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(57) ABSTRACT 

A method for capturing a digital panoramic image includes 
projecting a panorama onto an image sensor by means of a 
panoramic objective lens. The panoramic objective lens has a 
distribution function of the image points that is not linear 
relative to the field angle of the object points of the panorama, 
such that at least one zone of the image obtained is expanded 
while at least another zone of the image is compressed. When 
a panoramic image obtained is then displayed, correcting the 
non-linearity of the initial image is required and is performed 
by means of a reciprocal function of the non-linear distribu
tion function of the objective lens or by means of the non
linear distribution function. 
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EXPARTE 
REEXAMINATION CERTIFICATE 

ISSUED UNDER 35 U.S.C. 307 

THE PATENT IS HEREBY AMENDED AS 
INDICATED BELOW. 

Matter enclosed in heavy brackets [ ] appeared in the 
patent, but has been deleted and is no longer a part of the 
patent; matter printed in italics indicates additions made 
to the patent. 

AS A RESULT OF REEXAMINATION, IT HAS BEEN 
DETERMINED THAT: 

Claims 1, 6, 7, 17-20, 22, 23 and 25 are cancelled. 

Claims 2-4, 10 and 15 are determined to be patentable as 
amended. 

2 
ing image points on the obtained image in a coordinate 
system of center 0' using at least the non-linear distri
bution function and a size L of the obtained image. 

28. The method according to claim 27, wherein the objec
tive lens compresses the center of the image and the edges of 
the image and expands an intermediate zone of the image 
located between the center and the edges of the image. 

29. The method according to claim 27, wherein the objec
tive lens comprises a set of lenses forming an apodizer. 

lO 30. The method according to claim 29, wherein the set of 
lenses forming an apodizer comprises at least one aspherical 
lens. 

31. The method according to claim 27, wherein the step of 

15 
correcting comprises a step of transforming the initial image 
into a corrected digital image comprising a number of image 
points higher than the number of pixels that the image sensor 
comprises. 

32. A panoramic objective lens comprising: 

Claims 11 and 16, dependent on an amended claim, are 20 

determined to be patentable. 

a set of lenses configured to project a panorama into an 
image plane of the objective lens, the panoramic objec
tive lens having an image point distribution function that 
is not linear relative to a field angle of object points of 
the panorama, the distribution function having a maxi
mum divergence of at least +l-10% compared to a linear 
distribution function, such that a panoramic image 

New claims 27-47 are added and determined to be 
patentable. 

Claims 5, 8, 9, 12-14, 21, 24 and 26 were not reexamined. 
25 

2. The method according to claim [1] 27, wherein the 
objective lens has a non-linear distribution function that is 
symmetrical relative to the optical axis of the objective lens, 
the position of an image point relative to the center of the 
image varying according to the field angle of the correspond- 30 

ing object point. 

obtained using the objective lens comprises at least one 
substantially expanded zone and at least one substan
tially compressed zone, 

wherein the panoramic image obtained by the objective 
lens is configured to be corrected by retrieving image 
points on the obtained image in a coordinate system of 
center 0' using at least the non-linear distribution func
tion, and a size L of the obtained image. 

3. The method according to claim [1] 27, wherein the 
objective lens expands the center of the image and com
presses the edges of the image. 

4. The method according to claim [1] 27, wherein the 35 

objective lens expands the edges of the image and compresses 
the center of the image. 

33. The lens according to claim 32, wherein the objective 
lens has a non-linear distribution function that is symmetrical 
relative to the optical axis of the objective lens, the position of 
an image point relative to the center of the image varying 
according to the field angle of the corresponding object point. 

10. A method for displaying an initial panoramic image 
obtained in accordance with the method according to claim 1, 
the method for displaying comprising: 

correcting the non-linearity of the initial image, performed 
by means of a reciprocal function of the non-linear dis
tribution function of the objective lens [or by means of 
the non-linear distribution function]. 

15. The method according to claim [10] 27, further com
prising: 

determining the color of image points of a display window, 
by projecting the image points of the display window 
onto the initial image by means of the non-linear distri
bution function, and 

allocating to each image point of the display window the 
color of an image point that is the closest on the initial 
image. 

2 7. A method for displaying a digital panoramic image, the 
method comprising: 

obtaining a digital panoramic image by projecting a pan
orama onto an image sensor using a panoramic objec
tive lens, the panoramic objective lens having an image 
point distribution function that is not linear relative to a 
field angle of object points of the panorama, the distri
bution function having a maximum divergence of at least 
+l-10% compared to a linear distribution function, such 
that the panoramic image obtained has at least one 
substantially expanded zone and at least one substan
tially compressed zone; and 

displaying the obtained panoramic image by correcting the 
non-linearity of the initial image, performed by retriev-

40 34. The lens according to claim 32, wherein the objective 
lens expands the center of the image and compresses the 
edges of the image. 

35. The lens according to claim 32, wherein the objective 
lens expands the edges of the image and compresses the 

45 center of the image. 

50 

36. The lens according to claim 32, wherein the objective 
lens compresses the center of the image and the edges of the 
image and expands an intermediate zone of the image located 
between the center and the edges of the image. 

3 7. The lens according to claim 3 2, wherein the set of lenses 
comprises at least one aspherical lens. 

3 8. A method for capturing a digital panoramic image, by 
projecting a panorama onto an image sensor using a pan
oramic objective lens, the panoramic objective lens having an 

55 image point distribution function that is not linear relative to 
the field angle of object points of the panorama, the distribu
tion function having a maximum divergence of at least 10% 
compared to a linear distribution function, such that the pan
oramic image obtained has at least one substantially 

60 expanded zone and at least two substantially compressed 
zones. 

39. The method according to claim 38, wherein the objec
tive lens has a non-linear distribution function that is sym
metrical relative to the optical axis of the objective lens, the 

65 position of an image point relative to the center of the image 
varying according to the field angle of the corresponding 
object point. LGE Exhibit 1003 
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40. A method for displaying an initial panoramic image 
obtained in accordance with the method according to claim 
38, the method for displaying comprising: 

correcting the non-linearity of the initial image, performed 
using a reciprocal function of the non-linear distribution 
function of the objective lens or using the non-linear 
distribution function. 

41. The method according to claim 40, wherein the step of 
correcting comprises a step of transforming the initial image 
into a corrected digital image comprising a number of image 1 o 
points higher than the number of pixels that the image sensor 
comprises. 

42. The method according to claim 41,further comprising: 
calculating the size of the corrected image, using the recip

rocal function of the distribution function, so that the 15 

resolution of the corrected image is equivalent to the 
most expanded zone of the initial image, and 

scanning each image point of the corrected image, search
ing/or the position of a twin point of the image point on 
the initial image and allocating the color of the twin 20 

point to the image point of the corrected image. 
43. The method according to claim 41, wherein the initial 

image and the corrected image comprise an image disk. 
44. The method according to claim 41,further comprising: 
transferring the image points of the corrected image into a 25 

three-dimensional space, and 
presenting one sector of the three-dimensional image 

obtained on a display. 

4 
45. The method according to claim 40,further comprising: 
determining the color of image points of a display window, 

by projecting the image points of the display window 
onto the initial image using the non-linear distribution 
function, and 

allocating to each image point of the display window the 
color of an image point that is the closest on the initial 
image. 

46. The method according to claim 45, wherein the projec
tion of the image points of the display window onto the initial 
image comprises: 

projecting the image points of the display window onto a 
sphere or a sphere portion, 

determining the angle in relation to the center of the sphere 
or the sphere portion of each projected image point, and 

projecting onto the initial image each image point pro
jected onto the sphere or the sphere portion, the projec
tion being performed using the non-linear distribution 
function considering the field angle that each point to be 
projected has in relation to the center of the sphere or the 
sphere portion. 

47. The method according to claim 38, wherein the objec
tive lens compresses at least one zone near the center and at 
least one zone near the edge, and expands at least one inter
mediate zone of the image between the center and the edge of 
the image. 

* * * * * 
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STATEMENT OF REASONS FOR PATENTABILITY AND/OR CONFIRMATION 

1. Claims 1-4, 6, 7, 10, 11, 15-20, 22, 23, and 25 of Artonne (US 6,844,990 B2) are being 

reexamined. Claims 1, 6, 7, 17-20, 22, 23, 25, and 48 have been canceled. Claims 5, 8, 9, 12-14, 

21, 24, and 26 are not subject to reexamination. 

2. Claims 2-4, 10, 11, 15, and 16, and new claims 27-47 are patentable. 

3. The following is an examiner's statement ofreasons for patentability and/or confirmation 

of the claims found patentable in this reexamination proceeding: 

Patent Owner's (PO's) amendment filed 12 February 2015 has overcome all of the 

rejections in the previous Office action mailed 29 January 2015. As noted in that action, the prior 

art of record, including N agaoka, Baker, Fisher, Shiota, Matsui, Enami, and Inoue, does not 

specifically disclose or fairly teach a method for capturing a digital panoramic image or a 

panoramic objective lens including all of the elements, steps, and limitations recited in claims 2-

4, 10, 11, 15, 16, and 27-47 (including all of the limitations of any respective parent claims), 

particularly including 

correcting the non-linearity of the initial image, performed by means of a reciprocal 

function of the non-linear distribution function of the objective lens ( e.g., claims 10 and 11 ); or 

displaying the obtained panoramic image by correcting the non-linearity of the initial 

image, performed by retrieving image points on the obtained image in a coordinate system of 

center O' using at least the non-linear distribution function and a size L of the obtained image 

(e.g., claims 2-4, 15, 16, and 27-31); 

or particularly wherein 

LGE Exhibit 1003 
LGE v. ImmerVision 

Page 6 of 356



Application/Control Number: 90/013,410 

Art Unit: 3992 

Page 3 

the panoramic image obtained by the objective lens is configured to be corrected by 

retrieving image points on the obtained image in a coordinate system of center O' using at least 

the non-linear distribution function, and a size L of the obtained image ( e.g., claims 32-37); or 

the panoramic image obtained has at least one expanded zone and at least two 

compressed zones (e.g., claims 38-47). 

4. Any comments considered necessary by PA TENT OWNER regarding the above 

statement must be submitted promptly to avoid processing delays. Such submission by the 

patent owner should be labeled: "Comments on Statement of Reasons for Patentability and/or 

Confirmation" and will be placed in the reexamination file. 

5. All correspondence relating to this ex parte reexamination proceeding should be directed: 

By mail to: 

By fax to: 

By hand to: 

Mail Stop Ex Parte Reexam 
Central Reexamination Unit 
Commissioner for Patents 
United States Patent & Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313-1450 

(571) 273-9900 
Central Reexamination Unit 

Customer Service Window 
Randolph Building 
401 Dulany Street 
Alexandria, VA 22314 

Any inquiry concerning this communication should be directed to the Central 

Reexamination Unit at telephone number (571) 272-7705. 

/Christina Y. Leung/ 

Primary Examiner, Art Unit 3992 
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Docket No.: 688266-21RX 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent of: 
Jean-Claude ARTONNE et al. 

Reexamination Control No.: 90/013,410 

Filed: November 26, 2014 

For: METHOD FOR CAPTURING AND 
DISPLAYING AV ARIABLE RESOLUTION 
DIGITAL PANORAMIC IMAGE 

Patent No. 6,844,990 

Confirmation No.: 4682 

Art Unit: 3992 

Examiner: C. Y. Leung 

AMENDMENT UNDER 37 C.F.R. §§ 1.111 AND 1.530 

The following Amendment and Remarks are being submitted in response to the Office 

Action dated January 29, 2015, and are being timely filed within the two month period set for 

reply, namely by March 29, 2015. No fee is believed to be due with this response, but if any fee 

is due, please charge such fee to Deposit Account No. 50-1017. 

Amendments to and Listing of the Claims Subject to Reexamination begiri on 

page 2 of this paper. 

Remarks/ Arguments begin on page 9 of this paper. 
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Reexamination Control No. 90/013,410 
Reply to Office Action of Janumy 29, 2015 

AMENDMENTS TO AND LISTING OF CLAIMS SUBJECT TO REEXAMINATION 

The following listing of claims subject to reexamination replaces all prior versions, and 

listings, of claims subject to reexamination. 

1. (Cancelled). 

2. (Amended) The method according to claim [1] 27, wherein the objective lens has 

a non-linear distribution function that is symmetrical relative to the optical axis of the objective 

lens, the position of an image point relative to the center of the image varying according to the 

field angle of the corresponding object point. 

3. (Amended) The method according to claim [l] 27, wherein the objective lens 

expands the center of the image and compresses the edges of the image. 

4. (Amended) The method according to claim [1] 27, wherein the objective lens 

expands the edges of the image and compresses the center of the image. 

5. (Not Subject to Reexamination). 

6-7. (Cancelled). 

8-9. (Not Subject to Reexamination). 

10. (Amended) A method for displaying an initial panoramic image obtained in 

accordance with the method according to claim 1, the method for displaying comprising: 

correcting the non-linearity of the initial image, performed by means of a reciprocal function of 

the non-linear distribution function of the objective lens [ or by means of the non-linear 

distribution function]. 
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Reexamination Control No. 90/013,410 
Reply to Office Action of Januaty 29, 2015 

11. (Original) The method according to claim 10, wherein the step of correcting 

comprises a step of transforming the initial image into a corrected digital image comprising a 

number of image points higher than the number of pixels that the image sensor comprises. 

12-14. (Not Subject to Reexamination). 

15. (Amended) The method according to claim [10] 27, further comprising: 

determining the color of image points of a display window, by projecting the image 

points of the display window onto the initial image by means of the non-linear distribution 

function, and 

allocating to each image point of the display window the color of an image point that is 

the closest on the initial image. 

16. (Original) The method according to claim 15, wherein the projection of the image 

points of the display window onto the initial image comprises: 

projecting the image points of the display window onto a sphere or a sphere portion, 

determining the angle in relation to the center of the sphere or the sphere portion of each 

projected image point, and 

projecting onto the initial image each image point projected onto the sphere or the sphere 

portion, the projection being performed by means of the non-linear distribution function 

considering the field angle that each point to be projected has in relation to the center of the 

sphere or the sphere portion. 

17-20. (Cancelled). 

21. (Not Subject to Reexamination). 

22-23. (Cancelled). 
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Reexamination Control No. 90/013,410 
Reply to Office Action of January 29, 2015 

24. (Not Subject to Reexamination). 

25. (Cancelled). 

26. (Not Subject to Reexamination). 

27. (New) A method for displaying a digital panoramic image, the method 

compnsmg: 

obtaining a digital panoramic image by projecting a panorama onto an image sensor 

using a panoramic objective lens, the panoramic objective lens having an image point 

distribution function that is not linear relative to a field angle of object points of the panorama, 

the distribution function having a maximum divergence of at least+/- 10% compared to a linear 

distribution function, such that the panoramic image obtained has at least one substantially 

expanded zone and at least one substantially compressed zone; and 

displaying the obtained panoramic image by correcting the non-linearity of the initial 

image, performed by retrieving image points on the obtained image in a coordinate system of 

center O' using at least the non-linear distribution function and a size L of the obtained image. 

28. (New) The method according to claim 27, wherein the objective lens compresses 

the center of the image and the edges of the image and expands an intermediate zone of the 

image located between the center and the edges of the image. 

29. (New) The method according to claim 27, wherein the objective lens comprises a 

set of lenses forming an apodizer. 

30. (New) The method according to claim 29, wherein the set oflenses forming an 

apodizer comprises at least one aspherical lens. 

4 
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Reexamination Control No. 90/013,410 
Reply to Office Action of January 29, 2015 

31. (New) The method according to claim 27, wherein the step of correcting 

comprises a step of transforming the initial image into a corrected digital image comprising a 

number of image points higher than the number of pixels that the image sensor comprises. 

32. (New) A panoramic objective lens comprising: 

a set of lenses configured to project a panorama into an image plane of the objective lens, 

the panoramic objective lens having an image point distribution function that is not linear 

relative to a field angle of object points of the panorama, the distribution function having a 

maximum divergence of at least+/- I 0% compared to a linear distribution function, such that a 

panoramic image obtained using the objective lens comprises at least one substantially expanded 

zone and at least one substantially compressed zone, 

wherein the panoramic image obtained by the objective lens is configured to be corrected 

by retrieving image points on the obtained image in a coordinate system of center O' using at 

least the non-linear distribution function, and a size L of the obtained image. 

33. (New) The lens according to claim 32, wherein the objective lens has a non-

linear distribution function that is symmetrical relative to the optical axis of the objective lens, 

the position of an image point relative to the center of the image varying according to the field 

angle of the corresponding object point. 

34. (New) The lens according to claim 32, wherein the objective lens expands the 

center of the image and compresses the edges of the image. 

35. (New) The lens according to claim 32, wherein the objective lens expands the 

edges of the image and compresses the center of the image. 

36. (New) The lens according to claim 32, wherein the objective lens compresses the 

center of the image and the edges of the image and expands an intermediate zone of the image 

located between the center and the edges of the image. 
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Reply to Office Action of January 29, 2015 

37. (New) The lens according to claim 32, wherein the set oflenses comprises at 

least one aspherical lens. 

38. (New) A method for capturing a digital panoramic image, by projecting a 

panorama onto an image sensor using a panoramic objective lens, the panoramic objective lens 

having an image point distribution function that is not linear relative to the field angle of object 

points of the panorama, the distribution function having a maximum divergence of at least 10% 

compare? to a linear distribution function, such that the panoramic image obtained has at least 

one substantially expanded zone and at least two substantially compressed zones. 

39. (New) The method according to claim 38, wherein the objective lens has a non-

linear distribution function that is symmetrical relative to the optical axis of the objective lens, 

the position of an image point relative to the center of the image varying according to the field 

angle of the corresponding object point. 

40. (New) A method for displaying an initial panoramic image obtained in 

accordance with the method according to claim 38, the method for displaying comprising: 

correcting the non-linearity of the initial image, performed using a reciprocal function of the 

non-linear distribution function of the objective lens or using the non-linear distribution function. 

41. (New) The method according to claim 40, wherein the step of correcting 

comprises a step of transforming the initial image into a corrected digital image comprising a 

number of image points higher than the number of pixels that the image sensor comprises. 

42. (New) The method according to claim 41, further comprising: 

calculating the size of the corrected image, using the reciprocal function of the 

distribution function, so that the resolution of the corrected image is equivalent to the most 

expanded zone of the initial image, and 
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scanning each image point of the corrected image, searching for the position of a twin 

point of the image point on the initial image and allocating the color of the twin point to the 

image point of the corrected image. 

43. (New) The method according to claim 41, wherein the initial image and the 

corrected image comprise an image disk. 

44. (New) The method according to claim 41, further comprising: 

transferring the image points of the corrected image into a three-dimensional space, and 

presenting one sector of the three-dimensional image obtained on a display. 

45. (New) The method according to claim 40, further comprising: 

determining the color of image points of a display window, by projecting the image 

points of the display window onto the initial image using the non-linear distribution function, 

and 

allocating to each image point of the display window the color of an image point that is 

the closest on the initial image. 

46. (New) The method according to claim 45, wherein the projection of the image 

points of the display window onto the initial image comprises: 

projecting the image points of the display window onto a sphere or a sphere portion, 

determining the angle in relation to the center of the sphere or the sphere portion of each 

projected image point, and 

projecting onto the initial image each image point projected onto the sphere or the sphere 

portion, the projection being performed using the non-linear distribution function considering the 

field angle that each point to be projected has in relation to the center of the sphere or the sphere 

portion. 
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Reply to Office Action of January 29, 2015 

47. (New) The method according to claim 38, wherein the objective lens compresses 

at least one zone near the center and at least one zone near the edge, and expands at least one 

intermediate zone of the image between the center and the edge of the image. 

48. (Cancelled). 
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Reply to Office Action of January 29, 2015 

REMARKS 

Claims 1-4, 6-7, 10-11, 15-20, 22-23, 25, and 27-48 of U.S. Patent No. 6,844,990 ("the 

'990 Patent") are subject to reexamination. Claims 1, 6-7, and 22 were previously cancelled, 

claims 27-48 were previously added, and claims 2-4, 10, and 15 were previously amended by an 

amendment submitted with the request for reexamination. By virtue of the present amendment, 

claims 17-20, 23, 25, and new claim 48 have been cancelled. Further, claims 27, 32, and 38 have 

been amended to add the term "substantially" to the "compressed" and "expanded" zones, as was 

present in original claims 1 and 17 of the '990 Patent. 

Status of Patent Claims pursuant to 37 C.F.R. § l.530(e): 

1, 6-7, 17-20, 22-23, 25, and 48 - cancelled; 

2-4, 10-11, 15-16, and 27-47 - pending; and 

5, 8-9, 12-14, 21, 24, and 26- not subject to reexamination. 

No new matter has been added by the claim amendments and the amendments do not 

enlarge the scope of the original claims. The changes to claims 27, 32, and 38 are supported by 

original claims 1 and 17 of the '990 Patent, in addition to col. 4, Ins. 11-21 and col. 5, Ins. 29-39. 

Accordingly, entry of the amendments to the claims is respectfully requested. 

Patentable Subject Matter 

Patent Owner wishes to thank the Examiner for the indication that claims 10 and 11 are 

patentable, and that claims 2-4, 15, 16, and 27-4 7 contain patentable subject matter if amended to 

overcome the formality rejections. By virtue of the present amendment, Patent Owner has 

amended claims 27, 32, and 38 to address the issues highlighted by the Examiner. 

Claim Rejections Under 35 U.S.C. § 305 

Claims 2-4, 15, 16, and 27-48 were rejected under 35 U.S.C. § 305 as impermissibly 

broadening the scope of the original claims of the patent being reexamined. Specifically, 

independent claims 27, 32, 38, and 48 omitted the term "substantially," which was present before 

the claimed "expanded" and "compressed zones" in original claims 1 and 17 of the '990 Patent. 
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The Examiner asserts that the omission of this term expands the scope of the claims beyond 

original claims 1 and 17. Claim 48 has been cancelled, and the rejection thereofrendered moot. 

While not necessarily agreeing with the rejection as to remaining claims 2-4, 15, 16, and 

27-4 7, solely for the purpose of advancing the present reexamination proceeding, claims 27, 32, 

and 38 have each been amended to insert the term "substantially" prior to the claimed 

"expanded" and "compressed" zones. Patent Owner therefore respectfully requests withdrawal 

of the rejection of claims 2-4, 15, 16, and 27-47 under 35 U.S.C. § 305. 

Claim Rejectio11 Under 35 U.S.C. § 112,first paragraph 

Claim 48 was rejected under 35 U.S.C. § 112, first paragraph as lacking enablement for 

the feature of "wherein the objective lens has a non-linear distribution function that is not 

symmetrical relative to the optical axis of the objective lens." While not necessarily agreeing 

with the rejection, and solely for the purpose of advancing the reexamination proceeding, claim 

48 has been cancelled, and the rejection thereof rendered moot. Patent Owner therefore 

respectfully requests withdrawal of the rejection. 

Claim Rejections Under 35 U.S.C. §§ 102 and 103(a) 

Claims 17-20, 23, and 25 

Claims 17-20 and 23 were each rejected under 35 U.S.C. § 102 as being anticipated by 

one or more ofNagaoka, Baker, and Fisher. Claim 25, which depends from claim 17, was also 

rejected under 35 U.S.C. § 103(a) as being obvious over the combinations of Nagaoka in view of 

Inoue and Baker in view of Inoue. While not necessarily agreeing with the rejections, and solely 

for the purpose of advancing the reexamination proceeding, claims 17-20, 23, and 25 have all 

been cancelled, and the rejections thereof rendered moot. Patent Owner therefore respectfully 

requests withdrawal of these prior art rejections. 

Claim 48 

Claim 48 was separately rejected as being obvious under 35 U.S.C. § 103 over any of 

Nagaoka, Baker, or Fisher. As explained above, claim 48 has been cancelled, and the rejections 
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Reexamination Control No. 90/013,410 
Reply to Office Action of January 29, 2015 

thereof are therefore rendered moot. Patent Owner therefore respectfully requests withdrawal of 

these prior art rejections. 

CONCLUSION 

In view of the foregoing Amendment and Remarks, Patent Owner respectfully submits 

that claims 2-4, 10-11, 15-16, and 27-4 7 are patentable, and issuance of a Reexamination 

Certificate confirming the same is earnestly solicited. 

By~~----~~~~~~7"'----',.,___...~~~
Stephen E. Murray 
Registration No.: 63,206 
P ANITCH SCHWARZE BELISARIO & NADEL LLP 
One Commerce Square 
2005 Market Street, Suite 2200 
Philadelphia, Pennsylvania 19103 
(215) 965-1307 
(215) 965-1331 (Fax) 
smurray@panitchlaw.com (E-Mail) 
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6844990 
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3992 
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File) Status 
No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -

a. [8J Responsive to the communication(s) filed on 26 November 2014. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

b. D This action is made FINAL. 

c. D A statement under 37 CFR 1.530 has not been received from the patent owner. 

A shortened statutory period for response to this action is set to expire g month(s) from the mailing date of this letter. 
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3. 

