
which is a summation of lightwave back-
propagations from a continuum of
locations along the length of the span, said
composite back-propagating lightwave
signal comprising a summation of multiple
components including;

a first signal component comprising the
summation of portions of the said
pseudonoise code sequence modulated
interrogation lightwave signal which the
innate properties of the optical fiber cause to
backpropagate at a continuum of locations
along the span, and

a second signal component comprising the
modulation of said first signal component
caused by longitudinal components of optical
path changes induced into said span at a
continuum of locations along said span by
external physical signals, said second signal
component further including a corresponding
set of subcomponents comprising the
modulation of said first signal component by
optical path changes caused by said external
signals at the respective sensing positions;

said directional coupler coupling said
composite back-propagating lightwave to
said third port where it is applied to said
first input of the heterodyner;

a second light source coupled to said second
input of the lightwave heterodyner, said
second light source producing a coherent local
oscillator lightwave signal in phase locked
relation to said carrier lightwave signal, said
local oscillator signal being of a second
predetermined wavelength which differs from
the first predetermined wavelength by an
amount of difference small enough to
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produce at the output of the heterodyner a
radio frequency (r.f.) composite difference
beat signal, but by an amount large enough
to cause said r.f. composite difference beat
signal to have sufficient bandwidth to cause
it to include r.f. counterparts of signal
components and subcomponents of said
composite back propagating lightwave
signal;

said r.f. composite difference beat signal
being coupled to an n-way splitter
providing a corresponding set of n output
channels, each transmitting said r.f.
composite difference beat signal;

a corresponding set of n correlation-type
binary pseudonoise code sequence
demodulators having their respective
inputs connected to the corresponding
output channels of said n-way splitter
through a corresponding set of time delay
circuits which respectively provide a
corresponding set of predetermined time
delays in relation to said predetermined
timing base of the binary pseudonoise code
sequence modulator, to establish said n
desired sensing positions along said optical
fiber span;

said set of correlation-type binary
pseudonoise code sequence demodulators
serving to conjunctively temporally and
spatially de-multiplex said r.f. composite
difference beat signal to provide at their
respective outputs r.f. counterparts of the
subcomponents of said second signal
component of said composite back-
propagating lightwave signal caused by
changes in the optical path within said
optical fiber span induced by external
physical signals respectively coupled to the
corresponding sensing positions;
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a corresponding set of n phase demodulators
for transforming each respective r.f.
counterpart of said second component into a
substantially linear signal representative of
radian phase of the corresponding lightwave
subcomponent signal; and

at least one subtracter circuit having a first
and a second input for respectively receiving
outputs from a selected first and a selected
second of said set of n phase demodulators, to
produce a differential phase signal which is
representative of the difference between the
radian phases of the r.f. counterparts of two
subcomponents of said second component of
the composite back-propagating lightwave
signal, which two subcomponents are caused
by external signals at sensing positions along
said optical fiber span established by the time
delay circuits respectively associated with
said selected first and said selected second
phase demodulators.

Patent Claim 5:

5. The reflectometer of claim 1 wherein said
type of external physical signal which
induces light path changes in said optical
fiber span is an acoustic pressure wave
signal.

Patent Claim 7:

7. The reflectometer of claim 5 wherein:
said optical fiber span is of a length L; and
said first light source is a laser having the
performance capability to generate a
lightwave signal with sufficient phase
stability to substantially retain coherency
in propagation along said optical fiber span
for a distance at least equal to 2L.
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Patent Claim 8:

8. The reflectometer of claim 7, wherein the
length L of said optical fiber span is at least
S km.

Patent Claim 9:

9. The reflectometer of claim 5, wherein said
span comprises a single-mode fiber optic
cable.

Patent Claim 12:

12. The method of claim 5, wherein said
optical fiber span comprises a fiber optic
cable of the polarization preserving type.

Patent Claim 13:

13. The reflectometer of claim 5, wherein:
said optical fiber span has a coating made
of a thermoplastic material having the
combined characteristics of a low Young's
modulus and a Poisson's ratio below that of
natural rubber, and

said coating serving to enhance the
longitudinal component of strain variation
derived from an acoustic wave signal whose
wave front is incident to the span from a
direction at least in part having a lateral
component in the direction along which the
wave front propagates.

Patent Claim 14:

14. The reflectometer of claim 5, wherein
each of: (i) said coherent carrier lightwave
signal; (ii) said coherent local oscillator
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lightwave signal; (iii) said spread spectrum
modulated interrogation lightwave signal; (iv)
said composite back-propagating lightwave
signal; (v) said radio frequency (r.f.) composite
difference beat signal; and (vi) each
counterpart of said r.f. counterpart of the
subcomponents of said second signal
component of said composite back-propagating
lightwave signal, is a continuous wave (CW)
signal.

Patent Claim 23:

23. A system wherein, at respective span
increment sensing stations of a plurality of
increment sensing stations along a span of
optical fiber, the system senses the phase
differential between input signals
respectively incident upon the bounds of
each station, for signals of a type having a
property of inducing light path changes at
regions of the span influenced by such
signals, said system comprising:

means for illuminating the span with a CW
optical signal and for retrieving back-
propagating portions of the illumination
back propagating from a continuum of
locations along the span;

means for modulating said CW optical
signal in accordance with a reiterative
autocorrelatable form of modulation with
respect to a reference timing base;

means for picking off from said retrieved
back-propagating portions of the
illumination a radio frequency (r.f.)
counterpart of the retrieved modulated
CW optical signal;

means for performing a second plurality of
autocorrelation detections processes upon
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said (r.f.) counterpart of the retrieved
back-propagated modulated CW optical
signals, said second plurality
corresponding to the number of bounds of
sensing stations, said second plurality of
autocorrelation detection processes being
performed in different timed relationships
relative the reference timing base
determined by propagation distances which
the modulated CW optical signal travels to
the respective bound;

means for detecting the radian phase of each
input signal at each respective timed
relationship by which said autocorrelation
detection means performs processing for a
respective bound, said detection means
performing the radian phase detection of each
input signal in phase locked relationship to
said CW optical signal; and

means for determining the difference between
radian phases of the signals at the respective
timed relationships associated with each pair
of bounds of each span increment sensing
station.