4. 

D Interview Summary, PT0-474. 
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Part II SUMMARY OF ACTION 

1 a. [8J Claims 1-4, 6, 7, 10, 11, 15-20,22,23,25 and 27-48 are subject to reexamination. 

1b. [8J Claims 5,8,9.12-14,21,24 and 26are not subject to reexamination. 

2. [8J Claims 1,6,7 and 22 have been canceled in the present reexamination proceeding. 

3. [8J Claims 1 O and 11 are patentable and/or confirmed. 

4. [8J Claims 2-4, 15-20,23,25 and 27-48 are rejected. 

5. D Claims __ are objected to. 

6. D The drawings, filed on __ are acceptable. 

7. D The proposed drawing correction, filed on __ has been (7a) D approved (7b) D disapproved. 

8. D Acknowledgment is made of the priority claim under 35 U.S.C. § 119(a)-(d) or (f). 

a) D All b) D Some* c) D None of the certified copies have 

1 D been received. 

2 D not been received. 

3 D been filed in Application No. __ . 

4 D been filed in reexamination Control No. __ 

5 D been received by the International Bureau in PCT application No. __ . 

* See the attached detailed Office action for a list of the certified copies not received. 

9. D Since the proceeding appears to be in condition for issuance of an ex parte reexamination certificate except for formal 
matters, prosecution as to the merits is closed in accordance with the practice under Ex parte Quayle, 1935 C. D. 
11,453 O.G. 213. 

1 0. D Other: __ 

cc: Requester (if third party requester) 
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Application/Control Number: 90/013,410 

Art Unit: 3992 

DETAILED ACTION 

Reexamination 

Page 2 

1. Exparte reexamination of claims 1-4, 6, 7, 10, 11, 15-20, 22, 23, and 25 of Artonne (US 

6,844,990 B2) has been granted. Claims 5, 8, 9, 12-14, 21, 24, and 26 are not subject to 

reexamination in this proceeding. Patent Owner (PO) filed a preliminary claim amendment with 

the request for reexamination on 26 November 2014, canceling claims 1, 6, 7, and 22; amending 

claims 2-4, 10, and 15; and adding new claims 27-48. 

2. The claims currently pending in this proceeding are claims 2-4, 10, 11, 15-20, 23, 25, and 

27-48. 

2014) 

2014) 

References and Documents Cited in this Action 

Artonne (US 6,844,990 B2) 

Nagaoka (US 6,128,145 A) 

Baker (US 5,686,957 A) 

Fisher (US 3,953,111 A) 

Shiota (EP 1 028 389 A2) 

Matsui (JP 2000-242773; see English-language translation filed by PO on 26 November 

Enami (JP Hll-261868; see English-language translation filed by PO on 26 November 

Inoue (US 6,031,670 A) 

PO Request (request for reexamination filed by PO on 26 November 2014) 
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Art Unit: 3992 

Page 3 

PO Remarks (remarks filed by PO with a preliminary amendment on 26 November 

2014) 

Claim Rejections - 35 USC § 305 

3. Claims 2-4, 15, 16, and 27-48 are rejected under 35 U.S.C. 305 as enlarging the scope of 

the claim(s) of the patent being reexamined. In 35 U.S.C. 305, it is stated that "[n]o proposed 

amended or new claim enlarging the scope of a claim of the patent will be permitted in a 

reexamination proceeding .... " A claim presented in a reexamination "enlarges the scope" of the 

patent claim(s) where the claim is broader than any claim of the patent. 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. 

Regarding independent claims 27, 38, and 48, claims 27, 38, and 48 each include steps 

and limitations recited in original claim 1, except claims 27 and 48 recite "such that the 

panoramic image obtained has at least one expanded zone and at least one compressed zone" and 

claim 38 recites "such that the panoramic image obtained has at least one expanded zone and at 

least two compressed zones." In contrast, original claim 1 recites "at least one substantially 

expanded zone and at least one substantially compressed zone." Claims 27, 38, and 48 are 

rejected under 35 U.S.C. 305 because they are broader than the original claims in at least this 

aspect. The claims do not require a "substantially expanded" and a "substantially compressed" 

zone (i.e., expanded and compressed zones that are not "substantially" expanded and compressed 

would be contained within its scope). 
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Page 4 

Claims 2-4, 15, 16, 28-31, and 39-47 are also rejected under 35 U.S.C. 305 for the above 

reason because they depend on claim 27 or 38. 

Similarly, regarding independent claim 32, claim 32 includes elements and limitations 

recited in original claim 17, except claim 32 recites "such that a panoramic image obtained using 

the objective lens comprises at least one expanded zone and at least one compressed zone." In 

contrast, original claim 17 recites "at least one substantially expanded zone and at least one 

substantially compressed zone." Claim 32 is rejected under 35 U.S.C. 305 because it is broader 

than the original claims in at least this aspect. The claim does not require a "substantially 

expanded" and a "substantially compressed" zone (i.e., expanded and compressed zones that are 

not "substantially" expanded and compressed would be contained within its scope). 

Claims 33-37 are also rejected under 35 U.S.C. 305 for the above reason because they 

depend on claim 32. 

Claim Rejections - 35 USC§ 112 

4. The following is a quotation of the first paragraph of 35 U.S.C. l 12(a): 

(a) IN GENERAL-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 or joint inventor 
of carrying out the invention. 

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. 

5. Claim 48 is rejected under 35 U.S.C. l 12(a) or 35 U.S.C. 112 (pre-AIA), first paragraph, 

as failing to comply with the enablement requirement. The claim(s) contains subject matter 
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which was not described in the specification in such a way as to enable one skilled in the art to 

which it pertains, or with which it is most nearly connected, to make and/or use the invention. 

Claim 48 recites the limitation "wherein the objective lens has a non-linear distribution 

function that is not symmetrical relative to the optical axis of the objective lens." In PO Remarks 

(page 11), PO cites column 18, lines 17-28 to support this limitation: 

"In particular, although the description above was of non-linear panoramic objective 
lenses with axial symmetry relative to the optical axis, in which the position of an image point 
only varies with the field angle relative to this axis of the corresponding object point (which 
gives a distribution of points in concentric circles, as seen above), the framework of the present 
invention also covers providing objective lenses the non-linearity of which is not symmetrical 
relative to the optical axis, such that the expanded parts of the image may, in this case, not be set 
on the center of the image." (Artonne, column 18, lines 17-28) 

However, although the above contends that "the framework of the present invention also 

covers" the limitations recited in claim 48, Artonne does not disclose or illustrate any examples 

of objective lenses with a non-linear distribution that is not symmetrical relative to the optical 

axis. The embodiments described in Figures 1-18 and throughout the specification only include 

objective lenses with a symmetrical non-linear distribution. There is no embodiment disclosed in 

Artonne having a non-symmetrical non-linear distribution. Artonne also does not describe how 

to make an objective lens with a non-linear distribution that is not symmetrical relative to the 

optical axis. Therefore, claim 48 contains subject matter which was not described in the 

specification in such a way as to enable one skilled in the art to which it pertains, or with which 

it is most nearly connected, to make and/or use the invention. 

Claim Rejections - 35 USC § 102 

6. The following is a quotation of the appropriate paragraphs of pre-AIA 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 
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(a) the invention was known or used by others in this country, or patented or described in a printed 
publication in this or a foreign country, before the invention thereof by the applicant for a patent. 

(b) the invention was patented or described in a printed publication in this or a foreign country or in 
public use or on sale in this country, more than one year prior to the date of application for patent in the 
United States. 

( e) the invention was described in (1) an application for patent, published under section 122(b ), by 
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on an application for patent by another filed in the United States before the invention by the applicant 
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have the effects for purposes of this subsection of an application filed in the United States only if the 
international application designated the United States and was published under Article 21(2) of such 
treaty in the English language. 
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7. Claims 17, 18, and 20 are rejected under pre-AIA 35 U.S.C. 102(a) or 102(e) as being 

anticipated by Nagaoka. 

Regarding claim 17, Nagaoka discloses a panoramic objective lens (e.g., fisheye lens 1; 

Figure 2) comprising: 

optical means for projecting a panorama into an image plane of the objective lens (i.e., 

CCD image sensor 30), 

the optical means having an image point distribution function that is not linear relative to 

the field angle of object points of the panorama (e.g., Nagaoka discloses non-linear lenses with 

functions h=l.2f • tan (8/1.6) and h=l.6f • tan (8/2); Figures 3A-B' column 5, lines 34-67; 

column 6, lines 1-13), 

the distribution function having a maximum divergence of at least+/- 10% compared to a 

linear distribution function (e.g., the function h=l.2f • tan (8/1.6) diverges about 18% and the 

function h=l.6f • tan (8/2) diverges about 16% compared to a linear distribution function at 8 = 

45°), 
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such that a panoramic image obtained by means of the objective lens comprises at least 

one substantially expanded zone and at least one substantially compressed zone (Figure 3B 

shows the functions h=l.2f • tan (8/1.6) and h=l.6f • tan (8/2) each having a slope less than the 

linear distribution function between 0° and about 60° and a slope greater than the linear 

distribution function between about 60° and 90°, which correspond to an image with a 

compressed zone in the center and an a expanded zone near the periphery). 

Regarding claim 18, Nagaoka discloses a non- linear distribution function that is 

symmetrical relative to the optical axis of the objective lens, the position of an image point 

relative to the center of an image obtained varying according to the field angle of the 

corresponding object point. For example, the lenses having the functions h=l.2f • tan (8/1.6) and 

h=l.6f • tan (8/2) each have functions that are symmetrical relative to the optical axis (column 5, 

lines 34-67; column 6, lines 1-13; see Figures 3A-B and also Figures 4A-D, which show 

symmetry relative to the optical axis for lenses with related non-linear distribution functions). 

Regarding claim 20, N agaoka discloses that wherein the lens expands the edges of an 

image and compresses the center of the image. For example, Figure 3B shows the functions 

h=l.2f • tan (8/1.6) and h=l.6f • tan (8/2) each having a slope less than the linear distribution 

function between 0° and about 60° and a slope greater than the linear distribution function 

between about 60° and 90°, which correspond to an image with a compressed zone in the center 

and an a expanded zone near the periphery. 

8. Claims 17, 18, and 20 are rejected under pre-AIA 35 U.S.C. 102(b) as being anticipated 

by Baker. 
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Regarding claim 17, Baker discloses a panoramic objective lens ( e.g., the lens shown in 

Figures 3BA and 3BB) comprising 

optical means for projecting a panorama into an image plane of the objective lens (i.e., a 

CCD; column 13, lines 14-17), 

the optical means having an image point distribution function that is not linear relative to 

the field angle of object points of the panorama (Figures 3BA and 3BB; column 12, lines 23-25), 

the distribution function having a maximum divergence of at least+/- 10% compared to a 

linear distribution function (e.g., Baker discloses, compared to a linear distribution lens that 

would focus "the lowest 15 percent degrees from the horizon on ten percent of the imager," a 

non-linear lens that focuses that 15 degrees on "fifty percent of the imager" [column 6, lines 48-

56], which corresponds to a greater than 10% divergence of the image height at 75°), 

such that a panoramic image obtained by means of the objective lens comprises at least 

zone substantially expanded zone and at least one substantially compressed zone (i.e., Baker 

discloses that the periphery of the image is expanded and the center of the image is compressed; 

column 12, lines 29-32; see also Figure 3BB compared to the linear lens image in Figure 2B). 

Regarding claim 18, Baker discloses a non-linear distribution function that is 

symmetrical relative to the optical axis of the objective lens, the position of an image point 

relative to the center of an image obtained varying according to the field angle of the 

corresponding object point (Figure 3BB). 

Regarding claim 20, Baker discloses that the lens expands the edges of an image and 

compresses the center of the image (Figure 3BB shows an expanded periphery and a compressed 

center compared to the linear lens image in Figure 2B). 

LGE Exhibit 1003 
LGE v. ImmerVision 

Page 38 of 356



Application/Control Number: 90/013,410 

Art Unit: 3992 

Page 9 

9. Claims 17-19 and 23 are rejected under pre-AIA 35 U.S.C. 102(b) as being anticipated 

by Fisher. 

Regarding claim 17, Fisher discloses a panoramic objective lens (Figures 3 and 6) 

compnsmg: 

optical means for projecting a panorama into an image plane of the objective lens 

(Abstract; column 3, lines 48-49; column 4, lines 35-45), 

the optical means having an image point distribution function that is not linear relative to 

the field angle of object points of the panorama (Figure 3; column 1, lines 9-11; column 2, lines 

6-8), 

the distribution function having a maximum divergence of at least+/- 10% compared to a 

linear distribution function (Figure 3 shows the function labeled "Non-Linear Lens" 3, which is 

H=sin1138, having a divergence of greater than 10% compared to the linear distribution function of 

the "Fisheye Lens"), 

such that a panoramic image obtained by means of the objective lens comprises at least 

one substantially expanded zone and at least one substantially compressed zone (Fisher discloses 

that the center objects "occupy a disproportionately large share of the image cast by the lens 

when compared with other objects closer to the periphery of the field of view for the lens"; 

column 3, lines 4-12; see also Figure 4, which compares the object space to the image plane). 

Regarding claim 18, Fisher discloses a non- linear distribution function that is 

symmetrical relative to the optical axis of the objective lens, the position of an image point 

relative to the center of an image obtained varying according to the field angle of the 

corresponding object point (Figure 4; column 3, lines 21-42). 
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Regarding claim 19, Fisher discloses that the lens expands the center of an image and 

compresses the edges of the image. Specifically, Fisher discloses that the center objects "occupy 

a disproportionately large share of the image cast by the lens when compared with other objects 

closer to the periphery of the field of view for the lens" ( column 3, lines 4-12; see also Figure 4 

and column 3, lines 21-42). 

Regarding claim 23, Fisher discloses a panoramic objective lens according to claim 17 as 

discussed above, and further discloses a set of lenses forming an apodizer (as recited in claim 22, 

which is not subject to reexamination in this proceeding), at least in the sense that Fisher 

discloses that the lenses provide a non-linear distribution of image points relative to the field 

angle of the object points (see Artonne, Figure 15 and column 16, lines 1-4, which describe 

lenses forming an apodizer; and Fisher, Figure 6, which shows a set of lenses providing a non

linear distribution and thereby forming an apodizer). Further regarding claim 23, Fisher discloses 

that the set of lenses forming an apodizer comprises at least one aspherical lens ( e.g., lens 

element "a" having aspherical surface Rl and lens element "b" having aspherical surface R3' 

Figure 6; column 5, lines 61-68). 

Claim Rejections - 35 USC § 103 

10. The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

11. Claim 25 is rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over 

Nagaoka in view of Inoue. 
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Regarding claim 25, Nagaoka discloses a panoramic objective lens according to claim 17 

as discussed above, and further discloses a set of lenses forming an apodizer ( as recited in claim 

22, which is not subject to reexamination in this proceeding), at least in the sense that Nagaoka 

discloses that the lenses provide a non-linear distribution of image points relative to the field 

angle of the object points (see Artonne, Figure 15 and column 16, lines 1-4, which describe 

lenses forming an apodizer; and Nagaoka, Figure 2, which shows a set of lenses providing a non

linear distribution and thereby forming an apodizer). 

Further regarding claim 25, Nagaoka does not specifically disclose polymethacrylate 

lenses. However, Inoue teaches a lens system that is related to the one disclosed by Nagaoka 

including polymethacrylate lenses (i.e., "PMMA"; column 2, lines 42-44). It would have been 

obvious to one of ordinary skill in the art to include polymethacrylate lenses as taught by Inoue 

in the system disclosed by Nagaoka in order to advantageously reduce the size, weight, and costs 

of the lens materials (Inoue, column 1, lines 28-31; column 2, lines 42-44). 

12. Claim 25 is rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over Baker 

in view of Inoue. 

Regarding claim 25, Baker discloses a panoramic objective lens according to claim 17 as 

discussed above, and further discloses a set of lenses forming an apodizer ( as recited in claim 22, 

which is not subject to reexamination in this proceeding), at least in the sense that Baker 

discloses that the lenses provide a non-linear distribution of image points relative to the field 

angle of the object points (see Artonne, Figure 15 and column 16, lines 1-4, which describe 

lenses forming an apodizer; and Baker, Figures 3BA and 3BB, which shows a set of lenses 

providing a non-linear distribution and thereby forming an apodizer). 
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Further regarding claim 25, Baker does not specifically disclose polymethacrylate lenses. 

However, Inoue teaches a lens system that is related to the one disclosed by Baker including 

polymethacrylate lenses (i.e., "PMMA"; column 2, lines 42-44). It would have been obvious to 

one of ordinary skill in the art to include polymethacrylate lenses as taught by Inoue in the 

system disclosed by Baker in order to advantageously reduce the size, weight, and costs of the 

lens materials (Inoue, column 1, lines 28-31; column 2, lines 42-44). 

13. Claim 48 is rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over 

Nagaoka. 

Regarding claim 48, as similarly discussed above with respect to claim 17, N agaoka 

discloses a method for capturing a digital panoramic image, by projecting a panorama onto an 

image sensor by means of a panoramic objective lens ( e.g., onto CCD image sensor 30 by means 

of fisheye lens 1; Figure 2), 

the panoramic objective lens having an image point distribution function that is not linear 

relative to the field angle of object points of the panorama ( e.g., N agaoka discloses non-linear 

lenses with functions h=l.2f • tan (8/1.6) and h=l.6f • tan (8/2); Figures 3A-B' column 5, lines 

34-67; column 6, lines 1-13), 

the distribution function having a maximum divergence of at least +/-10% compared to a 

linear distribution function (e.g., the function h=l.2f • tan (8/1.6) diverges about 18% and the 

function h=l.6f • tan (8/2) diverges about 16% compared to a linear distribution function at 8 = 

45°), 

such that the panoramic image obtained has at least one expanded zone and at least one 

compressed zone (Figure 3B shows the functions h=l.2f • tan (8/1.6) and h=l.6f • tan (8/2) each 
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having a slope less than the linear distribution function between 0° and about 60° and a slope 

greater than the linear distribution function between about 60° and 90°, which correspond to an 

image with a compressed zone in the center and an a expanded zone near the periphery). 

Further regarding claim 48, Nagaoka does not specifically disclose that the objective lens 

has a non-linear distribution function that is not symmetrical relative to the optical axis of the 

objective lens. Instead, Nagaoka discloses a non- linear distribution function that is symmetrical 

relative to the optical axis of the objective lens. For example, the lenses having the functions 

h=l.2f • tan (8/1.6) and h=l.6f • tan (8/2) each have functions that are symmetrical relative to 

the optical axis (column 5, lines 34-67; column 6, lines 1-13; see Figures 3A-B and also Figures 

4A-D, which show symmetry relative to the optical axis for lenses with related non-linear 

distribution functions). However, as well as the claim may be understood with respect to 35 

U.S.C. 112, first paragraph, discussed above, the Artonne specification suggests that providing 

an objective lens having a non-linear distribution function that is asymmetrical instead of 

symmetrical would be accomplished by one of ordinary skill in the art without undue 

experimentation. In that case, it would have been obvious to one of ordinary skill in the art to 

include a non-linear distribution function that is not symmetrical relative to the optical axis of the 

objective lens in the system disclosed by Nagaoka in order to create a resulting image with 

compressed and expanded zones that do not include the entire center or entire periphery as 

desired by the user. The development of the lens with the asymmetrical function would have 

been obvious to try with a reasonable expectation of success. 

14. Claim 48 is rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over Baker. 
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Regarding claim 48, as similarly discussed above with respect to claim 17, Baker 

discloses a method for capturing a digital panoramic image, by projecting a panorama onto an 

image sensor by means of a panoramic objective lens (e.g., onto a CDD by means of the lens 

shown in Figure 3BA; column 13, lines 14-17) 

the panoramic objective lens having an image point distribution function that is not linear 

relative to the field angle of object points of the panorama (Figures 3BA and 3BB; column 12, 

lines 23-25), 

the distribution function having a maximum divergence of at least+/- 10% compared to a 

linear distribution function ( e.g., Baker discloses, compared to a linear distribution lens that 

would focus "the lowest 15 percent degrees from the horizon on ten percent of the imager," a 

non-linear lens that focuses that 15 degrees on "fifty percent of the imager" [column 6, lines 48-

56], which corresponds to a greater than 10% divergence of the image height at 75°), 

such that a panoramic image obtained by means of the objective lens comprises at least 

zone substantially expanded zone and at least one substantially compressed zone (i.e., Baker 

discloses that the periphery of the image is expanded and the center of the image is compressed; 

column 12, lines 29-32; see also Figure 3BB compared to the linear lens image in Figure 2B). 

Further regarding claim 48, Baker does not specifically disclose that the objective lens 

has a non-linear distribution function that is not symmetrical relative to the optical axis of the 

objective lens. Instead, Baker discloses a non- linear distribution function that is symmetrical 

relative to the optical axis of the objective lens (see Figure 3BB). However, as well as the claim 

may be understood with respect to 35 U.S.C. 112, first paragraph, discussed above, the Artonne 

specification suggests that providing an objective lens having a non-linear distribution function 
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that is asymmetrical instead of symmetrical would be accomplished by one of ordinary skill in 

the art without undue experimentation. In that case, it would have been obvious to one of 

ordinary skill in the art to include a non-linear distribution function that is not symmetrical 

relative to the optical axis of the objective lens in the system disclosed by Baker in order to 

create a resulting image with compressed and expanded zones that do not include the entire 

center or entire periphery as desired by the user. The development of the lens with the 

asymmetrical function would have been obvious to try with a reasonable expectation of success. 

15. Claim 48 is rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over Fisher. 

Regarding claim 48, as similarly discussed above with respect to claim 17, Fisher 

discloses a method for capturing a digital panoramic image, by projecting a panorama onto an 

image sensor by means of a panoramic objective lens (Figures 3 and 6; Abstract; column 3, lines 

48-49; column 4, lines 35-45), 

the panoramic objective lens having an image point distribution function that is not linear 

relative to the field angle of object points of the panorama (Figure 3; column 1, lines 9-11; 

column 2, lines 6-8), 

the distribution function having a maximum divergence of at least+/- 10% compared to a 

linear distribution function (Figure 3 shows the function labeled "Non-Linear Lens" 3, which is 

H=sin1138, having a divergence of greater than 10% compared to the linear distribution function of 

the "Fisheye Lens"), 

such that a panoramic image obtained by means of the objective lens comprises at least 

one substantially expanded zone and at least one substantially compressed zone (Fisher discloses 

that the center objects "occupy a disproportionately large share of the image cast by the lens 
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when compared with other objects closer to the periphery of the field of view for the lens"; 

column 3, lines 4-12; see also Figure 4, which compares the object space to the image plane). 

Further regarding claim 48, Fisher does not specifically disclose that the objective lens 

has a non-linear distribution function that is not symmetrical relative to the optical axis of the 

objective lens. Instead, Fisher discloses a non- linear distribution function that is symmetrical 

relative to the optical axis of the objective lens (Figure 4; column 3, lines 21-42). However, as 

well as the claim may be understood with respect to 35 U.S.C. 112, first paragraph, discussed 

above, the Artonne specification suggests that providing an objective lens having a non-linear 

distribution function that is asymmetrical instead of symmetrical would be accomplished by one 

of ordinary skill in the art without undue experimentation. In that case, it would have been 

obvious to one of ordinary skill in the art to include a non-linear distribution function that is not 

symmetrical relative to the optical axis of the objective lens in the system disclosed by Fisher in 

order to create a resulting image with compressed and expanded zones that do not include the 

entire center or entire periphery as desired by the user. The development of the lens with the 

asymmetrical function would have been obvious to try with a reasonable expectation of success. 

Patentable Claims 

16. Claims 10 and 11 are patentable. Claims 2-4, 15, 16, and 27-47 may contain patentable 

subject matter if amended to overcome the rejection under 35 U.S.C. 305 discussed above. 

17. Enami generally teaches an image distortion correction method including extracting 

color information through projection using the distribution function and assigning appropriate 

colors on the display (Figures 2-4; paragraphs [0072]-[0074], [0084], and [0085]). 
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18. Shiota and Matsui each generally teach correcting the non-linearity of an image captured 

by a lens (Shiota, Figure 1; paragraphs [0001], [00022], and [0028]-[0041]; Matsui, Figures 2-4 

and 6; Abstract and paragraph [0025]). 

19. However, the prior art ofrecord, including Nagaoka, Baker, Fisher, Shiota, Matsui, 

Enami, and Inoue, does not specifically disclose or fairly teach a method for capturing a digital 

panoramic image or a panoramic objective lens including all of the elements, steps, and 

limitations recited in claims 2-4, 10, 11, 15, 16, and 27-47 (including all of the limitations of any 

respective parent claims), particularly including 

correcting the non-linearity of the initial image, performed by means of a reciprocal 

function of the non-linear distribution function of the objective lens (e.g., claims 10 and 11); or 

displaying the obtained panoramic image by correcting the non-linearity of the initial 

image, performed by retrieving image points on the obtained image in a coordinate system of 

center O' using at least the non-linear distribution function and a size L of the obtained image 

(e.g., claims 2-4, 15, 16, and 27-31); 

or particularly wherein 

the panoramic image obtained by the objective lens is configured to be corrected by 

retrieving image points on the obtained image in a coordinate system of center O' using at least 

the non-linear distribution function, and a size L of the obtained image ( e.g., claims 32-37); or 

the panoramic image obtained has at least one expanded zone and at least two 

compressed zones (e.g., claims 38-47). 
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20. In order to ensure full consideration of any amendments, affidavits or declarations, or 

other documents as evidence of patentability, such documents must be submitted in response to 

this Office action. Submissions after the next Office action, which is intended to be a final 

action, will be governed by the requirements of 37 CPR 1.116, after final rejection and 37 CPR 

41.33 after appeal, which will be strictly enforced. 

21. Extensions of time under 37 CPR 1.136(a) will not be permitted in these proceedings 

because the provisions of 3 7 CFR 1.136 apply only to "an applicant" and not to parties in a 

reexamination proceeding. Additionally, 35 U.S.C. 305 requires that reexamination proceedings 

"will be conducted with special dispatch" (37 CPR 1.550(a)). Extension of time in ex parte 

reexamination proceedings are provided for in 37 CPR 1.550(c). 

22. The patent owner is reminded of the continuing responsibility under 37 CPR 1.565( a), to 

apprise the Office of any litigation activity, or other prior or concurrent proceeding, involving 

Patent No. 6,844,990 throughout the course of this reexamination proceeding. See MPEP §§ 

2207, 2282 and 2286. 

23. All correspondence relating to this ex parte reexamination proceeding should be directed: 

By mail to: 

By fax to: 

By hand to: 

Mail Stop Ex Parte Reexam 
Central Reexamination Unit 
Commissioner for Patents 
United States Patent & Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313-1450 

(571) 273-9900 
Central Reexamination Unit 

Customer Service Window 
Randolph Building 
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401 Dulany Street 
Alexandria, VA 22314 

Any inquiry concerning this communication should be directed to the Central 

Reexamination Unit at telephone number (571) 272-7705. 

/Christina Y. Leung/ 

Primary Examiner, Art Unit 3992 

Conferees: 

/D.M.H./, PE AU3992 

/JENNIFER MCNEIL/ 
Supervisory Patent Examiner, Art Unit 3992 
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Please find below and/or attached an Office communication concerning this application or proceeding. 
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Order Granting I Denying Request For 
Ex Parte Reexamination 

Control No. 

90/013,410 

Examiner 

Christina Y. Leung 

Patent Under Reexamination 

6844990 

Art Unit 

3992 

--The MAILING DA TE of this communication appears on the cover sheet with the correspondence address--

The request for ex parte reexamination filed 26 November 2014 has been considered and a determination 
has been made. An identification of the claims, the references relied upon, and the rationale supporting the 
determination are attached. 

Attachments: a)D PT0-892, b)~ PTO/SB/08, c)D Other: __ 

1. ~ The request for ex parte reexamination is GRANTED. 

RESPONSE TIMES ARE SET AS FOLLOWS: 

For Patent Owner's Statement (Optional): TWO MONTHS from the mailing date of this communication 
(37 CFR 1.530 (b)). EXTENSIONS OF TIME ARE GOVERNED BY 37 CFR 1.550(c). 

For Requester's Reply (optional): TWO MONTHS from the date of service of any timely filed 
Patent Owner's Statement (37 CFR 1.535). NO EXTENSION OF THIS TIME PERIOD IS PERMITTED. 
If Patent Owner does not file a timely statement under 37 CFR 1.530(b), then no reply by requester 
is permitted. 

2. D The request for ex parte reexamination is DENIED. 

This decision is not appealable (35 U.S.C. 303(c)). Requester may seek review by petition to the 
Commissioner under 37 CFR 1.181 within ONE MONTH from the mailing date of this communication (37 
CFR 1.515(c)). EXTENSION OF TIME TO FILE SUCH A PETITION UNDER 37 CFR 1.181 ARE 
AVAILABLE ONLY BY PETITION TO SUSPEND OR WAIVE THE REGULATIONS UNDER 
37CFR1.183. 

In due course, a refund under 37 CFR 1.26 ( c) will be made to requester: 

a) D by Treasury check or, 

b) D by credit to Deposit Account No. , or 

c) D by credit to a credit card account, unless otherwise notified (35 U.S.C. 303(c)). 

/Christina Y. Leung/ 

Primary Examiner, Art Unit 3992 

cc:Reauester ! if third oartv reauester) 
U.S. Patent and Trademark Office 

PTOL-471 (Rev. 08-06) Office Action in Ex Parte Reexamination Part of Paper No. 20141229 
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Application/Control Number: 90/013,410 

Art Unit: 3992 

DECISION GRANTING EX PARTE REEXAMINATION 

Decision on the Request 

The present request for ex parte reexamination raises a substantial new question of 

patentability with respect to claims 1-4, 6, 7, 10, 11, 15-20, 22, 23, and 25 of United States 

Patent 6,844,990 to Artonne. 

References Cited in the Request 

Nagaoka (US 6,128,145 A) 

Baker (US 5,686,957 A) 

Fisher (US 3,953,111 A) 

Shiota (EP 1 028 389 A2) 

Matsui (JP 2000-242773) 

Enami (JP Hll-261868) 

Inoue (US 6,031,670 A) 

Issues Raised by the Request 

Issue 1 

Page 2 

The request alleges that Nagaoka raises a substantially new question of patentability with 

respect to claims 1, 2, 4, 6, 17, 18, 20, and 22. 

Issue 2 

The request alleges that Baker raises a substantially new question of patentability with 

respect to claims 1, 2, 4, 6, 17, 18, 20, and 22. 

Issue 3 
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Art Unit: 3992 

Page 3 

The request alleges that Fisher raises a substantially new question of patentability with 

respect to claims 1-3, 6, 7, 17-19, 22, and 23. 

Issue 4 

The request alleges that N agaoka in view of Shiota raises a substantially new question of 

patentability with respect to claims 10 and 11. 

Issue 5 

The request alleges that Nagaoka in view of Matsui raises a substantially new question of 

patentability with respect to claim 10. 

Issue 6 

The request alleges that Baker in view of Shiota raises a substantially new question of 

patentability with respect to claims 10 and 11. 

Issue 7 

The request alleges that Nagaoka in view of Shiota and Enami raises a substantially new 

question of patentability with respect to claims 15 and 16. 

Issue 8 

The request alleges that Baker in view of Shiota and Enami raises a substantially new 

question of patentability with respect to claims 15 and 16. 

Issue 9 

The request alleges that Nagaoka in view of Inoue raises a substantially new question of 

patentability with respect to claim 25. 

Issue 10 
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Application/Control Number: 90/013,410 

Art Unit: 3992 

Page 4 

The request alleges that Baker in view of Inoue raises a substantially new question of 

patentability with respect to claim 25. 

Scope of Reexamination 

Since the requester did not request reexamination of claims 5, 8, 9, 12-14, 21, 24, and 26, 

and did not assert the existence of a substantial new question of patentability for those claims 

(see 35 U.S.C. § 31 l(b)(2); see also 37 CPR 1.915b and 1.923), those claims will not be 

reexamined. This matter was squarely addressed in Sony Computer Entertainment America lnc., 

et al. v. Jon W. Dudas, 85 USPQ2d 1594 (E.D. Va 2006). The District Court upheld the Office's 

discretion to not reexamine claims in an inter partes reexamination proceeding other than those 

claims for which reexamination had been specifically requested. The Court stated: 

"To be sure, a party may seek, and the PTO may grant, inter partes review of each and 

every claim of a patent. Moreover, while the PTO in its discretion may review claims for which 

inter partes review was not requested, nothing in the statute compels it to do so. To ensure that 

the PTO considers a claim for inter part es review, § 311 (b )(2) requires that the party seeking 

reexamination demonstrate why the PTO should reexamine each and every claim for which it 

seeks review. Here, it is undisputed that Sony did not seek review of every claim under the '213 

and '333 patents. Accordingly, Sony cannot now claim that the PTO wrongly failed to reexamine 

claims for which Sony never requested review, and its argument that AIPA compels a contrary 

result is unpersuasive." 

The Sony decision's reasoning and statutory interpretation apply analogously to ex parte 

reexamination, as the same relevant statutory language applies to both inter partes and ex parte 

reexamination. 35 U.S.C. § 302 provides that the ex parte reexamination "request must set forth 
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Art Unit: 3992 

Page 5 

the pertinency and manner of applying cited prior art to every claim for which reexamination is 

requested" (emphasis added), and 35 U.S.C. § 303 provides that "the Director will determine 

whether a substantial new question of patentability affecting any claim of the patent concerned is 

raised by the request" (emphasis added). These provisions are analogous to the language of 35 

U.S.C. § 31 l(b)(2) and 35 U.S.C. § 312 applied and construed in Sony, and would be construed 

in the same manner. As the Director can decline to reexamine non-requested claims in an inter 

partes reexamination proceeding, the Director can likewise do so in ex parte reexamination 

proceeding. See Notice of Clarification of Office Policy To Exercise Discretion in Reexamining 

Fewer Than All the Patent Claims (signed Oct. 5, 2006) 1311 OG 197 (Oct. 31, 2006). See also 

MPEP § 2240, Rev. 5, Aug. 2006. 

The Artonne Patent 

Artonne is generally directed to a method for capturing a digital panoramic image. Claim 

1 is representative: 

1. A method for capturing a digital panoramic image, by projecting a panorama onto an 

image sensor by means of a panoramic objective lens, the panoramic objective lens having an 

image point distribution function that is not linear relative to the field angle of object points of 

the panorama, the distribution function having a maximum divergence of at least +/-10% 

compared to a linear distribution function, such that the panoramic image obtained has at least 

one substantially expanded zone and at least one substantially compressed zone. 

Prosecution History 

Artonne issued 18 January 2005 from application 10/706,513 filed 12 November 2003, 

which claims priority to application PCT/FR02/01588 filed on 10 May 2002. 
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Art Unit: 3992 

12 November 2003: Applicant filed claims 1-26. 

14 September 2004: Examiner allowed claims 1-26, noting that 

Page 6 

"The prior art fails to teach a combination of all the claimed features as presented, for 

example, in independent claims 1 and 17, which include a panoramic objective lens having an 

image point distribution function that is not linear relative to the field angle of object points of 

the panorama, the distribution function having a maximum divergence of at least +/-10% 

compared to a linear distribution function, such that the panoramic image obtained has at least 

one substantially expanded zone and at least on substantially compressed zone." 

Detailed Analysis 

Claims 1-4, 6, 7, 10, 11, 15-20, 22, 23, and 25 will be reexamined. 

In view of the prosecution history, a substantial new question of patentability is raised by 

the evaluation of a prior art reference ( or a combination of prior art references) that teaches a 

panoramic objective lens having an image point distribution function that is not linear relative to 

the field angle of object points of the panorama, the distribution function having a maximum 

divergence of at least +/-10% compared to a linear distribution function, such that the panoramic 

image obtained has at least one substantially expanded zone and at least on substantially 

compressed zone 

Issues 1, 4, 5, 7, and 9 

The request alleges that Nagaoka alone or in view of Shiota, Matsui, Enami, and/or Inoue 

raise substantially new questions of patentability with respect to claims 1, 2, 4, 6, 10, 11, 15-18, 

20, 22, and 25. 
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Art Unit: 3992 

Page 7 

Nagaoka, in the form of European equivalent patent EP 1 004 915 Al, was previously 

cited in an Information Disclosure Statement (IDS) during the prosecution of Artonne. However, 

the teachings of N agaoka were not discussed on the record by the Examiner or the applicant. 

Shiota, Matsui, Enami, and Inoue were not previously cited and are new prior art. 

The request provides new view of N agaoka by alleging that N agaoka generally teaches a 

panoramic objective lens (Figure 2) having an image point distribution function that is not linear 

relative to the field angle of object points of the panorama, the distribution function having a 

maximum divergence of at least +/-10% compared to a linear distribution function, such that the 

panoramic image obtained has at least one substantially expanded zone and at least on 

substantially compressed zone (e.g., lenses having functions h = 1.2f • tan(8/1.6) or 1.6f 

• tan(8/2). See Figures 3A-B. 

Since this teaching is directly related to subject matter considered the basis for 

allowability of claims 1, 2, 4, 6, 10, 11, 15-18, 20, 22, and 25, a reasonable examiner would 

consider evaluation of this new view of N agaoka important in determining the patentability of 

the claims. Therefore, Nagaoka as discussed on the record by the request, alone or in view of 

Shiota, Matsui, Enami, and/or Inoue, raises a substantial new question of patentability with 

respect to claims 1, 2, 4, 6, 10, 11, 15-18, 20, 22, and 25. 

Issues 2, 6, 8, and 10 

The request alleges that Baker alone or in view of Shiota, Enami, and/or Inoue raises 

substantially new questions of patentability with respect to claims 1, 2, 4, 6, 10, 11, 15-18, 20, 

22, and 25. 
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Art Unit: 3992 

Page 8 

Baker, in the form of European equivalent patent EP 0695 085 Al, was previously cited 

in an IDS during the prosecution of Artonne. However, the teachings of Baker were not 

discussed on the record. Shiota, Enami, and Inoue were not previously cited and are new prior 

art. 

The request provides new view of Baker by alleging that Baker generally teaches a 

panoramic objective lens having an image point distribution function that is not linear relative to 

the field angle of object points of the panorama (Figures 3BA and 3BB), the distribution function 

having a maximum divergence of at least +/-10% compared to a linear distribution function, such 

that the panoramic image obtained has at least one substantially expanded zone and at least on 

substantially compressed zone (column 6, lines 48-56; and column 12, lines 29-32). 

Since this teaching is directly related to subject matter considered the basis for 

allowability of claims 1, 2, 4, 6, 10, 11, 15-18, 20, 22, and 25, a reasonable examiner would 

consider evaluation of this new view of Baker important in determining the patentability of the 

claims. Therefore, Baker as discussed on the record by the request, alone or in view of Shiota, 

Matsui, Enami, and/or Inoue, raises a substantial new question of patentability with respect to 

claims 1, 2, 4, 6, 10, 11, 15-18, 20, 22, and 25. 

Issue 3 

The request alleges that Fisher raises substantially new questions of patentability with 

respect to claims 1-3, 6, 7, 17-19, 22, and 23. 

Fisher was previously cited in an IDS during the prosecution of Artonne. However, the 

teachings of Fisher were not discussed on the record. The request provides new view of Fisher 

by alleging that Fisher generally teaches a panoramic objective lens (Figures 3 and 6) having an 
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image point distribution function that is not linear relative to the field angle of object points of 

the panorama, the distribution function having a maximum divergence of at least +/-10% 

compared to a linear distribution function ( e.g., the function labeled "Non-Linear Lens" in Figure 

3, which is H=sin1138), such that the panoramic image obtained has at least one substantially 

expanded zone and at least on substantially compressed zone ( column 3, lines 4-12). 

Since this teaching is directly related to subject matter considered the basis for 

allowability of claims 1-3, 6, 7, 17-19, 22, and 23, a reasonable examiner would consider 

evaluation of this new view of Fisher important in determining the patentability of the claims. 

Therefore, Fisher raises a substantial new question of patentability with respect to claims 1-3, 6, 

7, 17-19, 22, and 23. 

Conclusion 

Extensions of time under 37 CFR 1.136( a) will not be permitted in these proceedings 

because the provisions of 37 CFR 1.136 apply only to "an applicant" and not to parties in a 

reexamination proceeding. Additionally, 35 U.S.C. 305 requires that ex parte reexamination 

proceedings "will be conducted with special dispatch" (37 CFR l.550(a)). Extensions of time in 

ex parte reexamination proceedings are provided for in 37 CFR l.550(c). 

The patent owner is reminded of the continuing responsibility under 37 CFR 1.565( a) to 

apprise the Office of any litigation activity, or other prior or concurrent proceeding, involving 

Patent No. 6,844,990 throughout the course of this reexamination proceeding. See MPEP §§ 

2207, 2282 and 2286. 

All correspondence relating to this ex parte reexamination proceeding should be directed: 

By mail to: Mail Stop Ex Parte Reexam 
Central Reexamination Unit 
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By fax to: 

By hand to: 

Commissioner for Patents 
United States Patent & Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313-1450 

(571) 273-9900 
Central Reexamination Unit 

Customer Service Window 
Randolph Building 
401 Dulany Street 
Alexandria, VA 22314 

Any inquiry concerning this communication should be directed to the Central 

Reexamination Unit at telephone number (571) 272-7705. 

/Christina Y. Leung/ 

Primary Examiner, Art Unit 3992 

Conferees: 

/D.M.H./, PE AU3992 

/SUDHANSHU PATHAK/ 
Supervisory Patent Examiner, Art Unit 3992 

Page 10 
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Order Granting I Denying Request For 
Ex Parte Reexamination 

Control No. 

90/013,410 

Examiner 

Christina Y. Leung 

Patent Under Reexamination 

6844990 

Art Unit 

3992 

--The MAILING DA TE of this communication appears on the cover sheet with the correspondence address--

The request for ex parte reexamination filed 26 November 2014 has been considered and a determination 
has been made. An identification of the claims, the references relied upon, and the rationale supporting the 
determination are attached. 

Attachments: a)D PT0-892, b)~ PTO/SB/08, c)D Other: __ 

1. ~ The request for ex parte reexamination is GRANTED. 

RESPONSE TIMES ARE SET AS FOLLOWS: 

For Patent Owner's Statement (Optional): TWO MONTHS from the mailing date of this communication 
(37 CFR 1.530 (b)). EXTENSIONS OF TIME ARE GOVERNED BY 37 CFR 1.550(c). 

For Requester's Reply (optional): TWO MONTHS from the date of service of any timely filed 
Patent Owner's Statement (37 CFR 1.535). NO EXTENSION OF THIS TIME PERIOD IS PERMITTED. 
If Patent Owner does not file a timely statement under 37 CFR 1.530(b), then no reply by requester 
is permitted. 

2. D The request for ex parte reexamination is DENIED. 

This decision is not appealable (35 U.S.C. 303(c)). Requester may seek review by petition to the 
Commissioner under 37 CFR 1.181 within ONE MONTH from the mailing date of this communication (37 
CFR 1.515(c)). EXTENSION OF TIME TO FILE SUCH A PETITION UNDER 37 CFR 1.181 ARE 
AVAILABLE ONLY BY PETITION TO SUSPEND OR WAIVE THE REGULATIONS UNDER 
37CFR1.183. 

In due course, a refund under 37 CFR 1.26 ( c) will be made to requester: 

a) D by Treasury check or, 

b) D by credit to Deposit Account No. , or 

c) D by credit to a credit card account, unless otherwise notified (35 U.S.C. 303(c)). 

/Christina Y. Leung/ 

Primary Examiner, Art Unit 3992 

cc:Reauester ! if third oartv reauester) 
U.S. Patent and Trademark Office 

PTOL-471 (Rev. 08-06) Office Action in Ex Parte Reexamination Part of Paper No. 20141229 
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Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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Application Number 90013410 

Filing Date 2014-11-26 
INFORMATION DISCLOSURE First Named Inventor I Jean-Claude ARTONNE 
STATEMENT BY APPLICANT 

Art Unit 3992 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Christina Y. Leung 

Attorney Docket Number 688266-21 RX 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e)(1 ). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

D See attached certification statement. 

D The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

~ A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Stephen E. Murray/ Date (YYYY-MM-DD) 2015-01-09 

Name/Print Stephen E. Murray Registration Number 63206 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Attorney Docket No.: 688266-21RX 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent of: 
Jean-Claude ARTONNE et al. 

Reexamination Control No.: 90/013,410 

Filing Date: November 26, 2014 

For: METHOD FOR CAPTURING AND 
DISPLAYING AV ARIABLE RESOLUTION 
DIGIT AL PANORAMIC IMAGE 

Patent No.: 6,844,990 B2 

Art Unit 3992 

Conf. No.: 4682 

Examiner Christina Y. Leung 

INFORMATION DISCLOSURE STATEMENT {IDS) UNDER37 C.F.R. § 1.555 

Enclosed is an Information Disclosure Citation Form PTO/SB/08A and/or 08B in 

accordance with 37 C.F.R. § 1.98 listing all patents, publications, applications, and/or other 

information being submitted for consideration which may be material to this reexamination 

proceeding and/or for which there may be a duty to disclose in accordance with 3 7 C.F.R. § 1.56. 

In accordance with M.P.E.P. § 2280, this Information Disclosure Statement is being filed 

within two months of the date of the order for reexamination. 

The enclosed reference is an excerpt from the second edition of "Applied Photographic 

Optics" that is directed to design development and features of a "fisheye" lens. 

The filing of this Information Disclosure Statement shall not be construed as an 

admission that any of the listed documents constitutes prior art, nor as an admission against 

interest in any manner. 

No fee is believed to be due in connection with the filing of this Information Disclosure 

Statement. However, if any fee is due, please charge the fee to Deposit Account No. 50-1017. 
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Reexamination Control No.: 90/013,410 Docket No.: 688266-21RX 

It is respectfully requested that this Information Disclosure Statement and the document 

listed on the attached Form PTO/SB/08A and/or 08B and attached herewith be considered and 

acknowledged by the Examiner in connection with the above-identified reexamination, be made 

of record therein, and that the listed document be cited in reexamination certificate. 

Dated: January 9, 2015 Respectfully submitted, 

By /Stephen E. Murray/ 
Stephen E. Murray 
Registration No.: 63,206 
PANITCH SCHWARZE BELISARIO & NADEL LLP 
One Commerce Square 
2005 Market Street, Suite 2200 
Philadelphia, Pennsylvania 19103 
(215) 965-1307 
(215) 965-1331 (Fax) 
smurray@panitchlaw.com (E-Mail) 

2 
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Electronic Acknowledgement Receipt 

EFSID: 21170689 

Application Number: 90013410 

International Application Number: 

Confirmation Number: 4682 

Title of Invention: 
METHOD FOR CAPTURING AND DISPLAYING A VARIABLE RESOLUTION 
DIGITAL PANORAMIC IMAGE 

First Named Inventor/Applicant Name: 6844990 

Customer Number: 570 

Filer: Stephen Murray/Kathy Higgins 

Filer Authorized By: Stephen Murray 

Attorney Docket Number: 688266-21 RX 

Receipt Date: 09-JAN-2015 

Filing Date: 26-NOV-2014 

Time Stamp: 16:09:42 

Application Type: Reexam (Patent Owner) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

311990 

1 Non Patent Literature 
Applied_Photographic_Optics_ 

no 6 
-_Sidney_F _Ray.PDF 

d 90f60cb0f369bcb2e 7 d 6002b 177 3 544 2a5 
bdf6c 

Warnings: 

Information: 
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612225 

2 
Information Disclosure Statement (IDS) lnformation_Disclosure_State 

4 
Form (SB08) ment_Fillable_PDF.PDF 

no 
264e88a0cdc5d8200b383629df7 eeb 1165c 

a8890 

Warnings: 

Information: 

A U.S. Patent Number Citation or a U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form for 
autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Message if 
you are citing U.S. References. If you chose not to include U.S. References, the image of the form will be processed and be made available 
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent 
Documents or Non Patent Literature will be manually reviewed and keyed into USPTO systems. 

453506 

3 Transmittal Letter 00694035.PDF no 2 
36ca8ad97ddca53ef28bf50024e68ef6a909 

65af 

Warnings: 

Information: 

Total Files Size (in bytes) 1377721 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PATENT AND TRADEMARK. OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

90/013,410 11/26/2014 

570 7590 12/19/2014 

PANITCH SCHWARZE BELISARIO & NADEL LLP 
ONE COMMERCE SQUARE 
2005 MARKET STREET, SUITE 2200 
PHILADELPHIA, PA 19103 

6844990 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
,Alexandria, Virginin 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

688266-21 RX 4682 

EXAMINER 

LEUNG, CHRISTINA Y 

ART UNIT PAPER NUMBER 

3992 

MAIL DATE DELIVERY MODE 

12/19/2014 PAPER 

Please fin~ below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 
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Ex Parle Reexamination Interview 
Summary- Pilot Program for Waiver of 

Patent Owner's Statement 

Control No .. 

90/013,410 
Examiner 

Christina Leungl 

Patent For Which Reexamination 
is Requested 
6844990 
Art Unit 

3992 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address. --

All participants (USPTO official and patent owner): 

(1) Tredelle D. Jackson 

(2) MURRAY, STEPHEN 63206 

Date of Telephonic Interview: 12/09/14. 

(3) 

(4) 

The USPTO official requested waiver of the patent owner's statement pursuant to the pilot program for waiver of 
patent owner's statement in ex parte reexamination proceedings.* 

12:1 The patent owner agreed to waive its right to file a patent owner's statement under 35 U.S.C. 304 in the event 
reexamination. is ordered for the above-identified patent. 

D The patent owner did not agree to waive its right to file a patent owner's statement under 35 U.S.C. 304 at this 
time. 