Patent Claim 24:

24. Signal sensing array apparatus,
wherein at respective span increment
sensing stations of a first plurality of span
increment sensing stations along a span of
optical fiber the apparatus senses phase
differentials between input signals
respectively incident the bounds of each
span increment sensing station, the input
signals being of a type having a property of
inducing light path changes at regions of
the span influenced by such signals, said
apparatus comprising:

an optical wave network comprising a
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transmitter laser and a lightwave directional
coupler, said network being operative to
illuminate an optical fiber span with a CW
optical signal and to retrieve portions of the
illumination back-propagating from a
continuum of locations along the fiber span;

a modulator operative to modulate the CW
optical signal in accordance with a
reiterative autocorrelable form of
modulation code;

a heterodyner which receives said
retrieved, back-propagated, portions of
illumination and derives therefrom a radio
frequency (r.f.) counterpart thereof; and

a phases-of-input-signals detector for
determining the phase of input signal at
each bound of each span increment sensing
station of said first plurality of span
increment sensing stations, said phases-of-
input-signals detector being operative in
respective timed relationships of a second
plurality of timed relationships
corresponding to the bounds of the sensing
stations, said timed relationships being
with respect to said reiterative
autocorrelable form of modulation code,
said phases-of-input-signals detector
including:

a corresponding second plurality of
autocorrelation detectors which
respectively detect temporal portions of the
r.f. counterparts of the retrieved, back-
propagated, portions of said illumination
that occur in the timed relationships
corresponding to the bounds of each span
increment sensing station and detect
electronic representations of the optical
input signals incident the respective
bounds;
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a corresponding second plurality of phase
demodulators which are operative in phase
locked relationships with said CW optical
signal and which respectively receive said
detected electronic representations of the
optical input signals; and

a subtracter network coupled to receive the
outputs of said second plurality of phase
demodulators and which is operative to
determine the differences between the phase
demodulator outputs of each pair of phase
demodulator outputs which correspond to a
pair of bounds of each span increment sensing
station of the first plurality of said stations.

The Examiner finds that claims 23, 25, 26, 28-30 of the ‘161 Reissue Proceedings have
essentially the same claim requirements as the ‘441 ODP Claims, just somewhat broader. (See
comparison above). In addition, where claims 23, 25, 26, 28-30 of the ‘161 Reissue Proceedings
and the ‘441 ODP Claims are not exactly the same, the Examiner finds that claims 23, 25, 26,
28-30 of the ‘161 Reissue Proceedings would be obvious variants to one of ordinary skill in the

art based on engineering expediency of the ‘441 ODP Claims.

Claim 24 is rejected on the ground of nonstatutory double patenting as being
unpatentable over the ‘441 ODP Claims of the ‘441 patent in view of Kersey et al.’806 (U.S.

Patent No. 6,285,806).%

*? See the pre-AlIA 35 U.S.C. 103(a) rejection of claims 24 and 32 over Kersey et al.'806 below for prima facie
teachings of claim requirements and obviousness.
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Claim 27 is rejected on the ground of nonstatutory double patenting as being

unpatentable over the ‘441 ODP Claims of the ‘441 patent in view of Nilssor (U.S. Patent No.

5,177,764).*

L. U.S. Patent No. 7,268,863

Claims 23 and 25-30 are rejected on the ground of nonstatutory double patenting as being

unpatentable over claims 1, 4, 6-9, 22, 23, 26, 27, 31 and 32 (‘863 ODP Claims”) of U.S. Patent

No. 7,268,863 (“*863 patent”). Although the claims at issue are not identical, they are not

patentably distinct from each other because the scopes of the pending claims 23 and 25-30 are

identical or similar and/or covered by the ‘863 ODP Claims. For example, by comparing the

pending claims 23 and 25-30 and the ‘863 ODP Claims shown below:

System Claims of ‘161 Reissue Proceedings

Apparatus Claims of ‘863 patent

Pending Claim 23:
23. A system comprising:

a span of optical fiber having sensing zone
segments wherein signals incident to said
span have a property of inducing light path
changes at sensing zone segments that
result in a back-propagating signal wherein
each zone segment has a specialized sensing
function;

a light source operative to provide a
continuous wave (CW) optical signal;

a modulator operative to modulate the CW
optical signal with a reiterative

Patent Claim 1:

1. A time-domain reflectometer for sensing
at a desired set of n spaced sensing
positions along an optical fiber span, said
sensing positions being for sensing a type of
external physical signal having the
property of inducing light path changes
within the optical fiber span at regions
there along where the signal is coupled to
the span, comprising:

an optical fiber span having a first end
which concurrently serves as both the
interrogation signal input end and the back
propagating signal output end for purposes
of reflectometry, and having a second

** See the pre-AIA 35 U.S.C. 103(a) rejection of claim 27 and 35 over Kersey et al.’806 and Nilsson below for
prima facie teachings of claim requirements and obviousness.
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