The patent owner is not required to file a written statement of this telephone communication under 37 CFR 1.560(b) or 
otherwise. However, any disagreement as to this interview summary must be brought to the immediate attention of 
the USPTO, and no later than one month from the mailing date of this interview summary. Extensions of time are 
governed by 37 CFR 1.550(c). 

*For more information regarding this pilot program, see Pilot Program for Waiver of Patent Owner's Statement in Ex 
Parle Reexamination Proceedings, 75 Fed. Reg. 47269 (August 5, 2010), available on the USPTO Web site at 
http://www. uspto.gov/patents/law/notices/2010 .jsp. 

0 USPTO personnel were unable to reach the patent owner. 

The patent owner may contact the USPTO personnel at the telephone number provided below if the patent owner 
decides to waive the right to file a patent owner's statement under 35 U.S.C. 304. 

/Tredelle. D. Jackson/ 571-272-2783 
Signature and telephone number of the USPTO official .who contacted or attempted to contact the patent owner. 

cc: Requester (if third party requester) 

U.S. Patent and Trademark Office Paper No. 
PTOL-2292 (08-10) Ex Pa rte Reexamination lnte,view·summary- Pilot Program for Waiver of Patent Owner's Statement LGE Exhibit 1003 
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Litigation Search Report CRU 3999 
l<"' i! ,, . 

Reexam Control No. 90Uf13,41~@ 
,, It r 

TO: Examiner 
Location: CRU 
Art Unit: 3992 
Date: 12/04/14 
Case Serial Number: 90/013,410 

d:r •t'f'""~ ~ 

Search Notes ~ , lI'~1 ·· · ''<~IM 
~ , , , ~iw 

From: Tredelle Jackson 
Location: CRU 3999 
MDE 4821 
Phone: (571) 272-2783 
Tredelle.Jackson@uspto.gov 

Litigation Search for U.S. Patent Number 6,844,990. 

Sources: 

Status (OPEN) IPR2014-01438 Panasonic System Networks Co., Ltd. Vs. 6115187 CANADA INC. 
Status (CLOSED) 1:13cv1139 Immervision Inc. V. Che Co. Ltd. Et Al 
Status (CLOSED) 2:13cvlll 7 Immervision, Inc. V. Vivotek, Inc. 

1) I performed a KeyCite Search in Westlaw, which retrieves all history on the patent including any 
litigation. 

2) I performed a search on the patent in Lexis CourtLink for any open dockets or closed cases. 

3) I performed a search in Lexis in the Federal Courts and Administrative Materials databases for any cases 
found. , · 

4) I performed a search in Lexis in the IP Journal and Periodicals database for any articles on the patent. 

5) I performed a search in Lexis in the news databases for any articles about the patent or any articles about 
litigation on this patent. 
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Westl~w. 

Date of Printing: Dec 04, 2014 

KEYCITE 

C US PAT 6844990 METHOD FOR CAPTURING AND D.ISPLAYING A VARIABLE RESOLUTION 
DIGITAL PANORAMIC IMAGE, Assignee: 6115187 Canada Inc. (Jan 18, 2005) 

History 

Direct History 

=> I METHOD FOR CAPTURING AND DISPLAYING A VARIABLE RESOLUTION DIG IT-
AL PANORAMIC IMAGE, US PAT 6844990, 2005 WL 109751 (U.S. PTO Utility Jan 18, 
2005) 

Patent Family 
2 PANORAMIC DIGITAL IMAGE PROCESSING SYSTEM USES WIDE ANGLE LENS 

.CAUSING IMAGE DISTORTION, AND DIGITAL PROCESSING COUNTERACTING DIS
TORTION, Derwent World Patents Legal 2003-148422 

Patent Status Files 
.. AJA Trial Proceedings Filed before The Patent Trial and Appeal Board, (OG DA TE: Oct 28, 

2014) 
.. Patent Suit(See LitAlert Entries), 
.. Patent Suit(See LitAlert Entries), 
.. Certificate of Correction, (OG DA TE: Jun 14, 2005) 

Docket Summaries 
7 IMMERVISION INC. v. CBC CO. LTD. ET AL, (D.DEL. Jun 25, 2013) (NO. I: 13CVOl 139), 

(35 USC 271 PATENT INFRINGEMENT) 
8 IMMERVISION, INC. v. VIVOTEK, INC. ET AL, (D.NEV. Jun 25, 2013) (NO. 2:13CV01 l 17), 

(35 USC 145 PATENT INFRINGEMENT) 

Litigation Alert 
9 Derwent LitAlert P2013-35-0I (Jun 25, 2013) Action Taken: NOTICE TO COUNSEL PURSU

ANT TO LOCAL RULE IA I 0-2 COUNSEL FREDERICK A TECCE, JOHN D. SIMMONS, 
STEPHEN E MURRAY TO COMPLY WITH COMPLETION AND ELECTRONIC FILING OF 
THE DESIGNATION OF LOCAL COUNSEL AND VERIFIED PETITION 

IO Derwent LitAlert P2013-26-137 (Jun 25, 2013) Action Taken: CAUSE· 35 USC 271 - COM
PLAINT FOR PATENT INFRINGEMENT 

11 Derwent LitAlert P2013-26-140 (Jun 25, 2013) Action Taken: CAUSE· 35 USC 145 • COM-

© 2014 Thomson Reuters. All rights reserved. 
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PLAfNT FOR PATENT fNFRfNGEMENT 

Prior Art (Coverage Begins 1976) 

C 12 DEFORMABLE MIRROR, US PAT 5880896Assignee: Sharp Kabushiki Kaisha, (U.S. PTO 
Utility 1999) 

C 13 INNOVATIVE DEFORMABLE MIRROR ACTUATOR CONFIGURATION, US PAT 
5745278Assignee: Raytheon Optical Syste_ms, Inc., (U.S. PTO Utility 1998) 

C 14 INTEGRATED PANORAMIC AND HIGH RESOLUTION SENSOR OPTICS, US PAT 
5710661Assignee: Hughes Electronics, (U.S. PTO Utility 1998) 

C 15 NON-LINEAR LENS, US PAT 395311 IAssignee: McDonnell Douglas Corporation, (U.S. PTO 
Utility 1976) 

C 16 OMNIRAMIC OPTICAL SYSTEM HA VINO CENTRAL COVERAGE MEANS WHICH IS 
ASSOCIATED WITH A CAMERA, PROJECTOR, OR SIMILAR ARTICLE, US PAT 6333826 
(U.S. PTO Utility 2001) 

C 17 SOLID CAT ADIOPTRIC OMNIDIRECTIONAL OPTICAL SYSTEM HA VfNG CENTRAL 
COVERAGE MEANS WHICH IS ASSOCIATED WITH A CAMERA, PROJECTOR, MEDIC
AL rNSTRUMENT, OR SIMILAR ARTICLE, US PAT 6449103 (U.S. PTO Utility 2002) 

C 18 WIDE-ANGLE LENS, US PAT 6031670Assignee: Sankyo Seiki Mfg. Co., Ltd., (U.S. PTO Util-
ity 2000) 

© 2014 Thomson Reuters. All rights reserved. 
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United States Patent Trial and Appeals Board 

US Patent Trial and Appeals Board - Alexandria 

(Alexandria) 

IPR2014-01438 

Panasonic System Networks Co., Ltd. Vs. 6115187 CANADA INC. 

This case was retrieved from the court on Wednesday, November 12, 2014 

Litigants 

Header 

Case Number: IPR2014-01438 

Date Filed: 09/03/2014 

Date .Full Case Retrieved: 11/12/2014 
Status: Open 

Misc: Civil 

[summary] [Participants] [Proceedings] 

Summary 

Court Case Status: Pending 

Case Type: IPR: Inter partes review 

Technical Center Number: 2800 

Patent Application Number: 10706513 

Patent Number: 6844990 

Participants 

Panasonic System Networks Co., Ltd. 

Petitioner 

6115187 Canada Inc. 

PatentOwner 

File Date Details 

09/03/2014 Power of Attorney 

09/03/2014 IPR Petition 

09/03/2014 U.S. Patent No. 6,844,990 

09/03/2014 U.S. Patent No. 5,686,957 

09/03/2014 U.S. Patent No. 6,128,145 

Proceedings 

Document Type PagerlExhibit 
No. 

Power of Attorney 1 

Petition 2 

Exhibit 1001 

Exhibit 1002 

Exhibit 1003 

Filed By 

Petitioner 

Petitioner 

Petitioner 

Petitioner 

Petitioner 

Public? 

Yes 

Yes 

Yes 

Yes 

Yes 
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09/03/2014 U.S. Patent No. 3,953,111 Exhibit 1004 Petitioner 

09/03/2014 Ep 1386480 Bl Exhibit 1005 Petitioner 

09/03/2014 EP 1386480 Bl Amendment Exhibit 1006 Petitioner 
of May 6, 2010 

09/03/2014 U.S. Patent No. 6,031,670 Exhibit 1007 Petitioner 

09/03/2014 European Patent Publication Exhibit 1008 Petitioner 
EP 1 028 389 A2 

09/03/2Q14 Japanese Patent Publication Exhibit 1009 Petitioner 
P2000-242773A 

09/03/2014 English translation of Matsui Exhibit 1010 Petitioner 
with verification 

09/03/2014 Japanese Unexamined Exhibit 1011 Petitioner 
Patent Application 
Publication 11-:261868 

09/03/2014 English translation of Enami Exhibit 1012 Petitioner 

09/03/2014 Declaration of Jack Exhibit 1013 Petitioner 
Feinberg, Ph.D. 

09/03/2014 Declaration of Shishir K: Exhibit 1014 Petitioner 
Shah, Ph.D. 

09/11/2014 Notice of Filing Date Notice of Filing Date 3 Board 
Accorded to Petition and Accorded to Petition 
Defective Petition 

09/16/2014 Response to Notice Reply 4 Petitioner 

09/16/2014 Amended Petition Reply S· Petitioner 

09/23/2014 Notice of Accepting Notice 6 Board 
Corrected Petition 

09/24/2014 Power of Attorney Power of Attorney 7 Potential 
Patent Owner 

09/24/2014 Related Matters Notice 8 Potential 
Patent Owner 

Copyright© 2014 LexisNexis Courtlink, Inc. All rights reserved. 
*** THIS DATA IS FOR INFORMATIONAL PURPOSES ONLY*** 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 
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US District Court Civil Docket 

U.S. District - Delaware 

(Wilmington) 

1:13cv1139 

Immervision Inc. v. Cbc Co. Ltd. et al 

This case was retrieved from the court on Friday, August 16, 2013 

Date Filed: 06/25/2013 

Assigned To: Judge Sue L. Robinson 
Referred To: Judge Sherry R. Fallon 

Nature of suit: Patent (830) 
Cause: Patent Infringement 

lead Docket: None 

Other Docket: None 
None 
None 
None 
None-

Jurisdiction: Federal Question 

Immervision Inc. 
[Term: 03/11/2014) 
Plaintiff 

Litigants 

Class Code: CLOSED 

Closed: 08/05/2014 
Statute: 35:271 

Jury Demand: Plaintiff 
Demand Amount: $0 

NOS Description: Patent 

Attorneys 

Joseph James Farnan , III 
LEAD ATIORNEY;ATIORNEY TO BE NOTICED 
[Term: 03/11/2014) 
Farnan LLP 
919 North Market Street 12th Floor 
Wilmington , DE 19801 
USA 
(302) 777-0300 
Fax: (302) 777-0301 
Email :Jjfarnan@farnanlaw .Com 

Brian E. Farnan 
ATIORNEY TO BE NOTICED 
[Term: 03/11/2014) 
Farnan LLP 
919 North Market Street 12th Floor 
Wilmington, DE 19801 
USA 
(302) 777-0300 
Fax: (302) 777-0301 
Email: Bfarnan@farnanlaw .Com 

Dennis J. Butler 
PRO HAC VICE;ATIORNEY TO BE NOTICED 
[Term: 03/11/2014) 

Email: Dbutler@panitchlaw .Com 
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6115187 Canada Inc. 
doing business as 
ImmerVision Inc. 
Plaintiff 

Frederick Teece 
PRO HAC VICE;ATTORNEY TO BE NOTICED 
[Term: 03/11/2014] 

Email: Ftecce@panitchlaw .Com 

John D. Simmons 
PRO HAC VICE;ATTORNEY TO BE NOTICED 
[Term: 03/11/2014] 

Email:Jsimmons@panitchlaw.Com 

Michael J. Farnan 
ATTORNEY TO BE NOTICED 
[Term: 03/11/2014] 
Farnan LLP 
919 North Market Street 12th Floor 
Wilmington , DE 19801 
USA 
302-777-0338 
Fax: 302-421-5870 

· Email:Mfarnan@farnanlaw.Com 

Joseph James Farnan , III 
LEAD ATTORNEY;ATTORNEY TO BE NOTICED 
Farnan LLP 
919 North Market Street 12th Floor 
Wilmington , DE 19801 
USA 
(302) 777-0300 
Fax: (302) 777-0301 
Email :Jjfarnan@farnanlaw .Com 

Brian E. Farnan 
ATTORNEY TO BE NOTICED 
Farnan LLP 
919 North Market Street 12th Floor 
Wilmington , DE 19801 
USA 
(302) 777-0300 
Fax: (302) 777-0301 
Email: Bfarnan@farnanlaw .Com 

Dennis J. Butler 
PRO HAC VICE;ATTORNEY TO BE NOTICED 

Email: Dbutler@panitchlaw .Com 

Frederick Teece . 
PRO HAC VICE;ATTORNEY TO BE NOTICED 

Email: Ftecce@panitchlaw .Com 

John D. Simmons 
PRO HAC VICE;ATTORNEY TO BE NOTICED 

Email :Jsimmons@panitchlaw .Com 

Michael J. Farnan 
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Cbc Co. Ltd. 
Defendant 

Cbc (America) Corporation 
Defendant 

6115187 Canada Inc. 
doing business as 
ImmerVision Inc. 
Counter Defendant 

Cbc (America) Corporation 
Counter Claimant 

ATTORNEY TO BE NOTICED 
Farnan LLP 
919 North Market Street 12th Floor 
Wilmington , DE 19801 
USA 
302-777-0338 
Fax: 302-421-5870 
Email: Mfarnan@farnanlaw .Com 

Melanie K. Sharp 
LEAD ATTORNEY;ATTORNEY TO BE NOTICED 
Young, Conaway, Stargatt & Taylor LLP 
Rodney Square 1000 North King Street 
Wilmington, DE 19801 
USA 
(302) 571-6681 
Fax: (302) 571-1253 
Email: Msharp@ycst.Com 

Samantha G. Wilson 
ATTORNEY TO BE NOTICED 
Young, Conaway, Stargatt & Taylor LLP 
Rodney Square 1000 North King Street 
Wilmington, DE 19801 
USA 
302-571-5018 
Email: Swilson@ycst.Com 

Melanie K. Sharp 
LEAD ATTORNEY;ATTORNEY TO BE NOTICED 
Young, Conaway, Stargatt & Taylor LLP 
Rodney Square 1000 North King Street 
Wilmington,· DE 19801 
USA 
(302) 571-6681 
Fax: (302) 571-1253 
Email: Msharp@ycst.Com 

Samantha G. Wilson 
ATTORNEY TO BE NOTICED 
Young, Conaway, Stargatt & Taylor.LLP 
Rodney Square 1000 North King Street 
Wilmington, DE 19801 
USA 
302-571-5018 
Email: Swi lson@ycst. Com 

Melanie K. Sharp 
LEAD ATTORNEY;ATTORNEY TO BE NOTICED 
Young, Conaway, Stargatt & Taylor LLP 
Rodney Square 1000 North King Street 
Wilmington, DE 19801 
USA 
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Cbc Co. Ltd. 
Counter Claimant 

Immervision Inc. 
[Term: 03/11/2014] 
Counter Defendant 

(302) 571-6681 
Fax: (302) 571-1253 
Email: Msharp@ycst.Com 

Samantha G. Wilson 
ATIORNEY TO BE NOTICED 
Young, Conaway, Stargatt & Taylor LLP 
Rodney Square 1000 North King Street 
Wilmington, DE 19801 
USA 
302-571-5018 
Email :Swilson@ycst.Com 

Melanie K. Sharp 
LEAD ATIORNEY;ATIORNEY TO BE NOTICED 
Young, Conaway, Stargatt & Taylor LLP 
Rodney Square 1000 North King Street 
Wilmington , DE 19801 
USA 
(302) 571-6681 
Fax: (302) 571-1253 
Email: Msharp@ycst.Com 

Samantha G. Wilson 
ATIORNEY TO BE NOTICED 
Young, Conaway, Stargatt & Taylor LLP 
Rodney Square 1000 North King Street 
Wilmington, DE 19801 
USA 
302-571-5018 
Email: Swilson@ycst.Com 

Joseph James Farnan , III 
LEAD ATIORNEY;ATIORNEY TO BE NOTICED 
[Term: 03/11/2014] 
Farnan LLP 
919 North Market Street 12th Floor 
Wilmington , DE 19801 
USA 
(302) 777-0300 
Fax: (302) 777-0301 
Email:Jjfarnan@farnanlaw.Com 

Brian E. Farnan 
ATIORNEY TO BE NOTICED 
[Term: 03/11/2014] 
Farnan LLP 
919 North Market Street 12th Floor 
Wilmington , DE 19801 
USA 
(302) 777-0300 
Fax: (302) 777-0301 
Email:Bfarnan@farnanlaw.com 

Michael J. Farnan 
ATIORNEY TO BE NOTICED 
[Term: 03/11/2014] 
Farnan LLP 
919 North Market Street 12th Floor 
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Date # 

06/25/2013 1 

06/25/2013 2 

06/25/2013 3 

06/25/2013 

07/03/2013 

10/15/2013 4 

10/15/2013 5 

12/10/2013 6 

12/12/2013 

01/13/2014 7 

01/13/2014 8 

01/13/2014 9 

01/13/2014 10 

01/14/2014 

Wilmington , DE 19801 
USA 
302-777-0338 
Fax: 302-421-5870 
Email: Mfarnan@farnanlaw .Com 

Proceeding Text Source 

COMPLAINT filed with Jury Demand against CBC (America) 
Corporation, CBC Co. Ltd. - Magistrate Consent Notice to Pltf. 
( Filing fee$ 400, receipt number 311-1317132.) - filed by 
ImmerVision Inc .. (Attachments: # 1 Exhibit A, # 2 Exhibit B, # 
3 Exhibit C, # 4 Civil Cover Sheet)(dmp, ) (Entered: 
06/26/2013) 

Notice, Consent and Referral forms re: U.S. Magistrate Judge 
jurisdiction. (dmp, ) (Entered: 06/26/2013) 

Report to the Commissioner of Patents and Trademarks for 
Patent/Trademark Number(s) US 6,844,900 B2;. (dmp, ) 
(Entered: 06/26/2013) 

No Summons Issued. (dmp, ) (Entered: 06/26/2013) 

Case Assigned to Judge Sue L. Robinson. Please include the 
initials of the Judge (SLR) after the case number on all 
documents filed. (rjb) (Entered: 07/03/2013) 

WAIVER OF SERVICE returned executed by ImmerVision Inc.: Events 
For CBC Co. Ltd. waiver sent on 10/14/2013, answer due < br>since&nbsplast 
1/13/2014. (Farnan, Joseph) (Entered: 10/15/2013) < br>full&nbspupdate 

WAIVER OF SERVICE returned executed by ImmerVision Inc.: Events 
For CBC (America) Corporation waiver sent on 10/14/2013, < br> si nce&nbsplast 
answer due 12/13/2013. (Farnan, Joseph) (Entered: < br>full&nbspupdate 
10/15/2013) 

MOTION for Extension of Time to Respond to Complaint - Events 
Unopposed - filed by ImmerVision Inc .. (Attachments: # 1 Text < br>since&nbsplast 
of Proposed Order)(Farnan, Michael) (Entered: 12/10/2013) < br>full&nbspupdate 

SO ORDERED, re 6 MOTION for Extension of Time to Respond to Events 
Complaint - Unopposed filed by ImmerVision Inc., Set/Reset < br>since&nbsplast 
Answer Deadlines: CBC (America) Corporation answer due < br>full&nbspupdate 
1/13/2014. CBC Co. Ltd answer due 1/13/2014. Signed by 
Judge Sue L. Robinson on 12/12/2013. (fms) (Entered: 
12/12/2013) 

ANSWER to 1 Complaint, with Jury Demand , COUNTERCLAIM Events 
against ImmerVision Inc. by CBC (America) Corporation, CBC <br>since&nbsplast 
Co. Ltd .. (Wilson, Samantha) (Entered: 01/13/2014) <br>full&nbspupdate 

Disclosure Statement pursuant to Rule 7.1: No Parents or Events 
Affiliates Listed filed by CBC Co. Ltd .. (Wilson, Samantha) < br>since&nbsplast 
(Entered: 01/13/2014) < br>full&nbspupdate 

Disclosure.Statement pursuant to Rule 7.1: identifying Events 
Corporate Parent CBC Co. Ltd. for CBC (America) Corporation, < br>since&nbsplast 
CBC (America) Corporation filed by CBC (America) Corporation. < br> full&nbspu pd ate 
(Wilson, Samantha) (Entered: 01/13/2014) 

MOTION for Pro Hae Vice Appearance of Attorney Nick G. Saras, Events 
Miwa Shoda, Kristopher R. Kiel and Yusuf Esat - filed by CBC < br>since&nbsplast 
(America) Corporation, CBC Co. Ltd .. (Sharp, Melanie) (Entered: < br>full&nbspupdate 
01/13/2014) 

SO ORDERED, re 10 MOTION for Pro Hae Vice Appearance of Events 

LGE Exhibit 1003 
LGE v. ImmerVision 

Page 87 of 356



Attorney Nick G. Saros, Miwa Shoda, Kristopher R. Kiel and 
Yusuf Esat filed by CBC (America) Corporation, CBC Co. Ltd. 
Signed by Judge Sue L. Robinson on 1/14/2014. (fms) (Entered: 
01/14/2014) 

01/31/2014 11 ANSWER to 7 Answer to Complaint, Counterclaim by 
ImmerVision Inc .. (Farnan, Michael) (Entered: 01/31/2014) 

02/07/2014 

02/11/2014 

02/12/2014 

02/24/2014 

02/24/2014 

02/25/2014 

12 Order Setting Telephonic Scheduling Conference: A Scheduling 
Conference is set for 3/10/2014 at 04:00 PM before Judge Sue 
L. Robinson. Signed by Judge Sue L. Robinson on 2/7/2014. 
(nmfn) (Entered: 02/07/2014) 

13 MOTION for Pro Hae Vice Appearance of Attorney of John D. 
Simmons, Frederick A. Teece, and Dennis J. Butler - filed by 
ImmerVision Inc .. (Farnan, Michael) (Entered: 02/11/2014) 

SO ORDERED, re 13 MOTION for Pro Hae Vice Appearance of 
Attorney of John D. Simmons, Frederick A. Teece, and Dennis J. 
Butler filed by ImmerVision Inc. Signed by Judge Sue L. 
Robinson on 2/12/2014. (fms) (Entered: 02/12/2014) 

Pro Hae Vice Attorney Frederick Teece for ImmerVision Inc. 
added for electronic noticing. (els) (Entered: 02/24/2014) 

· Pro Hae Vice Attorney John D. Simmons for ImmerVision Inc. 
added for electronic noticing. (els) (Entered: 02/24/2014) 

Pro Hae Vice Attorney Dennis J. Butler for ImmerVision Inc. 
added for electronic noticing. (els) (Entered: 02/25/2014) 

03/04/2014 14 ORDER REFERRING CASE to Mediation. Signed by Judge Sue L. 

03/04/2014 15 

Robinson on 3/4/2014. (nmfn) (Entered: 03/04/2014) 

ORDER Setting Teleconference: Plaintiffs counsel shall initiate 
the call. A Telephone Conference is set for 3/10/2014 at 11:30 
AM before Judge Sherry R. Fallon to discuss ADR. Signed by 
Judge Sherry R. Fallon on 3/4/2014. (lih) (Entered: 03/04/2014) 

03/07/2014 16 STIPULATION to Amend Caption by ImmerVision Inc .. (Farnan, 
Michael) (Entered: 03/07/2014) 

03/07/2014 17 PROPOSED ORDER Proposed Scheduling Order by ImmerVision 
Inc .. (Attachments: # 1 Letter to The Honorable Sue L. 
Robinson)(Farnan, Michael) (Entered: 03/07/2014) 

< br>since&nbsplast 
< br> fu I l&nbspu pd ate 

Events 
< br>since&nbsplast 
<br>full&nbspupdate 

Events 
< br>since&nbsplast 
< br>full&nbspupdate 

Events 
< br>since&nbsplast 
<br>full&nbspupdate 

Events 
< br>since&nbsplast 
< br>full&nbspupdate 

Events 
< br> si nce&nbsplast 
< br>full&nbspupdate 

Events 
< br>since&nbsplast 

. <br>full&nbspupdate 

Events 
< br>since&nbsplast 
<br>full&nbspupdate 

Events 
< br>since&nbsplast 
< br>full&nbspupdate 

Events 
< br>since&nbsplast 
< br>full&nbspupdate 

Events 
< br> si nce&nbsplast 
< br>full&nbspupdate 

Events 
< br>since&nbsplast 
< br>full&nbspupdate 

03/10/2014 Minute Entry for proceedings held. before Judge Sue L. Robinson Events 

03/10/2014 

- Scheduling Conference held on 3/10/2014. (Court Reporter not <br>since&nbsplast 
present.) (nmfn) (Entered: 03/10/2014) <br>full&nbspupdate 

18 SCHEDULING ORDER: Case referred to the Magistrate Judge for 
the purpose of exploring ADR. Case referred to Magistrate Judge 
Fallon for non-dispositive motions and discovery as outlined in 
the scheduling order. Joinder of Parties due by 12/7/2014. 
Amended Pleadings due by 12/7/2014. A Discovery Conference 
is set for 9/18/2014 at 04:30 PM in Courtroom 4B before Judge 
Sue L. Robinson. A Status Conference re: Expert Discovery is set 
for 6/18/2015 at 04:30 PM in Courtroom 46 before Judge Sue L. 
Robinson. An Oral Argument is set for 11/19/2015 at 01 :00 PM 
in Courtroom 46 before Judge Sue L. Robinson. Claim 
Construction Opening Brief due by 1/15/2015. Claim 
Construction Answering Brief due by 2/5/2015. Claim 

Events 
< br>since&nbsplast 
< br>full&nbspupdate 
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03/11/2014 

Construction Reply Brief due by 2/19/2015. Claim Construction 
Surreply Brief due by 3/5/2015. A Final Pretrial Conference is set 
for 2/10/2016 at 04:30 PM in Courtroom 4B before Judge Sue L. 
Robinson. A Jury Trial is set for 3/7/2016 at 09:00 AM in 
Courtroom 4B before Judge Sue L. Robinson. Signed by Judge 
Sue L. Robinson on 3/10/2014. (nmfn) (Entered: 03/10/2014) 

SO ORDERED, re 16 Stipulation To Amend Caption. Signed by 
Judge Sue L. Robinson on 3/11/2014. (fms) (Entered: 
03/11/2014) 

03/12/2014 19 ORDER Setting Mediation Conferences: A Mediation Conference 
is set for 4/15/2014 and 4/16/2014 at 10:00 AM in Courtroom 
6C before Judge Sherry R. Fallon. Signed by Judge Sherry R. 
Fallon on 3/12/2014. (lih) (Entered: 03/12/2014) 

Events 
< br> si nce&n bsplast 
<br>full&nbspupdate 

Events 
< br>since&nbsplast 
<br>full&nbspupdate 

03/17/2014 20 NOTICE OF SERVICE of Plaintiff ImmerVision's Initial Disclosures Events 
Pursuant to Federal Rule 26(a)(l)(A) filed by 6115187 Canada <br>since&nbsplast 
Inc .. (Farnan, Michael) (Entered: 03/17/2014) <br>full&nbspupdate 

03/17/2014 21 NOTICE OF SERVICE of Defendants' Rule 26(a)(l) Initial 
Disclosures filed by CBC (America) Corporation, CBC Co. Ltd .. 
(Sharp, Melanie) (Entered: 03/17/2014) 

Events 
< br>since&nbsplast 
<br>full&nbspupdate 

03/17/2014 22 NOTICE of Withdrawal of Kristopher R. Kiel as Counsel for Events 
Defendants CBC Co., Ltd and CBC (America) Corporation by CBC <br>since&nbsplast 
(America) Corporation, CBC Co. ltd. (Wilson, Samantha) <br>full&nbspupdate 
(Entered: 03/17/2014) 

03/24/2014 23 Letter to Counsel from Judge Robinson regarding changes to the Events 
way the Court processes patent cases. (nmfn) (Entered: <br>since&nbsplast 
03/24/2014) <br>full&nbspupdate 

03/26/2014 24 Order Setting Patent Scheduling Conference: An In-Person 
Scheduling Conference is set for 4/21/2014 at 01:00 PM in 
Courtroom 48 before Judge Sue L. Robinson. Signed by Judge 
Sue L. Robinson on 3/26/2014. (nmfn) (Entered: 03/26/2014) 

04/09/2014 25 

04/10/2014 

Joint STIPULATION TO EXTEND TIME for the parties to exchange 
disclosures pursuant to Paragraph 3 of the Default Standard for 
Discovery, and for plaintiff to produce information pursuant to 
Paragraph 4 of same to May 9, 2014 - filed by CBC (America) 
Corporation, CBC Co. Ltd .. (Wilson, Samantha) (Entered: 
04/09/2014) 

SO ORDERED, re 25 Joint STIPULATION TO EXTEND TIME for 
the parties to exchange disclosures pursuant to Paragraph 3 of 
the Default Standard for Discovery; and for plaintiff to produce 
information pursuant to Paragraph 4 of same to May 9, 2014 
filed by CBC (America) Corporation, CBC Co. Ltd. Signed by 
Judge Sue L. Robinson on 4/10/2014. (fms) (Entered: 
04/10/2014) 

04/18/2014 26 PROPOSED ORDER Revised Scheduling Order by 6115187 
Canada Inc .. (Attachments: # 1 Letter to The Honorable Sue L. 
Robinson)(Farnan, Michael) (Entered: 04/18/2014) 

Events 
<br>since&nbsplast 
<br>full&nbspupdate 

Events 
< br>since&nbsplast 

· <br>full&nbspupdate 

Events 
< br>since&nbsplast 
<br>full&nbspupdate 

Events 
< br>since&nbsplast 
<br>full&nbspupdate 

04/21/2014 Reset Hearings: The In-Person Scheduling Conference has been Events 

04/24/2014 

rescheduled per request of counsel for 5/19/2014 at 04:30 PM in <br>since&nbsplast 
Courtroom 4B before Judge Sue L. Robinson. (nmfn) (Entered: <br>full&nbspupdate 
04/21/2014) 

ORAL ORDER- IT IS HEREBY ORDERED that: a Telephone 
Mediation Conference is set for 5/1/2014 at 12:00 PM before 
Judge Sherry R. Fallon .. Ordered by Judge Sherry R. Fallon on 
4/24/2014. (lih) (Entered: 04/24/2014) 

Events 
<br>since&nbsplast 
< br>full&nbspupdate 

05/09/2014 27 NOTICE OF SERVICE of CBC's Disclosures Pursuant to Paragraph Events 
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3 of the District of Delaware Default Standard for Discovery, 
Including Discovery of Electronically Stored Information ("ESI") 
filed by CBC (America) Corporation, CBC Co. Ltd .. (Sharp, 
Melanie) (Entered: 05/09/2014) 

05/09/2014 28 NOTICE OF SERVICE of (i) Plaintiff ImmerVision's Electronic 
Discovery Disclosures and (ii) Plaintiff ImmerVision's Initial 
Patent Disclosures filed by 6115187 Canada Inc .. (Farnan, 
Michael) (Entered: 05/09/2014) 

05/16/2014 

05/16/2014 

06/03/2014 

The scheduling conference originally set for 5/19/2014 at 4:30 
p.m. has been cancelled. It will be rescheduled soon. (nmfn) 
(Entered: 05/16/2014) 

Reset Hearings: The In-Person Scheduling Conference is 
rescheduled for 6/24/2014 at 04:30 PM in Courtroom 4B before 
Judge Sue L. Robinson. (nmfn) (Entered: 05/16/2014) 

Reset Hearings: The In-Person Scheduling Conference is 
rescheduled for 6/24/2014 at 03:30 PM in Courtroom 46 before 
Judge Sue L. Robinson. (nmfn) (Entered: 06/03/2014) 

06/05/2014 29 PROPOSED ORDER Stipulated Protective Order by 6115187 
Canada Inc .. (Farnan, Michael) (Entered: 06/05/2014) 

06/06/2014 SO ORDERED, re 29 Proposed Stipulated Protective Order filed 
by 6115187 Canada Inc .. Signed by Judge Sue L. Robinson on 
6/6/2014. (fms) (Entered: 06/06/2014). 

06/10/2014 30 NOTICE OF SERVICE of Core Technical Documents Pursuant to 
Paragraph 4(b) of the D. Del. Default Standard for Discovery 
filed by CBC (America) Corporation, CBC Co. Ltd .. (Wilson, 
Samantha) (Entered: 06/10/2014) 

06/23/2014 31 PROPOSED ORDER Scheduling Order by 6115187 Canada Inc .. 
(Attachments: # 1 Letter to The Honorable Sue L. Robinson) 
(Fc;irnan, Michael) (Entered: 06/23/2014) 

< br>since&nbsplast 
< br>full&nbspupdate 

Events 
<br>since&nbsplast 
<br>full&nbspupdate 

Events 
<br>since&nbsplast 
< br>full&nbspupdate 

Events 
<br>since&nbsplast 
< br>full&nbspupdate 

Events 
<br>since&nbsplast 
< br>full&nbspupdate 

Events 
<br>since&nbsplast 
< br>full&nbspupdate 

Events 
<br>since&nbsplast 
<br>full&nbspupdate 

Events 
< br>since&nbsplast 
<br>full&nbspupdate 

Events 
< br>since&nbsplast 
<br>full&nbspupdate 

06/24/2014 Minute Entry for proceedings held before Judge Sue L. Robinson Events 
- Scheduling Conference held on 6/24/2014. (Court Reporter V. <br>since&nbsplast 
Gunning.) Counsel to submit the final proposed scheduling order <br>full&nbspupdate 
to the court. (nmfn) (Entered: 06/24/2014) 

06/25/2014 32 PROPOSED ORDER Scheduling Order by 6115187 Canada Inc .. 
(Attachments: # 1 Letter to The Honorable Sue L. 'Robinson) 
(Farnan, Michael) (Entered: 06/25/2014) 

06/26/2014 SO ORDERED, re 32 SCHEDULING ORDER: Case referred to the 
Magistrate Judge for the purpose of exploring ADR. Case 
referred to the Magistrate Judge for discovery and all motions to 
dismiss, to amend, to transfer and any discovery motions 
permitted by a Magistrate Judge.( Joinder of Parties due by 
12/8/2014., Amended Pleadings due by 12/8/2014., Discovery 
due by 7/15/2015., A Status Conference re: Expert Discovery is 
set for 6/18/2015 at 04:30 PM in Courtroom 46 before Judge 
Sue L. Robinson, Dispositive Motions due by 8/21/2015., An Oral 
Argument is set for 11/19/2015 at 01:00 PM in Courtroom 46 
before Judge Sue L. Robinson., Claim Construction Opening Brief 
due by 1/15/2015., Claim Construction Answering Brief due by 
2/5/2015., Claim Construction Reply Brief due by 2/19/2015., 
Claim Construction Surreply Brief due by 3/5/2015., A Markman 
Hearing is set for 3/27/2015 at 09:30 AM in Courtroom 4B 
before Judge Sue L. Robinson., A Final Pretrial Conference is set 
for 2/10/2016 at 04:30 PM in Courtroom 46 before Judge Sue L. 
Robinson., A Jury Trial is set for 3/7/2016 at 09:00 AM in 
Courtroom 46 before Judge Sue L. Robinson.). Signed by Judge 

Events 
< br> si nce&nbsplast 
< br>full&nbspupdate 

Events 
< br>since&nbsplast 
< br>full&nbspupdate 
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Sue L. Robinson on 6/26/2014. (nmfn) (Entered: 06/26/2014) 

06/27/2014 33 NOTICE OF SERVICE of Plaintiff ImmerVision's Damages Model Events 
under Paragraph 1 (c) (2) of Patent Replacement Scheduling <br>since&nbsplast 
Order filed by 6115187 Canada Inc .. (Farnan, Michael) (Entered: <br>full&nbspupdate 
06/27/2014) 

07/09/2014 34 STIPULATION TO EXTEND TIME for Initial Claim Chart and Initial Events 
Invalidity Contentions to 8/8/2014 and 9/8/2014 respectively - <br>since&nbsplast 
filed by 6115187 Canada Inc .. (Farnan, Michael) (Entered: <br>full&nbspupdate 
07/09/2014) 

08/05/2014 35 STIPULATION of Dismissal by 6115187 Canada Inc .. (Farnan, 
Michael) (Entered: 08/05/2014) 

08/05/2014 CASE CLOSED per D.I. 35. (nmfn) (Entered: 08/05/2014) 

08/07/2014 36 Report to the Commissioner of Patents and Trademarks for 
Patent/Trademark Number(s) US 6,844,900 B2. (Attachments: 
# 1 Stipulation)(fms) (Entered: 08/07/2014) 

Copyright © 2014 LexisNexis Courtlink, Inc. All rights reserved. 
*** THIS DATA IS FOR INFORMATIONAL PURPOSES ONLY*** 

Events 
< br>since&nbsplast 
<br>full&nbspupdate 

Events 
<br>since&nbsplast 
< br> fu I l&n bspu pd ate 

Events 
< br>since&nbsplast 
< br>full&nbspupdate 
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US District Court Civil Docket 

U.S. District - Nevada 

{Las Vegas) 

2:13cv1117 

Immervision, Inc. v. Vivotek, Inc. 

This case was retrieved f~om the court on Friday, August 16, 2013 

Date Filed: 06/25/2013 

Assigned To: Judge Andrew P. Gordon 
Referred To: Magistrate Judge Carl W. 

Hoffman 
Nature of 

suit: Patent (830) 

Cause: Patent Infringement 
Lead Docket: None 

Other Docket: None 
Jurisdiction: Federal Question 

Immervision, Inc. 
Plaintiff 

Litigants 

Class Code: CLOSED 

Closed: 09/27/2013 
Statute: 35: 145 

Jury Demand: Plaintiff. 

Demand Amount: $0 
NOS Description: Patent 

Attorneys 

Frederick A. Teece 
LEAD ATIORNEY;PRO HAC VICE;ATIORNEY TO BE 
NOTICED 
Panitch Schwarze Belisario & Nadel LLP 
2005 Market Street 
Philadelphia, PA 19103 
USA 
215-965-1330 
Fax: 215-965-1331 

John D. Simmons 
LEAD ATIORNEY;PRO HAC VICE;ATIORNEY TO BE 
NOTICED 
Panitch Schwarze Belisario & Nadel LLP 
2005 Market Street 
Philadelphia , PA 19103 
USA 
215-965-1330 
Fax: 215-965-1331 

Stephen E Murray 
LEAD ATIORNEY;ATIORNEY TO BE NOTICED 
Panitch Schwarze Belisario & Nadel LLP 
2005 Market Street 
Philadelphia , PA 19103 
USA 
215-965-1330 
Fax: 215-965-1331 
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Vivotek, Inc. 
Defendant 

Vivotek USA, Inc. 
Defendant 

Philip M. Ballif 
ATIORNEY TO BE NOTICED 
Durham Jones & Pinegar 
111 East Broadway, Suite 900 
P.O. Box 4050 
Salt Lake City, UT 84110 
USA 
(801} 415-3000 
Fax: (801) 415-3500 
Email:Pballif@djplaw.com 

Vivotek Holdings, Inc. 
Defendant 

Date # Proceeding Text 

06/25/2013 1 COMPLAINT against Vivotek, Inc. (Filing fee $400 receipt 
number 0978-2866350), filed by ImmerVision, Inc .. Certificate 
of Interested Parties due by 7/5/2013. Proof of service due by 
10/23/2013. (Attachments: # 1 Exhibit Ex. A to Complaint, # 2 
Exhibit Ex. B to Complaint, # 3 Exhibit Ex. C to Complaint, # 4 
Civil Cover Sheet Civil Cover Sheet) (Ballif, Philip) (Entered: 
06/25/2013} 

06/25/2013 Case assigned to Judge Andrew P. Gordon and Magistrate Judge 
Carl W. Hoffman. Nature of Suit: 830 Patent Case (MAJ) 
(Entered: 06/25/2013) 

06/25/2013 2 NOTICE PURSUANT TO LOCAL RULE IB 2-2: In accordance with 
28 USC§ 636(c) and FRCP 73, the parties in this action are 
provided with a link to the "AO 85 Notice of Availability, 
Consent, and Order of Reference - Exercise of Jurisdiction by a 
U.S. Magistrate Judge" form on the Court's website -
www.nvd.uscourts.gov. Consent forms should NOT be 
electronically filed. Upon consent of all parties, counsel are 
advised to manually file the form with the Clerk's Office. A copy 
of form AO 85 has been mailed to parties not receiving 
electronic service. (no image attached) (MAJ) (Entered: 
06/25/2013) 

06/25/2013 3 NOTICE TO COUNSEL PURSUANT TO LOCAL RULE IA 10-2. 
Counsel Frederick A. Teece, John D. Simmons, Stephen E Murray 
to comply with completion and electronic filing· of the 
Designation of Local Counsel and Verified Petition. For your 
convenience, click on the following link to obtain the form from 
the Court's website - www.nvd.uscourts.gov/Forms.aspx. 
Counsel is also required to register for the Court's Case 
Management and Electronic Case Filing (CM/ECF) system and 
the electronic service of pleadings. Please visit the Court's 
website www.nvd.uscourts.gov to register Attorney(s) upon 
approval of the Verified Petition. Verified Petition due by 
8/9/2013.(no image attached} (MAJ) (Entered: 06/25/2013) 

06/25/2013 4 AO 120 - REPORT on the filing or determination of an action 
regarding a patent or trademark. E-mailed to the US Patent and 
Trademark Office. (MAJ) (Entered: 06/25/2013) 

Source 
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07/02/2013 5 

08/09/2013 6 

08/12/2013 7 

09/27/2013 8 

09/27/2013 9 

CERTIFICATE of Interested Parties filed by ImmerVision, Inc. 
that identifies all parties that have an interest in the outcome of 
this case. Other Affiliate 9116-6271 Quebec Inc for· 
ImmerVision, Inc. added .. (Ballif, Philip) (Entered: 07/02/2013) 

Emergency MOTION for Extension of Time to File Verified 
Petitions Pursuant to Local Rule IA 10-2; filed by Plaintiff 
ImmerVision, Inc .. Motion ripe 8/9/2013. (Ballif, Philip) 
(Entered: 08/09/2013) 

MINUTE ORDER IN CHAMBERS of the Honorable Judge Andrew 
P. Gordon, on 8/12/2013. ~y Judicial Assistant: Cathy Stuchell. 
Plaintiffs Emergency Motion for Extension of Time to File 
Verified Petitions [Dkt. #6] is GRANTED. Verified Petitions are 
now due on September 13, 2013.(no image attached) (Copies 
have been distributed pursuant to the NEF - CS) (Entered: 
08/12/2013) 

NOTICE of Dismissal Pursuant to Rule 41(a)(l) of the Federal 
Rules of Civil Procedure by ImmerVision, Inc .. (Ballif, Philip) 
(Entered: 09/27/2013) 

AO 120 - REPORT on the filing or determination of an action 
regarding a patent or trademark. E-mailed to the US Patent and 
Trademark Office: (Attachments: # 1 Notice of Voluntary 
Dismissal) (AC) (Entered: 09/27/2013) 

Copyright© 2014 LexisNexis Courtlink, Inc. All rights reserved. 
*** THIS DATA IS FOR INFORMATIONAL PURPOSES ONLY*** 

Events 
<br>since&nbsplast 
< br>full&nbspupdate 

Events 
< br> si nce&nbsplast 
<br>full&nbspupdate 
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1. The Sports Network, June 8, 2014 Sunday 5:55 PM EST, , PGA TOUR - MEN'S 
PROFESSIONAL GOLF; Statistics, 1977 words, PGA Tour Statistics - Final Round 
Scoring Average; (Complete Through FedEx St. Jude Classic) 

6 Webb Simpson 10 69.40 70.15 694 
... 34 Camilo Villegas 12 70.33 70.98 844 

35 Boo Weekley 12 70.33 71.25 844 ... 
... 54 Zach Johnson 14 70.71 70.16 990 

55 Scott Brown 14 70.71 70.83 990 
56 Brian Davis 14 70.71 71.47 990 ... 

2. News Bites US Markets, September 12, 2014 Friday, 916 words, CAI International 
decreases 1.2% - trailing 93% of stocks 12 September, 2014 16:00 EDT 

... NYSE market of 2,071 stocks and 34 units traded today, the stock has a 6-month 
relative price strength of 7 indicating it is trailing 93% of the market. ... 
... 1000) invested one year ago in CAI International is US$844, for a capital loss of 
US$156 .... 
... CAP.NYSE 992 990 844 
S&P 500 Index 990 1,027 1,195 ... 

3. News Bites - Middle East & North Africa: Palestine, November 20, 2014 
Thursday, STOCK, 322 words, Weekly: Palestine Electric in its biggest trailing week 
loss for 7 months 

... week. - In the Palestinian market of 18 stocks traded today, the stock has a 6-
month relative strength of 7 indicating it is trailing 93.0% of the market. .. . 
... value of US$1,000 invested two years ago is US$844 for a capital loss of US$156 . 

... PEC 947 844 ... 

... AI-Quds 990 944 1,077 ... 

4. News Bites US Markets, October 1, 2014 Wednesday, 622 words, AV Homes in 2nd 
daily fall, nears twenty two-month low 01 October, 2014 16:00 EDT 

... last three months the stock has hit a new 52-week low six times, pointing to a 
downtrend. + The Moving Average Convergence Divergence (MACO) indicator of ... 
... 1000) invested one year ago in AV Homes is US$844, for a capital loss of US$156 . 

... AVHI.NASDAQ 990 918 844 ... 

5. The Sampson Independent (Clinton, North Carolina), October 21, 2014 
Tuesday, ANNOUNCEMENTS, 844 words, Community Bulletin Board, Emily Hobbs 

... progress report pickup for all students and parents on Oct. 27, 6 p.m.A Senior 
Information Night with graduation supply ordering, scholarship information, Sampson 

... by Stephen Mallatratt at The Victor R. Small House. Thursday, Nov. 6, 7:30 p.m.; 
Friday, Nov. 7, 7:30 p.m.; Saturday, Nov. 8, ... 
... out, or delivery. FMI or to purchase a plate, call Skippy Jackson at 990-9554, Glenn 
Jernigan at 990-0969 or L.S. Guy at 910-267-6441. If you would like to make a ... 
... Planning and Zoning Board - meets the first Tuesday of every month at 6 p.m. 
while training through the N.C. Department of Commerce is being held. The business 

6. The Sports Network, April 7, 2013 Sunday 4:47 PM EST, , NATIONWIDE TOUR - GOLF; 
Statistics, 1671 words, Web.com Tour Statistics - Scoring Average; (Complete Through 
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Brasil Classic) 

6 Wes Roach 
... 82 Philip Pettitt, Jr. 

82 Nick Flanagan 
82 Sam Saunders 

... 112 J.J. Killeen 
112 Cliff Kresge 

2 
5 

4 
4 
5 

4 

68.38 
70.33 

70.33 
70.33 
70.71 

70.71 

547 
844 

844 
844 
990 

990 ... 

7. Independent.co.uk, August 27, 2014 Wednesday 1:05 AM GMT,, UK POLITICS, 328 
wprds, Authorities failing in hunt for 'most wanted' tax dodgers who owe HMRC 
£844m; Campaign that publicly identified those sought has seen results, but many 
have fled abroad, Kunal Dutta 

... year's list include Ahmed Salim Khezr, an Iranian national sentenced to six years for 
selling non-UK duty paid cigarettes across the UK and ... 
. .. Others are Murugasan Natarajan, who is thought to have fled to India after receiving 
a six-year sentence last December for smuggling garlic - incorrectly declared as ginger 
- into the UK. HMRC say that the frauds have collectively cost the UK more than £844 
million. The appeal provided intelligence on the alleged offenders, and the whereabouts 
of 16 others are now known, HMRC says, with 990 prosecutions having taken place in 
the last year. But authorities have punished just .. . · 
... said: "These fugitives were involved in frauds that have collectively cost the UK 
more than £844 million but the success of our campaign means those on the run 
should know that HMRC will ... 

8. Johannesburg Stock Exchange News Service, March 26, 2014 Wednesday, 2569 
words, KDV - KAYDAV GROUP LIMITED - Condensed audited consolidated results for 
the year ended 31 December 2013 

... Profit for the year 23 710 844 20 350 534 ... 

... equity holders of the parent 23 710 844 20 350 534 ... 

... Earnings 23 710 844 20 350 534 ... 

... Current assets 184 990 190 165 011 970 ... 

.. . Short-term portion of interest-bearing liabilities. 6 124 965 ·5 538 192 ... 

.. . Total comprehensive income for the year 23 710 844 20 350 534 ... 

... Board distribution 37 932 997 29 806 990 ... 

9. Pivotal Sources, November 6, 2014 Thursday, 128 words, Skladowisko Odpadow 
secures contract for Refuse and waste related services, Poland 

Poland, Nov. 6 -- Contract Id: 98432 Description: POLAND based Skladowisko 
Odpadow has secured contract ... 
The contract is valued approximately 2 844 990 PLN, Including VAT. VAT rate(%) 8. 
Country: Poland Sector: · ... 
November 6, 2014 

10. The Sports Network, July 6, 2014 Sunday 9:25 PM EST, , NATIONWIDE TOUR - GOLF; 
Statistics, 1733 words, Web.com Tour Statistics - Second Round Scoring Average; 
(Complete Through Nova Scotia Open) 

6 Roland Thatcher 12 68.75 70.27 825 ... 
... 48 Cameron Percy 12 70.33 70.15 844 

49 Hugo Leon 12 70.33 70.68 844 
50 Brett Lederer 12 70.33 71.23 844 ... 

... 65 Manuel Villegas 14 70.71 70.75 990 
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Source: Combined Source Set 4 IIJ - English Language News (Most recent Two Years) 
Terms:· 6844990 or 6,844,990 (Suggest Terms for My Search I Feedback on Your Search) 

View: Cite 
Date/Time: Thursday, December 4, 2014 - 4:30 PM EST 

A® L · N · ® About LexisNexis I Privacy Policy I Terms & Conditions I Contact Us 
"411' eXIS eXIS Copyright© 2014 LexisNexis, a division of Reed Elsevier Inc. All rights reserved. 
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869449 (06) 4963097 October 16, 1990 

UNITED STATES PATENT AND TRADEMARK OFFICE GRANTED PATENT 

4963097 

Get Drawing Sheet 1 of 12 
Access PDF of Official Patent * 

Order Patent File History/ Wrapper from REEDFAX® 
Link to Claims Section 

October 16, 1990 

Display apparatus for a group education system 

INVENTOR: Anju, Shinji - Saitama, Japan (JP) 

APPL-NO: 869449 (06) 

FILED-DATE: April 27, 1986 

GRANTED-DATE: October 16, 1990 

CORE TERMS: display, seat, screen, designated, symbol, cursor, displayed, switch, electrode, 
classroom, correspond, column, row, assigned, actuation, terminal, seating, designatable, 
stored, microcomputer, array, teacher, console, actuated, memory, corner, designation, 
switching, seated, select 

ENGLISH-ABST: 

In a group education system of the type having a teacher console and a plurality of terminals at 
seat positions assignable for student use, a display apparatus includes a display screen adapted 
to display a seating pattern which corresponds to the seating arrangement of terminals within 
the classroom. The displayed pattern is created by designating certain areas of the display 
screen to correspond to seat positions actually assigned for student use, and identifying 
symbols may be displayed in each of these areas. The display apparatus also includes pattern 
selecting keys for reordering the designated areas to correspond to a selected on of a plurality 
of predetermined patterns. In an information display made of the apparatus, actuation of a 
switch corresponding to a respective one of these areas causes the display of information 
related to the student occupying the corresponding seat in the classroom. 

DETDESC: 
... key for causing this rearrangement, where the information and data relating to each 
individual student is retained unchanged, but the information is associated with different ones 
of the designatable image areas according to the selected pattern. Function keys PATNO 1-4 
provide this function. 

In FIGS. 6A and 68 the numbers shown may be considered to be identifying marks or symbols 
associated with the respective image areas. Alternatively, FIG. 6A and 68 may be used to 
illustrate the operation of function keys PATNO 1 to 4, by identifying the pattern number of the 
image areas within each pattern. 

Thus, for instance, suppose that pattern number 1 is the pattern that appears in FIG. 6C. It 
should be understood that the symbols ... 

Source: Command Searching > Utility, Design and Plant Patents IT] 
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Terms: patno=6844990 (Suggest Terms for My Search) 
View: SuperKWIC 

Date/Time: Thursday, December 4, 2014 - 4:32 PM EST 

IA® L · N · ® About LexisNexis I Privacy Policy I Terms & Conditions I Contact Us 
'W' eXIS eXIS Copyright© 2014 LexisNexis, a division of Reed Elsevier Inc. All rights reserved. 
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REEXAM CONTROL NUMBER 

90/013,410 

570 
PANITCH SCHWARZE BELISARIO & NADEL LLP 
ONE COMMERCE SQUARE 
2005 MARKET STREET, SUITE 2200 
PHILADELPHIA, PA 19103 

FILING OR 371 (c) DATE 

11/26/2014 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

PATENT NUMBER 

6844990 
CONFIRMATION NO. 4682 

REEXAMINATION REQUEST 
NOTICE 

1111111111111111111111111111111111111111111111111~m1J~~!~!~~1J~~~~~I~ 

Date Mailed: 12/02/2014 

NOTICE OF REEXAMINATION REQUEST FILING DATE 

(Patent Owner Requester) 

Requester is hereby notified that the filing date of the request for reexamination is 11/26/2014, the date the 
required fee of $2,520 was received. (See CFR 1.51 O(d)). 

A decision on the request for reexamination will be mailed within three months from the filing date of the request 
for reexamination. (See 37 CFR 1.515(a)). 

Pursuant to 37 CFR 1.33(c), future correspondence in this reexamination proceeding will be with the latest 
attorney or agent of the record in the patent file. 

The paragraphs checked below are part of this communication: 
1. The party receiving the courtesy copy is the latest attorney or agent of record in the patent file. 

2. The person named to receive the correspondence in this proceeding has not been made the latest 
attorney or agent of record in the patent file because: 

_ A. Requester's claim of ownership of the patent is not verified by the record. 

_ B. The request papers are not signed with a real or apparent binding signature. 

_ C. The mere naming of a correspondence addressee does not result in that person being 
appointed as the latest attorney or agent of record in the patent file. 

3. Addressee is the latest attorney or agent of record in the patent file. 

4. Other --------------------------

/rbell/ 

Legal Instruments Examiner 
Central Reexamination Unit 571-272-7705; FAX No. 571-273-9900 

page 1 of 1 
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REEXAM CONTROL NUMBER 

90/013,410 

570 
PANITCH SCHWARZE BELISARIO & NADEL LLP 
ONE COMMERCE SQUARE 
2005 MARKET STREET, SUITE 2200 
PHILADELPHIA, PA 19103 

FILING OR 371 (c) DATE 

11/26/2014 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

PATENT NUMBER 

6844990 
CONFIRMATION NO. 4682 

REEXAM ASSIGNMENT NOTICE 

I IIIIIIII IIII IIII IIIII IIIII IIIII IIIII IIIII IIIII IJ~m1J~~!~!~~lj~~~~I!)~ 

Date Mailed: 12/02/2014 

NOTICE OF ASSIGNMENT OF REEXAMINATION REQUEST 

The above-identified request for reexamination has been assigned to Art Unit 3992. All future correspondence to 
the proceeding should be identified by the control number listed above and directed to the assigned Art Unit. 

A copy of this Notice is being sent to the latest attorney or agent of record in the patent file or to all owners of 
record. (See 37 CFR 1.33(c)). If the addressee is not, or does not represent, the current owner, he or she is 
required to forward all communications regarding this proceeding to the current owner(s). An attorney or agent 
receiving this communication who does not represent the current owner(s) may wish to seek to withdraw pursuant 
to 37 CFR 1.36 in order to avoid receiving future communications. If the address of the current owner(s) is 
unknown, this communication should be returned within the request to withdraw pursuant to Section 1.36. 

/rbell/ 

Legal Instruments Examiner 
Central Reexamination Unit 571-272-7705; FAX No. 571-273-9900 

page 1 of 1 
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Patent Assignment Abstract of Title 

Total Assignments: 1 
Application#: 10706513 

PCT#: NONE 

Filing Dt: 11/12/2003 

Intl Reg#: 

Patent#: 6844990 

Publication #: US20040136092 

Issue Dt: 01/18/2005 

Pub Dt: 15-JUL-04 

Inventors: Jean-Claude Artonne, Christophe Moustier, Benjamin Blanc 

Title: METHOD FOR CAPTURING AND DISPLAYING A VARIABLE RESOLUTION DIGITAL PANORAMIC IMAGE 

Assignment: 1 
Reel/Frame: 015071 / 0574 Received: 03/17/2004 Recorded: 03/15/2004 Mailed: 09/03/2004 

Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS). 

Assignors: ARTONNE JEAN-CLAUDE 

MOUSTIER, CHRISTOPHE 

BLANC BENJAMIN 

Assignee: 6115187 CANADA, INC. 

100, ALEXIS-NIHON, SUITE 540 

SAINT LAURENT, QUEBEC, CANADA H4M 2Pl 

Correspondent: AKIN GUMP STRAUSS HAUER & FELD, LLP 

JOHN D. SIMMONS 

ONE COMMERCE SQUARE 

2005 MARKET STREET, SUITE 2200 

PHILADELPHIA, PA 19103 

Exec Dt: 11/26/2003 

Exec Dt: 12/08/2003 

Exec Dt: 11/26/2003 

Pages: 3 

Search Results as of: 1112812014 02:38 PM 

If you have any comments or questions concerning the data displayed, contact PRO/ Assignments at 571-272-3350 v.2.4 
Web interface last modified: Jul 25, 2014 v.2.4 
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Doc code: IDS PTOISB108a (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I Jean-Claude ARTONNE 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 688266-21 RX 

U.S.PATENTS Remove 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 6128145 2000-10-03 Nagaoka 

2 5686957 1997-11-11 Baker 

3 3953111 1976-04-27 Fisher, et al. 

4 6031670 2000-02-29 Inoue 

If you wish to add additional U.S. Patent citation information please click the Add button. Add 

U.S.PATENT APPLICATION PUBLICATIONS Remove 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button. Add 

FOREIGN PATENT DOCUMENTS Remove 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2 i Code4 Date 

Document 
Passages or Relevant 
Figures Appear 

EFSWeb2.1.17 
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Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I Jean-Claude ARTONNE 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 688266-21 RX 

1 1028389 EP A2 2000-08-16 Sh iota. et al. D 

2 2000-242773 JP A 2000-09-08 Matsui. et al. ~ 

3 11-261868 JP A 1999-09-24 Enami ~ 

If you wish to add additional Foreign Patent Document citation information please click the Add button Add 

NON-PATENT LITERATURE DOCUMENTS Remove 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 D 

If you wish to add additional non-patent literature document citation information please click the Add button Add 

EXAMINER SIGNATURE 

Examiner Signature I I Date Considered 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 

EFSWeb2.1.17 
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Application Number 

Filing Date 
INFORMATION DISCLOSURE First Named Inventor I Jean-Claude ARTONNE 
STATEMENT BY APPLICANT 

Art Unit 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number 688266-21 RX 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e)(1 ). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

D See attached certification statement. 

D The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

~ A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Stephen E. Murray/ Date (YYYY-MM-DD) 2014-11-26 

Name/Print Stephen E. Murray Registration Number 63,206 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

EFSWeb2.1.17 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Electronic Patent Application Fee Transmittal 

Application Number: 

Filing Date: 

Title of Invention: 
METHOD FOR CAPTURING AND DISPLAYING A VARIABLE RESOLUTION 
DIGITAL PANORAMIC IMAGE 

First Named Inventor/Applicant Name: Jean-Claude ARTON NE 

Filer: Stephen Murray/Kathy Higgins 

Attorney Docket Number: 688266-21 RX 

Filed as Large Entity 

ex parte reexam Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

REQUEST FOR EX PARTE REEXAMINATION 1812 1 12000 12000 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Total in USD ($) 12000 
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Electronic Acknowledgement Receipt 

EFSID: 20798335 

Application Number: 90013410 

International Application Number: 

Confirmation Number: 4682 

Title of Invention: 
METHOD FOR CAPTURING AND DISPLAYING A VARIABLE RESOLUTION 
DIGITAL PANORAMIC IMAGE 

First Named Inventor/Applicant Name: Jean-Claude ARTONNE 

Customer Number: 00570 

Filer: Stephen Murray/Kathy Higgins 

Filer Authorized By: Stephen Murray 

Attorney Docket Number: 688266-21 RX 

Receipt Date: 26-NOV-2014 

Filing Date: 

Time Stamp: 12:21:10 

Application Type: Reexam (Patent Owner) 

Payment information: 
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i!:' Jfll, ,t::..fJ ;,( 7~@:(.:: J IJ J1:fre(!fiO)X 1) ;O)~{jl i!:' J["( I') 

~U:i.i~'Mit.W. >AT k ~T v 1:::·~ti YA T k i!:' ffiff>t--t 6 
~ cb'c·~.;;, [RIO) < b > , < c) t::jf;-t-J '3 t::, w,m 
v > ;;('.fJ ;< 5~tli 1 3 - 1 0 (::::};r{}ft~tli 1 3 - 2 0 i' 
Jf>t11tt, Xl±tr{}1t~@:{12- O)mlllzL-- .'./ :X'iJ ;,< 5~Mt 1 
3 - 3 o t:: J IJ, 8*fftfi{}i!:'~:m@J$! 1 3 - 4 o i!:'Jr L 
-C{~:ilL, 11%1t~Mt 1 3- 5 o i!:'JrL-c-::i::=.~7vt:· 
@00 1 3 - 6 o ~t::*jf;,t 6 ~ c (;: J iJ , -f ic (, 0 > .:::z 
T 1,. i!:'ffifftT .£, ~ c t,t·~ 6 o f!! L, w,lllzJ...- / ;;('!;t]!ljjfll 
b>J1:\. •·5J'-, 8*ff!O)~hiJ':*2- < -f O)~hi!:'tllilE L -c -::i:: =. 
Y"rvt:·@0013-6 O='tft::*jf;L~~t(,(;f~(,~\.•, 
[ 0 0 0 9 ] [RI 1 4 t.ifJE*O)ffllllz v ::.--· 7..'.fJ x 7 ]!ljjff!cO)ili 

htJ!ilEO)i~sJJ[Ric·ib O O fl'il[Rf t::;t:3 \, • l' 1 4 - 1 !.iwJI'! 
O)@{ft7v-L., 14 - 2t±1&;~0)¥-I;xOO, 14 - 3£.i 
w,m v ::.--· ;;( t~ff!@oot· iY>.;; 0 x, x . y . z !Jmt·jf;,t 3 
1X5c~fm0) M.12.. 0 t::w,lllz v /' ;;(';aif!ii),;h, Ji-=>, mm v 
.'./At± zfii0)1ffl'i:Jt::fl'i:JWf@:b"h z1, •o i,O)c Too 
r o o 1 o l x, <&~0)¥-kxOO 1 4 - 2 tL mlllzv / ;;( 

b>lEM~nAO) v / ;;('"(''-f O)f~t¢.i:m'!~i?' f -z· ib 6 c To 
C' .'f.i.£ f O){&~a'.J~¥-f;ftO)f;ftOOc·ir) t)' -f 0)--'fffijfill(.i 
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(;:--::i \,, '1 ""( ~IlBJI"t G 0 

[ 0 0 1 4 ] ;®!,OH v > ;J..:'Cl)tiih>ht..:fi'[tii ( rnc~o) h>G 

lruilcfRm0-'¥f;JHii 1 4 - 2 ~ :iffi L -CJ! x_ o (* ~ , :f: Cl)£ 
£ ~t€1Rm0-'¥f;J([fil 1 4 - 2 (;:J!J!i iJ {1/tt..: t {li)ET o " {
L -c, +0-'¥-fiOO 1 4 - 2 J::.(;:ffi!J 011~tt.: 3 ;-;:5c~Fai0 
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71_;,(7~~(::;B1.,1z' WIBc1lfilf:f!ctifiKMl'll!.$!i, m.mvY 
::(tJY.50J~~ft.ri!=-tifiKTo~e~mt .. mmv::.,,A~ 
f:f!cO)'ffihi!:-tifiKT 6EiH!1~m t i!=-*llk&'rb-ltZi'oo:l!T 6 
fflnx. ~ flT 6 b JJ't''«J 6 o X.. ( 2 ) Wffc@ffitifiK5Tl!:l'll!. 
$U .. ~OOff'¥f:f!cO)mmv > 7~~f_iO)'ffihi!:-tifiKT 6~ 
e~mi!:-i1iil!T 6fflfiti!:-flT 6 LO)'t''"«J 6 0 

[ 0 0 3 3 l X, ( 3 ) w .. m v > A.71 :/. 3 (::J:: f) ffli\;6 
t1..tc::@f:f!cO)'ffih ~ tifiiE T 0 @1flltifi_i_EJ'l1l'll!.$ i!:-tlm x__ tc:: w .. m 
v /"A·t; :/. 7~~t::;Bt :'"(, w,m1./ ::.,,.::(jlijff:f!cO)'ffihfl!iIT 
O)tc::li)O), *jy;@f:f!cO)g:r,C.,fiI.~ .. w,m1.,·::.,, ;;(jlijff:f!cO)~f!Hft 
11:: .. m,mv Y::(@f~x. 1J 70)~:f::f~0)1,5 ,,x-;, i!:- .. m 

( 5 ) fflffl-'f 1 1 - 2 6 1 8 6 8 

fi!c6fttc::w,mv::.,, .:::(@f.iEif*:o,t:,fltltf:l l, i~1,3 ,,x-;, 
t::J:: •J m,mv /A·@1tO)'ffih1mK i!:-fi -3 mnx:. i!=-fFmx_t::. i 
O)c·"«Jo 0 

r o o 3 4 ] x.. ( 4 ) mm v ::.,, :;( 71 y. 5 i= J:: 0 ffli;; '-
t::.@ffliip b .. 1o/lDT 6 f]'l i!:-flt!T 6 mm v ::.,, .::( 71 :/. 5 ~~ 
t:::Bt iZ .. wJE!v-;,, A·@1:f!cr-IO)ffl1:LO)fiI.~m.JHti!:-frJm l 
Z{l][~i!:-~~ L, f:f!cO)~{I:: Ltc::1iJi~i!:-fltliliT 0ffllvt~fiffi 
,Z t::. 'b (7)'{'' ib b 0 

[ o o 3 5] X, ( 5) mmv>:;(71:/.7(;:J:: rJffli;;l 
t::.@ffliiJ>b, .fflDT 6 fflli!:-fltltl:\T 6w,mv::.,, At;:/. 7~ 
~t::;Bi.,,z .. m.mv-;,,A@if~i!:-1,/7?if0)1ft*~1~t:: 
~m L, ,f v'JIJ9;!ffiOJ 7 v-Lr'a'J~7:1'-JJf§% XU 7 t.,-L 

r'a'1&::n"t 7 J/-Lr,J~7:1"t i!:-ff:~-&'r lt::.fg;%i!:-fltlili L, !~ 
{§%(:: J:: tJ ffi~flt!tl:\ i!:-11't ·,, 1'£fJl'.O)fflDf:f!cO)ilJl~fltlili i!:
fAJIF.'rt::fi 'J fflnti!:-fiffij_ t:. b 0)--C\:f) 6 0 

r o o 3 6 ] :::;c c 6 ) mm v ::.,, :;(_tJ y. 5 i:: J:: 0 ffli;; '-
t::. ilruf:f!ct, t:.:,, ff IDT 61.ii!:-fltltt-t o;w.mv·-;,, :;(_tJ ;,( :1~ 
~t::;B ~ ,z, 7 v-Lr'a'1~7:1"0){g;% Xti7 v-Lrfu'1il0i" 
c 7 v-Ll*J&:7J"C ~*a~ Ltc::{§%~0)ffffi:i:J)fltlili<m 
l!'iwJIHv Y A·@f:f!c0)8*f:f!ci!:- it t::fi~ ,, :ttffi~ttffi~ 
t::t,t-t 6 µ}~flt! ili!i!1l'll!. (::;Bi, i Z .. :rli~,r~ t ffl:5e:~tl t OJ 

7 J.;" v .::z~mi!=-fi"') z mJUzv-;,, :;(@f:f!c0)8*f.ir-Ii!:-5E]t 
L, PlJBO);*,m v Y ;;(jlijff:f!c0)8*f.aO)g:riJ, b1'£fXO)ftlD® 
O)µJ{~flt!tl:\ i!:-fi 'J fflnx. i!=-(Fmi_tc:: b 0)--C·'&') 6" 
[ 0 0 3 7] X, ( 7) mmv/"AX]:/.7(::J:: l)fflJJL 

t::.@f:f!ciJ, t? , ff IDT 6 {_i i!:-fia tl:\ T o ;w.m v :/ ::Z' fJ :/. 5 ~ 
~t::;Bi., ,z, m~lzv > A~ffi0)8*f.iO)g:r:o,b1~b:h01'£ 
~ (7) A!thlf.i O)'flJi:!~lH::-:) 1., 1 Z , ::g. A !tmi.i O)JBif i!:- :iEffl fr. 
L .. ::g.®O)ff:1i:kl*JOJ~'tfffi~fc{i L, fltil..".? O)ffllO)~'tfffi 
i!:- tit t::f$1DT 0f£J.xO)A~hJf:f!ci!:-{m.8rJt::ili~T 6 ~f.ii!:
fFfiti" 0fflJvt i!:-ffmx__tc:: l;crJt·"«J 0 0 

r o o 3 s] x, < s > mmv:;.,,::(tJY.5t=J:: fJffli;;l 
t::.@ffliiJ>G .. .fflDT 6f]'li!:-fltltl:\T ommv::.,·A·t; ,,x 7~ 
~i::o·~ ,z, m.mv-;,, A~ffiO)g:r,C.,$Ji" t mJjll$7:1" t OJ 

'ffih-0)*~ 6l::ilitz ~~0:mh-1:*~i!:-* tt::.~m.m_~ 
b c t::ilJ~fiatl:\~fi '3 fflnx.i!:-fFmi_ tc:: b O)'t''«J o o X .. 
< 9 > wrtcmhf*tt: t l z .. !!l!t::mm v::.,, :·;(@f:f!cOJ8*® 

rqO)µJt~t::t,tJ,6 L Z ~~of&:i!:-~x__, jl:fltltl:lilJ~i!:-? ;z 
~ L-ZilJt~fiatl:\zfi '3 fflmti!:-fFmi_ tc:: b O)'t''«J o o 

r o o 3 9 ] x, *~SJlO)w,mv ::.,,.::<n y. 5 (7)@fi!c'ffih 
tifiK:n~t i .. ( 1 0 ) wJllz v Y ::( fJ :/. 3 t:: J:: rJ t!t~ 6 n 
t~@ffli(7)'ffihO)tifiift::ot:z .. m.mr...-::.,,A·n y. 70)~~~ 

ft.ri!=-tifiiE-t0~ffl~mt,mmvYA@f.iOJ'ffihi!=-~iE 
To ~e~m c ~i/i11.h~b-lt-Ciil!T 6 ~;ffi1_ i!:-%U L OJ 

t·cn o O x, < 1 1 > wrtcw,mv::.,, A·t; y. :1 (7)@fi!c'ffih 
tifiKt::t:;~ 1--C, ~OOff'¥f:f!cO)ffe.JIN v > A·@f_i(7)'ffihi!:-tifi 
KT 6.@H:!~m~i'oo:l!T 6~;ffi1_i!:-%Ub0)--C'"«J0 o 

r o o 4 o] x, < 1 2) w,mv::.,,.::<nY.5(.::J:: IJ~ 
~ ht~ ilruf:f!cO)'ffih-OJtifiKt::;B 1.,-, Z , ;w.m v ':/ ::(@®O)'ffi 
h~i£(7)t~li)O), *jy;ilIDffllO)tj:r,C.,fiI.~ .. mm v > A.ilru® 
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0*1/Et'IUt, mlllz v Y _:;(@fiI lJ 7 0~f.¥.@J01 , '7 ;>{ - -;1 

~, tilHi~:ht~wJl~1., Y ;;(@fiElf*iP t:.t1±1lli L, ~$€1,5 
;>{--;? t:: J:: IJ w,O.lz v Y .X1@fj0~htllfiE ~fi-3 i&!ffl ~% 

ts b 0-Z".:b 6 0 

r o o 4 1 l JC -*JEaJJ0w,lllzv y.x·n ;,{ 50@-ftt1±1lli 
1r$:ti, < 1 3) mlllzv :.--,fn ;,{ '7 t::J: "Jt.if5 Lt~i!ffift 
tpt_:,, f%ihT 6ft~t1Blli-t 6 @ftt1±1llin$:t::t-n, 1'"(, w, 
lllzv Y _:;(i!ffifll*l0ffili0fil@'.fmfJ~;f1JJfl L '"CFR~~ imi'i
L, {t0~{l:: Lt~m[~~t!Bllii°" oi&!ffl~%tsi>0-za·.h 
-bo 
[ o o 4 2 l .>C ( 1 4 ) ;~JIR v Y ;;( tJ ;>{ '7 (:: J: IJ mil§ 
Lt~@fih·b, fH1J-t 6{t~t1±1lliT 6 i!ffil~t1±1llin$:(::J.s 
v 1 '"( , w,lllz v Y ::.(@ft~ 1, / '7 <~x0*i~~itt::~tti 
L, -f0119/;fl07 v-LFa'1~--n'-.0-f§°-%X!i7 v-LFa"I~ 
71'-.C 7 v-Ll*l~--n'-.c ~t.aii- Ltc::ft-%~fmlli L, ~!€ft% 
t::J: ') 'pJ{~11Hlli~fi\, \, ~:fj(0f511JfjcT)Fff~t!Blli~ lnlffi!f 
t::fi-3 i&!ffl ~%t· b 0-r:·.h 6 0 

[0043] X, ( 15) ji_filzvY.X'7J;>{'J(;:J:IJ~ 

Lt~@fih·C::,, f%11JT 6-ft~MlliT 6 i!ffi-ftMllin$:?::J.s 
v 1 '"( , 7 v-LFa'1li'-.0ft-% Xa 7 v-L fffl~--n'-. c 7 v 
-Ll*l~'.71 c ~*tii- Lt~fg;{}@J0f~~.:i:011Hlliiil!~w, 
filzJ,, Y ;.(i!ffifjc7JB9/;{j~ b c (;:fit, 1, *'ru&rnllii1Ji~t:::xt-t 
6 µJl~11Hlli7'11J£(;:j:3\, ,'"(, ~J!iH~ c Thl[:x~t~c 07 f v 
7..~~fi-:i '"(m_filzv Y _·;(@1l0~{jl*J ~;ti!l:L, p:jyfg 

0W,filz v > .x·@{j0119/;{;i0$h•b~{-Z0f511Jft0i1Jl~11H 
lli ~ 1T -3 i&!ffl ~ %t' b 0 t· if) {;) ' 

[0044] JC ( 16) w,filzv>.X.7J;>{'J(::J:IJ~ 

lJ:@fih•C_:,, f511JT 6fi~MlliT 6 i!ffi-ftMllin$:(::J.s 
i. 1'"(, mfilzv ~ .... _:;(@-ft0~ft0$1J·bttbtL6~Jt0A 
!tm-ft0iJ~i::-_)v 1 '"(, :§.-A!t?111t0%:1x~ IEfflfl:: L, :§.-ft 
0%~1*10-e-fflffl~icit: L, @/.? cTJftcTJ-e-fflffl~ i> c i:: 
f511JT 6~~0A~it~11fiJJrH::*l%T 6 ~fi~f'F.IJXT 6 
i&!ffl ~ %ti' b c7)'"(' ib O 0 

r o o 4 5 l x, < 1 7) wJ!Rv Y;;(n ;,{ 5(::J: ·H~ 
Lt~@fih·b, f%11JT 6-ft~:!mlliT 6 i!ffil~:!mllin$:(::J.s 
i. ,'"(, mlllzv Y.::Z'@it0r::p,C.,$--n'-. c mlill.$--n'-. c 0~.;z;.0 

*"ff~ t::f.lSL'"C~~oll!hf*li~~H:..t~ft~I~ b ct:: 
vft~ lli ~:t'r -3 i&!ffl ~%ts L 0-r:·.h 6 o 

r o o 4 6 l x, < 1 s) 1ru1'icll!hf*l:tc L '"(, ~t::w, 
filzl...- Y .x·@1l0119/;f;il*J0flJ~t:::xtffi L 'C ~~ 6frli~ J=;-

:L ;:Jr:Mllii1JI~~< ;z ::7 L '"( vJi~:!mlli~fr-3 i&!ffl~ kt' 
L0-za·So" 
[0047] 

[ }EElJJ0~:/ii!i0%Ji& l 121 1 U, -*}EEfJ10~:/ii!i0%1l&0W, 
filzl...- Y.--X..'7] ;,{ 7~@'.0:ffint~:iFTl2lc:·s O 0 IA]121(:::t:3v I 
'"(, 1-UiwJ.lzvY.X", 1-2!iCCDt.i-ft~@'., 1 
-3ti.lJ9/;f£;>(2ElJ (7v-L;>{2EIJ), 1-4Ui!ffi-ft11fi 
IE:mJ£$, 1 - 4 Uit; ;>{ '7~@'.fi1fl1JIE$, 1 - 4 2 ti 
1,Y/f-JL-, t-fiJ@l!f!ifl!JiEfili, 1 - 4 3 U.:::(-L1!fii£gf,, 
1 - 4 4 liB9/;fj1!fiFa'1{1=fitgf,, 1 - 5 !i11fii£~-(j (NT S 

( 6 ) ttlffl--'f 1 1 - 2 6 1 8 6 8 

C) lli1J@l£%"C··S6 6 

[ 0 0 4 8 ] mfilz v Y .x· 1 - 1 (:: J:: IJ $.ielffl 0{j ~ :re~ 
a'.Jt::l[ilf) .ibh, CC D t.ifi~@'.1 - 2 t:: J: iJ :rc~a'.J~fj 
JJ·b ~'Aa-~~@-ftFs-%z'.'.i:.nt L, B9/;f£;,{ 21= IJ < 71.,-1:,, 
.x 21= 1J ) 1 - 3 u-t0@fflft-%~ 71,--1:,,~fll'.t::1'ic'i'.!t9 

-bo 
[ O O 4 9 ] @-(t1lfiIE:mf£gF, 1 - 4 tL w,filz v Y ;;(t:: J: 

6~,Z.t_:·jlljj-ft ~tmIE L '"C5c0f;it::m-t:lt!1J£~fit, •, tlfiIE 
119/;-(j ( NT SC) lli1J@.li% 1 - 5 tL fl!J_j::£~;f1.t~-ft0Fa 
-%~Jffi'ffi0 NT SC nit@J0f-v l::'119/;fSHt-% t L "C lli1J 
To o X, ~ 0ft ry-~ :fr-%1~@'. t:: J: iJ :ff-%{1:: L 'C ~ ft 
L, :1&ll/;,ttf!!t·~-fi*:iFT o ~ c b c:·~ 6 o 

[0050]@-ft~IE:m~gr,1-407J;>{'7~@'.fi1tlffIE 
fili 1 - 4 1 u_ ff'.e":0n1uJ~1uJ\, v~;w.filzv Y 7·n ;,{ '7~ 
@'.0~~@'.fi1 ~fl!JIE L, 1,y / + Jv t-fiJ@l!f!ifl!JIEgF, 1 - 4 
2 ti, ~1i*:iF.I. 1J 7 ( -tn •J lx.tJ I •J 7) c7)), > . + 11, 

rfiJ0@J!f!i.:i:~ffi1JmL, ;;(-Lfl!JIE$1 -4 3t;L ~-'F 
~1t0tt:*:I¥ ~mum L, B9/;fJfl!JrJ111=nt$ 1 - 4 4 i:t, ,IIB 

t~1i'a0ra'10tmFa'1~1'rt,,, 119/;{J~-'FI iJ 7 ( ~ ') Jf:£ IJ I lJ 
7) 0@ftt::"?t-1'"(~h~11fiiE L '"C5c0ftt::mT:lt!1~~ 
fi-3 0 

[ 0 0 5 1 ] 1212 !i-*}EEIJ]0~:/ii!i0%JiJ0W,filz v > Xf.,r 

.x '7c:ti:f5~:ho~{*0~JtErJJ121t·.h6. 1210 (a) LL 
mJH v / ;;(n ;,{ '?zft!il::. ~[PJi. ,t~xii'.0mm v Y ;;(@ft 

i rng~:if;L, 1210 ( b) !i, *:iFX'f~0:®tfilzv>.Xl!ru 
fl i mg~, @fi7 v-L f r m0--'fffiJf'-..__~fflT -6~-=f 
~t~5'-\a".H::*L, 1210 < c, tiY!Jmn1uJfJ•01210 < b) 

0J£ z ~Jffi L ts:: 121 ~ :iF L 'C 1., • 6 " mfilz v Y .x·@ ffi i m g 
fJ{IE!1Jtf5n5'-\0@f;i0:l:,!i'., l;ill0 ( a ) 0W,filz v Y .X1@ 
it i rn g U z !fiil!nluJb· bl;RI 2 0 ( b ) 0J£~ ~Jffi L.t~jlljj 
{tc~6o 
[ 0 0 5 2 ] m_filzl,- Y .x·t; ;>{ 7 ~ x!fif!, yfilJ, z !fiill0DK 

}i~J::J::.nt:: ( z filr:nluJt::) luJtt'"(@'.lt Ve: t To c, ;~,filz 
v Y .X'n .x 'Jc:·~6:rt.6119/;-ft!i, n;T, JJK1:a0/ffl IJ 0fi!e 
~R0~f.¥.0J£01*lif!'H::, ~fflt,ffi'i IJfttt 0nt.:~x:tt~~ 
~5E L '"( 1lnff--t 6 ~ c -f}'"(·· "ff 6 " 
( o o 5 3 l -=.0J:-3 t::!t1i11*£t·01re~i:t~m~n'"(, 

m,filz v Y .x·n ;>{ '7 t::J: o Wf-ft i mg U, 1t5E0nfiJ 
( r. e. 1>) fJ·0A!1Jt6ht.:ftfJ,, 2{X5c0x - y--'f 

mt·, 5'-\ ( 2) 0~fj~fti*,t::J.: iJ*~tLo,~ ( x" , 

y- )f'-..__~-ft6:h6L0th~-t~t#~~o.;i\ 
( 2) t::J.st,,'"( BtinG1flL 1>!iUt~fiJ C:RfflfiJ) -za·s 
0 _ Uiffl,1:afiJ 1> z·J .. M Lt~iilln'mfilzv > 7·@falJ::.t::*s 
fj Lt~ t ~ 0, JJK,~Ot•b0li'e~t ( fjrisJ) z·S6 0 

(0054] 
[J:x 2 ] 
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x"=Lcos fJ 

y"=Lsin 8 
t ..... (2) 

[ o o 5 5 l !!Di:>, wJ!lzv::.,; :Z'OOii2t i mg LL 3 <X5t~ 
Jjf,f;! C r , e , 1> ) (7) li:IP 0 , -=o:5t(7) ( x" . y " ) 
,,(7)~{2tt ~ ,t 6.:. t :bit·~ 6, ieM ({jti\sJ) LUffi!Jllz 
V > A (l)Jflltl;n;i:\ (;: J:-:, -c W'£ IJ ' WJJ£ (7) lHJtl;n;f\(7) 
:t~Hri±A < 3 - 1 ) , ~OOfJUlfi;(l)tJbk!iA ( 3 -
2 ) , ~ieM!llti;(l)~kUA ( 3 - 3 ) (7) J: -3 t::*:b ~ 
h6 o '£:B, Hiv /Ac?)1*.,1,~1Ji!glil[t·ib 6 o 

[0056] 
rtx3 l 

L=fsin p 
L=2fsinf 

L=f,fi 

· (3-1) 

· · (3-2) 

· · (3-3) 

[00 57] ~2(7) (b) t:::Bt,-C, filht!lfiEL-C'*'-=r. 
T 6 OOi fjt 7 v-L f r m v')n {1l_Jff~ e , JJt~Jf.r ~ ¢, t T 
o t, *~00if2t~1,::.,;/f-Jv Hi1t2''1±-6.:. t !i, C:(7) 
{lz;l;~.(l)]!ljJfjt 7 v-L f rm~, 3 <J.:5tjjftJl*Jt·@Jll!i: Lt.: 
~kt::. .f-.:. t:::t1iti; ~ h 6 9*{jt ~ '*'-=r-1""" 6 .:. t (:: ~ftt 
oo 
[0058]Qi::>,OOiM7v-Lfrml*J(7)3~~-L 

t::11itCt~·:;1;.-;,~(7)@ff~t=x1J;51""" o, wJ!lzv > :Z'OOifi i mg 
(l),~(l)JJ,iH~~1fJE'. L • .f-(7)@f;f:J(7),~(7)eif'lfffif§%~. * 
~7 v-L f r m(l)Jjff~(l),~(l)e1lfffif§%(::t,tJ;6~ '1±-6 
.:. t t::J: f'.J, wJ!lzv ::.,;fOOift i mg ~5t(7)00iLfiH:::'3tftiT 
6 tililE:711f.l ~ 11' -3 .:. t :bit·~ 6 , fJ :;< 3 ii'. ThiL ~ tc: ti 
ThiT~ftilt,-Ct,o#fri'i-t::ti. 00iii7v-Lf rm(l)l,> 
(7)fifttinf1T_Jf.r e ~ rft5E~:'3t1t 2' 'It, x, 1-1v t- (7):J'ift 
!iDl~Jf.r ¢ ~m5Eii:'3t1t2''1±-'t', xiJ;DT .fuJ\ijJflv::.,; :Zl!ffi 
ft i m g l*J(l) 2 .;:):jc@ff~(l)e'lfffifg;-%(7) < "/ e > :f ~ fi 
,ttfJ:1.,1, 
r o o 5 g l ~3U, ffinftilt::ftilitt.:wJ!lzv>:<tJ;1.3 

(l)t;ii;OOifjt(l)jiiBJl~t·;b o o ll'tJ~lj:~IJ! v /' :Z'fJ ;I. 3 ~ 
x!lirnftilt::ftiltttc:±~~~ L 't'·~ 1.fu, .:. (l)~kw,ll!v::.,; 
:z·OOifi i mgti~l!ioot::%nx;~h6.:. c t'£6o 
[ o o 6 o] 2::.(7):t~-c-ti WJJ£Lt:J: -3 '£filhtm1Et::J: 
•L i[h(7)'£t 100iffl~*~~ 'Ito.:. c !::J:t·~ o iJi, .f-(7) 
~ ~. Th'tL(7)9*fit L -Cffi!Jllv ::.,;:z(!lfifi(7):'3ttf!~1T -3 
t, 1,> /f-1v t-(l)fift~fi--:itc: t ~ _ @Jll!i:nftiliF~~ 
(7)119t{t(7)1,> /1-,1,, r-(l)nftil U!htc:nftilt::@Jll!i:-t 6.:. 
tt::S'.'60 !!D-f:>, Th'tL(7)9*ft(l)~k, z!liilfc(l)Jf.rffi'.¢~ 
:'3t~~~-c1-~t-(l)fi*~fi--:i~ffi,ffinftil~~IJ!v::.,; 
:z·n :;< 3;,j,ftiJt ,-ct ,.fu:t~t::UJf.rffi'.¢ ~:'3tft~'lt-C b 1-
lv t- (7)ftHtt::!i'£ ~ S'.' t,, 
[0061].f-(7)~~-~~-filhtililE~fi3litr~,~ 

IJ!1,, Y XtJ :;< 3(7)ftiJ 2', tlD-f::>. fJ :;< 3~~Jf.r (::-:iv •-Ctili 

( 7 ) 1flffl-'f 1 1 - 2 6 1 8 6 8 

lE ~ fi 3 0 .:. (l)tililE:!ll!f.lttWI~cfJ ;1. 3 ~~Jt.r tililEMi 1 -
4 1 (;: J: fJ fi -3 0 

r o o s 2] ~4ti:t:!tnftil~ftiltttdc:~11!1,,::.,;xtJ;1.3 
]!!jJ{i(l)tilil[ O)fJtEIJJ~t' if) 6 0 [RI 3 (;:~ Lt.:. J: j (::mil! V 

/ _;( fJ :;,(. 3 iJ•tfi!lfilf (7) X !lfilf O) JJftiJ ~ ftiJ \, '"( \, ·; 0 :tl;it, @f~ 
* ~ y !l!!l!(l)@J iJ t::-=f ~ 9 0 &@J!J!i 2' ~, mil! v > fffifi 
00 i m g :bi z fill t fil: Thi(;: jt,V o 1n ~ t::@Jll!i:l% lJJ 6 ~ 6 .:. 
U::J: IJ, 1,.:,/f-Jv r-O}ijHtt::xt L't', WJ:i£ Lt.:~ 
(l)]!ljJ{j(l):tJbk t ~~(7):!@f.l~fi -3 .:. c fFnJff~t::'£6 o HD 
0 , WilfcJt.r Ii: <t, ~ :'3t1t 2' 'It 6 .:. t t:: J: 1J 1-1v t- :tift ~ 11' 
:i .:. t t}t· 2' , x, WI~cJt.r Ii: e ~ :'3t1t ~ 'It .fi .:. t t= J: IJ 
1,::.,;:ijHi-:~11':i.:. t ti,t·~ 6 o 

[ o o 6 3] ~4 t::~ Lt.:{JIJtt. w,ll!v ::..,:.:(tJ ;1. 3i:l'tw 
nftil~ ftili.. ,-c v,o~kt·ib --:itc:ti•, J~r.ll!v::.,; :<n ;1. 3 ~ 
1::_, T, ;ffL ffi1~0Jtf~(l)nftiJt;:fti11., 1-c 1., 1 o t 2', iBThi 
nftil ~ z , ,11r t -to @ft~*~ < x · . y , , z , ) t 
L, OOif.i 7 v-L f r mL(l),~(l))jf~~ ( x' , y, , 
z' >~*L- 2::_(7)]!!jJ(.i7v-Lfrml::_(7)B(X', 
y · . z , > t w,11! v > :z·n ;1. 3 (l)ftiJ ~ ( z flllnftil > t 
(7)Jf.rffi'.~¢,@M7v-LfrmL(l)B(x', y', 
z') cx!liilfc(l)Jf.rffi'.~8, 00i1l7J.,,-Lf rmL(l),~ 
(x'' y'' z') tyfilft(l)Jf.rffi'.~PCToc, A 
( 4) (l)@Jll!i:fi?irJ(l)Azffltl't'@Jll!i:@ff'~:'3ttf!~fi3.:. t 

i:: J: •J , 1, > / 1-,v t- (l)fifl:0nftil ~ ~~(7)9*® t -ft 2' 
~ 6 .:. t iJ,t· ~ 6 0 .:. .:. --e, A < 4 > (l)@Jll!i:fi?itJ (l)j:\ (7) 
fi7rJRx, Rz, Ry!i.f-hf:hx!lii, Y!l!!I!, zfill(l)@J 
IJ t::@Jll!i:~-9-.Z 6fi3i'!Jt·;b IJ. 11'-:irJR xU:fJ :;< 3 7 >:7. 
1vt::x1J;5 Ltc:@Jll!i:~-9- ,t 6" 
[0064] 
rtx4 l 

[ 

1 0 0 ] 
Rz= 0 c~s p -sin p 

0 sm p cosp 

••• (4) 

J 
r o o 6 5] ll'tJ-(l)nfm&rltJ:;<37::..,:7·°'1, <UL~ 

ftl > t::-:ii.. ,-c, WiicA < 4 > (l)@Jll!i:fr,rJ(l)j:\~~StttJJ 
'9 Q .:. .~ t:: J: IJ ' @Jll!i:fiOJ@ff~iJ{ ( X , y , z ) C L l 
tlF:,h.fu o <X(::.:. (7);,~:(7) 2 ,):jc@ff~L(l)JffJllz v > fOOifi 
(l)B(x-. y-)~(7)~•~ttJJ-to~J:0,00iM7 

LGE Exhibit 1003 
LGE v. ImmerVision 

Page 121 of 356



v-Ll:.0~cmEvYA@M0~cM~~~6,:t~ 
't'·~ 6 0 ~,Ev Y :x.:tJ ;< 50~@'.flJt::--:J ~ ,-c 0ttl!Ji0 
~1.JUL:L -ntt-:tt@J!l!i:fi?irJz~T6 ,:_ .t (;:J: 6~1.Ju't'· 
«> !J ffi;'.P t· «> 6 o 

[ 0 0 6 6 ] 3 {'.K~ffl0 Ji~ ( X , Y , Z ) fp 0 2 iJ:jc 
~ffll:.0mEvY-7:1!ffi{fl0,r;~P ( x" , y" ) A..iJ)~{fl 
/i, 7G9, ,9, ( X, Y, Z) z1,lji~ffl~!Jl0,9, ( r, 

e , ct, ) i=~ffii'" 6 0 ,: 0~~a, i<; ( 5 ) 0~~ffi'J2 
ffi0i<;t::J: rJ ~ffii'" 6,: c fit·~ 6 o 

[0067] 

[=£11: 5] 

r=.Jx2 +y2+t 

0 =tan'(x/y)=cos·'(x/ Jx 2+y2) 

,fi -=cos·1(z/r)=tan 1(.Jx 2+y 2 /z) 

. . . (5) 

( 8) 

./2fx,/r-z /2fx../r-z 
u fr.fx>ry2 fr.Jr2-z2 

fyJr-z fyJr-z 
v= fr/X2ry' - jrjr2-z2 

[ 0 0 7 1 ] C.:.iJJJ: '3 t:: L -C, ~.Ev/ .:z·tJ ;< 5~~@'.ftl 

0tlilHL 7G9, @ffl~IDJJJlf!I[ zfi '3 wn.=, @{fl 7 v
L f r mJJ'*eID'rlJiJ£0~:t! ( x' . y , , z ' ) z, @] 

!l!i:~ffl~ffit= J: rJ ( x , y , z ) 0~f~ i=~ffi L, .f-0 
1&. i~ < x, y, z l ~e0,¢t.z, mEvY.:z·oo1.:t0~ 
ffll:.0,¢!. ( x" , y" ) .r"-~~i'"6o ~t::;, zlfi'l!!0ftlth" 
ti.::(-L$t::ffl3i'° 6t..:i1:>, ~a"Ji::1:J: < x, y > iP0 

( X,, ' y,, ) f',_0 2 :;;:5c 2 <Xft~ffi t ~ 6 0 A ( 7 ) 

0:rtt::ffflT 6~ffl0~ffii<;U, ~t~lfi'lll@J!l!i:t::f=fo '3 ~ffi~ 
ffit m!IF!1/ y;(01?¥'t:U::ff-:i t..:~,fl~ffit z-ntt=Hi! 
i'" 6,: t t::J: 0, ~ti!@J=£t0i!.11J~h'l:RI t-;,n -c ~ •6" 
r o o 7 2 l ,: ,: ·e, f'Ju~c0i11ua:i::J: 0 */5bt..:mEv Y 

A@{fl0~ffll:.iJ),9, ( x" , y" ) z ( u, v) t ~c 
To ,:0~:t!,¢!. ( u, v) zi'ltbb>t;:fiiFa'ii'"-iSt.::/50(::, 
J..::J.T0J: '3 ~tlflFJlJJJ1I_!!!zfi'3 0 ~1flfg;~0 3-e0-efffffl 
,g;~ret?:i'-zY. u, v t L. ,¢!. < u. v > 0+tt.00nx; 

1flffl--'f 1 1 - 2 6 1 8 6 8 

[ o o 6 8 ] 3l! i::, @Jffifff¥1flJJA0~JllH,, Y .:z·0~ 
ii, i<; < 3 - 2 > 0i<;t·~~n.6l::/5b, ,:0:rtzi<; 
( 2 ) t::{-tA i'" 6,: .t (;:J: !J , i<; ( 6 ) 0i<;h'tlbh 

60 x2 +y2 +z2 =x· 2 +y' 2 +z' 2 =r2 

t·«>oC:.t&tt:rt c 5 > 5et::=ftrrm~0~21s::rtzfrJfflL 
-C. :it ( 6) 0:itti:it ( 7) 0:it0J: '3 t=ffi~{t~h 
6¢ 
[0069] 

[J:x 6 ] 

x"=2fsin j_ cos 8 
2 

y"=2fsin j_ cos 8 
2 

[0070] 

[J:x7] 

/2fx 

}-./r (r+z) 

fify 
. . (7) 

Ir -/r(r+z) 

} ..... (6) 

%~,Yu, v,Uu, v.Vu, vcL,X.~ 
( U, V) 0~t~ftx;~"U, v0/]\~,¢!_~-f:;JJ".JM'illm:X 

1tLt..:filiz u o. v o t L, ~e < u o, v o) 0,¢!.t:: 
t::;tt6-e'tf¥f1Fs~Y0{il[zYu O VO CT 0 0 [oj:f,JH::, 
-effffflfg;~ U. V(::--:J\. ,'"( b U u O v O, Vu O v O i= 

J: I') foJ1*~1*J~z*T O 5e(::, ~f~.lvtn'-u > V z.-fh.f' 
:i'vJ,J:ic¢!.z-l:;JJ !'J J::Jf Lt.::{il[z u 1 , v 1 t L, .f-tLt::M 
~Lt..:~r~CT)~'twfflf§~Y, U, V01i!iz, .-ftL.f'h Y 
u 1 v 1 . U u 1 v 1 , Vu 1 v 1 c~To .-f L l, ~ 
f~ftx;-:$-)'·u . v 01N[-z-lm z .f-h.f't1. du, d v t T 6 o 

[ 0 0 7 3 ] }._jJ~{:i{§~~:i\ ( 8) 0-{J(~ffi0:itt:: 
J: !'J fiflFa'i L -C? '>' t° Y :7··T 6 C: c t:: J: !'J , i'lt 6 fp~ JOO ffl 
z~jf-~ ~ -iS c:. c 1.l''°c' ~ 6 o 

[0074] 

[J:J/:8] 

Yu.v=(l -du)(l -dv) · YuOvO+du(l-dv) · YuOvl 
+(1-du)dy · YuOvl +dudyYulvl 

Uu,v=(l-du)(l -dv} · UuOvO t-du(l-dv) · UuOvl 
+(l -du)dy · UuOvt +dudyUulvl 

Vu,v'-=(1 -du)(l -dv) · VuOvO+du(l-dv) · VuOvl 

+(1-du)dy · VuOvl +dudyVulvl 

. . • (8) 

roo,5]~~,mEvYAtJ:<50BMI~7~ 
G. J\i\tEv YXIJ ;< 50;,5 ;<-;tt·S6@Sg:r,(.,fi'[@'. 

( X b as e, Yb a s e ) &V:-J~t¢!.fi!ei1JIH::MJ;G Lt..:fili 
f z g~:fmttii'" 6-¥$(::-::>~ •-CfJlBJJi'" 6 o WI~ciJ)J ,5 ;< 
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- Y t:tf~rJUH/ / ;:( iJ ;>( '7 OOi {Nl 0) .ffih-tllfi.H: :B ~ , 'Z rem ~ 
fl.01,5 ;>(-Yz·«> o 0 

[ 0 0 7 6] llil5UmJIHv/;(77;>(70)J,7;,(-y'fmtti 
O)~w_sJJllif-z"i:i'> o O fAJllilt::B ~, z s - HimJltzv /:::(n > 
70)fJi{]lI lJ 7' 5 - 2(imJl.lzv /_::([iffi{~I 1) TC'«> 
o" rlfNl:®'.l!Hv / ::<~ m~ ,t'2'.IJ ;,( 'JO)t,;i,tx IJ r 5 - 1 
ii;Jt:!i, P3JE;o:i;tiJl.lzv / _::Z'Ilffiftx lJ 7 5 - 2 fii!Wlll ~fl. 
o, ._: O);ijr,111zv Y .:::([iffi{]l-.I 1) 7 5 - 2 lilJ ;>( '7t.1&f]lI 1) 
7 5 - 111;JO)JiJrJE'.O)ffi-iiit:11ti!!IJ~tL, .3L mJl.lzv /::Z,:1ilii 

{jI l) 7 5 - 2 O)JHffHi3tiJ"i'Bi L,;r~ •f'2:/il);:jp~(;:*f_!_l 
o:i-(Jf;~,x 1) 7 c ~o o 

[ 0 0 7 7 ] -f- ._: '"(·, iJ ;>( 7 tftf]lI I) 7 5 - 1 C)~-pf;;(: 
-:)~ •'Z, 7-K-'f'&U'*TI[O)-f-fl.7c''il.0nfPJ (.;:lffl L 'Z t :Z l-
7'' 7 L ~ fm tt L, m!IH v / fTIID®x •J r 0{1L-iii&rf--z--O) 
-¥-f¥~i!!tl5ET o..: t iJ,'t'·t o. 
[ 0 0 7 8] 7.Kfnrtrl0t:Z t-7··7.b.H h ( n) t :!If[![ 

nfP]C)c:Z ]--7''7.b.H v ( n) t t:lfflL '""[J@_!_l~iflfiT 
h, T v ~~JE L, ffl{j-.I l) 7IlffiffijC)jmfl'!iffiiJ,f:, L:Z r- 7·· 

'7L~?!!tlfE'.L z:aum:!mfrf[T v, Th ~~T1,~:~~* <l 

oo 
[ o o 7 9] -f-O)J,~~7-K-'f', *TI[-f-il.Yc''tL(:t,tL 'Z 2,~ 

f-:)1!Btti l-, 7.Kf c :Z t-7··7.b.f.;>f:,:@.!JR-v /_:::([iffifjI l) 
70)~YiffiX 1 e f t&rfti:fllfilX r i g ht 0,~~t~iliT 
o ..: t iJ{c' 2' o 0 .3C *TI[ t :z t- 7·' '7 L tP t m,!IR-v / __7~· 

[iffifj-.I 1) 70..1:::JifilY up &{lrl'!iMY down 0,~~ ~tti 
To..: tiJ"c·t o 0 

[ 0 0 8 0 ] J::.icf~t!JR-v / __ ::Z,:'[iffifjI l) 7 C)~l'!iffi X 1 e f 

t,ti~Xright,Yup&rfr~Ydown0.f
il.7c''il.0{ll.@'.iJ,f:,, 7KfnfPJO)-¥-f¥R ht *Il[1frtrJ0-¥
~R v c ~A ( 9) ~J: tJ 11BiliTo ~ t ffiZ~ o. X, 
Ilffifji:f:t{.,{ll.@'. ( X b a s e , Yb a s e ) UA ( 1 0 ) 
(:J:. I) 11BiliT O..: t fJ>'Z'Ef- 0 0 

[0081] 

[{-1[9] 

Rh=(Xright-Xleft)/2 } 

Rv=(Ydown-Yup)/2 _ 

[0082] 

[J:H o] 

.... ' (9) 

Xbase=(Xright-i-Xleft)/2 l 
[ . . . . . (10) 

Ybase=(Ydown t-Yup)/2 J 
r o o 8 3 l m,l!Hv / __ ::(Ilffiftx u 7 s - 2 !i~-::,'fs:i'r{Jt:ii 

r1mc·ib 0, 7J<-'fJJrtrJO)-¥-f¥R ht ~TI[J]fPJCiJ-¥-f¥R v 

t U~ L- < , Rh = R v t ~ o fJ>, C C D ~0t.1&fNl~-r 
0;fliffJJJfPJ0)7 :Zf'Z7 r J:r,O)~H(:J: tJ , 7.KfnfPJ0-¥
f_¥:R h t *Il[1frtrJO)-¥-f¥R v t (:t§~f.l{1:_ t 6;%~1,;'>';b 
o, 

( 9 ) 1?¥1fflf 1 1 - 2 6 1 8 6 8 

[ 0 0 8 4 ] :*'!JR-v /:;([iffif]lI 1) 7 5 - 2 0-¥-fI:R(i, **' m,!IR-v ::.,.:z·0Mc~~t!~ n:J: "") tJE't ofi!i-z::·--, ffe!J 
x..t:L 1rnt~nAv'):®t!IR-v /1.:·c·UA < 1 1 - 1 ) c'*. 
~il., ~ooa:JJJt~nAO)m!JR-v / fctiA < 1 1 - 2 ) 
c'*.~il.o 0 

[0085] 
[J:U 1 l 

R=f 

R=/2f 

· (ll-1) 

· (11-2) 

r o o s 6 l i!E""J'Z, flirJ£0m!IR-v/'f00ifNl0@e..1::.0 
J?. < x" . y" ) ~*bboA ( 6) v''J:r\'.:0itlf(:t::;t-·\ 
'Z, 7-K-'f'JJfPJ0-¥-f¥R ht *TI[1f[PJ0-¥-{¥.R v t ~=ffi~ 
ti1:. t 0:t:-!b~. ~,gJi'eM f 0,i11.t L z1nJ-0frf[~remT 
o,.::: t,;r<, 1frtrJtti:?J<fnfP10-¥-{¥.RhXtt~Il[JJfPJ 
Ci)-¥-f¥R v 0{i!i~, A ( 1 1 - 1 ) XtiA ( 1 1 - 2 ) 
O)RO)fi!it:fi'.:AT o ~ t t:J:. I) f O)fi!i~@lE L, 7 :Zf'Z 

7 l- J:t.0~ t-, ~~Ji: L t'2::@.!IR-l------ / f0ffih-1mlE ~ 1'r -3 c: 
t ;a>'"(' El- 0 0 

[ 0 0 8 7 ] lli[ 6 ti*JESJJO)ffi 1 O)~Olli0%JiJO)fH1J® 
~tti~@'.O)ffll£~jy-;Tllif'Z·--J6o o ll'tJllilt::Bt- \'"(, 6 - 1 
Um!IR-l//A-77>7, 6-2. 6-3ti7v-LJ\•'J7 

I, 6 - 4, 6 - s ii 71-------LFaJ~--n'---itllmL 6 - 6 ii 
vff~il!h7'--7''!v, 6 - 7 U'rlff~11Biliffilt'·;b o o 

[0088]:®'.!IR-v/fiJ;>(':76-l~J:tJffl~L~OOi 
,tfg;-%~ffi 1 07 v-L1{ ''/ 71 6 - 2 t:rt*fl L--. ffi 1 
0) 7 v-L1{ ·'} 7 I 6 - 2 i:r§tfi Lt'2:00ifNlfg;-%~ffi 2 0 
7 L.--LJ{ ·1 71 6 - 3 t:t~P'JT o o ffi207 v-LJ\ 

·:1 7 7 6 - 3 (:!i 1 7 v-LM"000ifNl{t-%ii1r~tfi~h 
0, 
[ 0 0 8 9 ] -f- L- '""[ , ffi 1 Cl) 7 v-.b.J { ''/ 7 I 6 - 2 t,;, 

Gtt:1J~:h.ol®1Nl1a-%tffi20)7 v-L1{ .,, 7 7 6 - 3 
ii• G tti :h ~ tL 0 ffif]lf§-% ti: J: •J , --z--0) 7 v - L Ffu'i~:fr 
~ ffi 1 0 7 v-.b. f'dl~'.n'---itll$ 6 - 4 i: J: tJ itll L, ff; 
IIJfjl:xtL '""[-j:_Ef- ~frf[t~o 7 v-Lf'a'i~--fr{t-%~ffi2 
0)7 v-Lf'a'i~frttla$6- 5 t:tt:hi'" o o 

[ 0 0 9 0] ffi27l7v-.b.f'a'i~-:n'1tllffil6 - 5!i, ffi 
107v-LFs'i~5:i'·Hla:$6 -4 f.l,t:itt:h~ft.o 7v

Lf'a'i~-:n"f§-%t, 'riff~il!h-7'--flv 6 - 6h>Gtt:h~il. 
o1lJi~t:t,tJ,GLtdrl[t (:J: •J, 7 v-Lf'a'i~-:n"1a-%t:1l} 
~i:J,Gtt'2:il!h{1ft~;'f=ft,1, -f"-O)f,§{}~fl!'l~11Bttiffi16 -
7t:tt:fJTo, 
[ 0 0 9 1 ] 'rlff~11Bili$ 6 - 7 Ii, fl!'l~t:J;6 tJ:il!h-11 

it~~71,.,-Lf'dl~-:n"1a-%t:J:. tJ, fJjjj{j0~tt~1T 
"") 'Z~tti 7 7 7'-(g;{}~ tt:1Ji'" o .t t l i:7c0~tt1lJlt~~ 
11Bili L-, 'rlJl~ffH!ff~ ili:1JT o o 

[ 0 0 9 2 ] llif 7 ti*JES}JC)ffi 2 O)~nlliC)Jlj~C)ff;IIJfj 

~tti~@'.O)ffll£~jy-;Tllif'Z'J6 o o ll'tJllilt::B ~ i 'Z, 7 - 1 
U:®t!IR-v/ :z·iJ_;,< 7, 7 - 2, 7 - 3U7l-------LJ\•_'! 7 

/, 7 -4 ii7v-1~ra,~7titllffil, 7 - 5 (j:7 v-.b. 
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l*J&ii'-ft'!aiffL 7 - 6 !itb~!JMll:Jtl:liffL 7 - 7 tHJl~ 
hf-- 7''/'v, 7 - 8 (iffi~M! tf:l-ftJ5E$, 7 - 9 iil!Jl~ 
tl:l$1:'' &) 0 0 

[ 0 0 9 3 ] m.!rn: v Y ;( 77 > 7 7 - 1 (;: J.: 0 fm!iH.J . .:: OOi 
fflf§°{:}2:"ffi l 0)7 v-kJ\ ·;1 7 7 7 - 2 (.::1%if*I L, ffi l 
0)7 v-kJ\ ·;1 7 7 7 - 2 t::t~11LJ.::Illiii,ff§°{:}2:"ffi20) 
7 v-k)\ ·;17 7 7 - 3 t=t~MT o, ffi 2 0)7 v-k)\ 

·;17 7 7 - 3 t::tt 1 7 v-k WJO)@fflf§°{};o-r;t~*11~n 
-ib 0 

[0094] f-L--C, ffil0)7v-LJ\·.,777-2h" 

G tl:l1J ~n-ib @fflf§°% tm.2 0)7 v-k)\ ·y 7 7 7 - 3 

i?' G tl:l 1J ~ h-ib OOi faf§ % U:: J:: 0 , .f-0) 7 v-1:,. Fe'!~'-
2:" 7 v-kFe"J&)J'-Hl!'lm 7 - 4 t::J:: 0 HJ! L, fH1Jfflt:: 
xt L Z *~ ~fl c ~ o 7 v-kFe'i&ii'-f§°{:}2:"tb~!JBM!tl:l 
'Im 7 - 6 t::tl:l1J't"-ib o 

[ o o 9 5 l 71,,0 -kl*1&5:i'-Hl!$7 - 5 !.L ffi 1 0)7 

v-kJ\ ·;1 7 7 7 - 2 b·G tl:l1J ~h-ib 00ii~f§°{}0)7 v

L l*J0)&:?12:"itl! L, 1aO)~!JB'lmc:k2> ~{ii c ~ o 7 v 
-kl*J£5t1a%2:"t1J~!JMll:Jtl:l'lm 7 - 6 t:: tl:l1JT o o 

[ O O 9 6 l tbfffii!JBM!tl:l$7 - 6!i. 7 v-Lral&:B-H 

;1!$7 -4ipC:,0)7v-l~Fe'!£-:fr(§°{!},::, 7v-L,.l*J£ 

ii'ltl!$7- 5ipf:.,0)7v-Ll*lkn"f§°%c 2:"~:!Brai'i
~-tt, filn!JB'lmh'~llffi~htc.::f%t1Jf.iO)f§°{}2:"1:.JvtL, .f-0) 
1§%2:"vJl~.fmtl:lftJJl:'.$ 7 - 8 t::tl:l1JT o o 

( 1 0) :tflffl--'f 1 1 - 2 6 1 8 6 8 

[ 0 0 9 7] vJl~.fmtl:l'¥1J5E$7 - St.L tbfi¥i!JB.fmtl:l$7 
- 6 iJ•Gtl:l1J ~ho~!JB$iJ<:iJ~~~htc.::f%11JfflO)f§°{} 
t. fiJi~mh'r-fJv7- 7:0'0tl:l::h~h01JJi~t=xtr5 
Ltc.::f&:c t:: J.: 0, lYl1JfjO)f§°{}(::vJi~t::r5 t tc.:::m:hf·Ht 
2:"fiJ..,, f-0)1a%2:"vJl~fl!Jtl:l$7-9t::tl:l::h-too 
[ o o 9 s 1 vJtiYx.fmtl:l'lm 1 - 9 ii, ffif~t=f.6 t.J.:::m:hf1 

it 2:" ~sr:)f_f t1JfflO)f§° {}t:: J:: 0 , lYtbfflO);f:ffe.!tl:l 2:" 11' 'Jc~ 
::±::7'7?1a%2:"tl:l::hTocct~f-O)~tf:lffi~2:".fmtl:l 
L, vJl~,~~2:"tl:l::h-t o ., 
[ o o 9 9 ] [RI 6 &tl[RI 7 t:::,r; L.Jc.:::;;t;j"eeJIO)~nt!!O)'JB_liJ. 

O)f.yjjJ{i~ tl:l~@f ti' f%t1J{~O)ffij~fl!J tl:l (;:;tJ \. \ '( µJl~t= 
xtr5t., Zll9cf.i1a{}(;:;m7-;.f1it2:"1'JJ..,, m.lrn:v Y.7-J::J:: 6 
IlliifflO) ilih t:: J.: o tw tl:l H '7 > - :7 (§° {}.r.-.O)Ji?',f 2:" f-5;~ L 
--CJ..io, 
[OlOO]U0,~m, n7v-LO)II9cf.iFa{!}P 

n ( X. y) C n - 1 7v-l:,.0)1!9c(j(§°{!}P n-1 ( X' 

y) ::: 0)7 v-LFs'i£5:i"Dn ( x, y) 2:"itllT0~ 
t:: , 5:\ < 1 2 ) t:: J.: rntl! ~ 11' -3 iJ', :;;t: §'eeJI ! i, m.!rn: 1., 

:../ 7.:·@•0)ffi~t=xtr.6 Lt.::*rU)!.f!l:Jtf::O):m:hf*~w < x, 

Y ) 2:"fgllfi Ltc.::ffit~mkr-f1v 6 - 6 . 7 - , 2:"Vm 
;:, 0:.0):mh{J~W (x. y) 2:"Mlic7v-LFa'!£ii"D 
n ( X, Y) (;:*.t:t.::f&:Gn ( X, Y) 2:"ffiJ..,'(:f.yti)fj 
O).f!l:J tl:l:!@J:J_ 2:" 1T -3 0 

Dn (x, y) =Pn (x, y) -Pn-1 (x, y) · · · (12) 

[ 0 1 0 1 ] !!01:> , [RI 6 (;::,r; L ts: ffi 1 0) 7 v - L Fe'!~\. 5:\ ( 1 3 ) (;: J.: •J , C:. 0)1?fffi:i:: D n ( x , y ) c mJl.l:t v 
H'!a$6-4;o>Gtl:l1J~:h67v-LFe'!£ii"f§°{}, Xii y_:;([ilijf.iO)ffi~t::J;Gtt.:::m:hfi~w (x, y) cO)flG 
[fil7(::~L..fc.::tbfffii!JMll:Jtl:l$7-6;o>f:,tl:l1J~tt67v- n ( X, y) 2:"lYt1Jf.it1Btl:lO)t_:<'i)O)~ffi.iic L-CfflJ.., 
LFe'!£ii'-&tf'7 v-Ll*J£5:i'-2:"rl:!B*~ii-~i:tt.::f§°{}2:", 6 o 

fyjjJfj.f!l:JtfjO)f_:ci)0)1~ffi.:i::D n ( X, Y ) 2:" CT 0 C, 
Gn (x, y)=W(x, y) ·Dn (x, y) · · · (13) 

r o 1 o 2 1 C:.O)J.: 3 t::m,ffl 1,,, / 7.:'l!IDfflO)µJt~t=r5 t -c *t·&'> .s t.::M), ~eJI'tft,J![fM:i!iit.:r. 1J rF"Jt::Y-.o c: t t, 
:m:h111t G:rtt.::1~1$!.:i::G n ( x, Y ) 2:" ffiJ.. •c.fmtl:l 2:"11' 
J WJ.t::J.: IJ, mlrn:v Y .7~·@11.x u 71*JO)µJt~tH::xtJ;G 
Lt.::'tffiffiag~? .::z Y .&u1illfflf:ift2:"t=r -3 c:. t ti,c::·~ 6 0 

r o 1 o 3 l [RI s amirn: 1., / 7~l!llifNtO)ffi~t=lli tt.::mh 
<Jt-zw < x . y ) O)fjG8JI[Rlt· &'> 0 " fAJ[fil iim!rn: v / 7.:lmi 
{tO)µJ{~l*J 2:" 3 "'.)O)µff~ 8 - 1 , 8 - 2 . 8 - 3 t:: %all 
L, 2:"vJl~S - 1 t::U;m:hf*~o, vJl~8 - 2 t::U;m:h 
fJJ:H, vJl~8- 3t::amhfJlt2 ~i'ltJ '3--Ct~0lJ~:,r; 
L--c1,,,,o, 
[ 0 1 0 4 ] m.O.lz V Y.7.:l!lli(~O)mJ.ill$5:i'-cU$1(.,$71(;: 

J:t,, --c fAJ~ffifflJJffi~f:M\ ~ ~µJl~t=~~~ :ho o f-0) 
t~M)Nfl.ill'lmt=t-ift 6'.f%t1Jfl~tl:lO)ffl&h'ilET'"t 6 f}, ffl1 

,ill$0):;m:7-;.ffi~W ( X' y ) 2:"*2' 'Jfili C L '( t3 < c:. t 
t::J.: IJ, ffl.l.illMit::t:;it offlJ'.l1JfT2:"tmit-t 6 c:. t t,-z:·2-
6, ~t::, :iffim, fflJ.illMi,frt;:J..)tj;jfflh'1¥ttT 6liii:¥t1~ 

1,,, 10)c·, ffl.l.ill'lmii'- 2:"7(2> ~(ill 2:" c L, $1(.,$5:J'-·e o t::ili 
J..,f&:c L--C:b<" 
r o 1 o 5 l x. mirn:v:/7.:·77 ;,< '71:'tH:iHilI 1.17iJ1!1: 

~ 1., 10 c:. 0) J:: -3 ~tl.ii'tt· t t-aJil'!lffi~ffJ'.lO):@J.. \ 2:", 'tffiffiag 
~iiJlf!J!;l? .::z Y t:: J:: 0 tiff 1:1'. L --C f%tilf*O)~~te ~ 1Jf~ ~ i:t 
6,:: t;t,-z:·~ .s, 
[ 0 1 0 6] µJ{~~fllltl:l'lm 6 - 7, 7 - 9 U, ffi~xtr5 

O);t,:hmtiJ-,~htc.::1~ffi:i::~, -f'ci)~Jl:'.~ht.::lfflfii ( T 

h rn) c J:t~T o c:. ct:: J:: 0 , A!r>JJfj'tfO)ffl~tl:lflJJE:!@ 
fJ. 2:"1T 3 o c:. O)(i~tf:lftJ5EWJ. 2:"fF -3 vJl~.fmtl:lWJ.Um, 
fflv Y.7.:'[ilijfjO):£:JlIDOOt::"'.)\. •--Ctl'-3 o 

[ o 1 o 7 l [09 tiffi~.fmtl:l~:ht.::A!tb!J'tfO)f*O)lJIJ2:"~ 
T[Ric·S o o l;filO) ( a ) tim,!rn;v Y 7.:'[ilijfjI 1) 7 ~~ 
L, mJIN: v Y 7.:·t; ;,< '7 i,>;j:JL.l::.'tft;:J::. 2:" fllJft-C@fiJ>h, .f-
0) 77 ;,< '7 0) Jffl 0 (.;: 4 )-.J> ,A}lwh"~ f.t L --C P 6 #;i';-O)Ji\tlrn: 
v Y 7.:'Illiif*O)lJIJ2:"~ L --C \.10 o 9 - 1 Jj~ 9 - 4 !iJ,:'tbJJ 
f*~tl:l.X l) 7 (A) J:r~:.A!tb!Jfj~tfjI l) 7 { D ) "('&') 

o" [RIO) ( b ) !im.!rn: v;.., 7.:l!llj{iO)}..!tb;j(jCTJ:fBiX~lF 
L' A!tb!J~ Tf!IJliJ•Gm,lrn:v ~/ 7.:'c'fl~ Lt.::#;i';-(::!i1*~ 
'lmil'-ft < , l.liftfi!IO)m 1., ·~i=t:iBiicO) J:: -3 ~:!Bix t ~ l'J , 
A!tb!Jfl2:"~:!Bttt::lE:mft.T o c:. c t,1:·~ 6 o 
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[ o 1 o 8 l ERfO) ( a) t::~-t J: -3 7£:*JUH/ ::.,-,;;(ffi~I.. 
lJ 7 0) 1 ,,x - SJ J::. ~ 5 7.. 7-7.. q:- -v / L , },J1111£U:: L 'Z 
O)t~:m:i:O)*~ 1,,,1,~~:tY!ttT o t, -r:0!!:t.:Jpt, T1f,,mg. 
21:ff'JttO)J: -3 i/JB0ft0tw*~:fi'v•, i-01ll'iJ~~tJPJ tt 
To 
[ o 1 o 9 l -tUtJ tt~:htc::mU~t::ML T.*~ ~1~:XFWJtt 

t=~viT. 0~i't~fr1, ,, J,!thlft0)1lJ'l.~t·s o iJ,c:· -3 fJ·O) 
'f!JJE'.~:fi'-3 o 1"1't.1:t!R0~f11!.~~~0)µJ'l~t::ML T.1"1't.lffi!f?;:~ 
f_l! L, ~JJ.O)Nf:m{KliJ':tY!tt ~ :ht-:: t ~ tl:~JiO)A!tm~O) 
1"1't.lffi!ftJJ tJ tt L ~:fi'-3 Q 

[ o 1 1 o l .>C ilfil,;z0tUfJtt~:htc::1ll'l~t::~1,,'"(, ERi 
0) ( b ) t=~T J: -3 i/}~!tmO)!lJ!TI'HflL i*,®;tm&rFi*risJO) 
i-h-f':fl.(7)/'{7 ;-{-7 &rFi-01*11.l!IJO)e,7'-7 ~tr.ti& 
U'risl ~ 1f[n](::--Jt/7° 1J ::.,-,,;;··Tb.: t (::J: 0, ffi{1*'tlf0A 
!thJfKl~JllJ0tc::lt:i0)7'·-7 ,<._-7.. t Tb . .:. t fJ'>c·~ b o 

[ o 1 1 1 l tlf:!tt~ht-:~fn.IiJ·t:,A!tm~~01lJ'l.~~tlf:! 
ttT 6 ~fj_(;:lffl LT. ii, ~:;$:a,~t::J:ffim-0 tJ ;x 5 R9t~ c'O) 
1tl'l~tt0tc::lt:i0)71v::f1J .::<.1~~1'1:!J:Jl9 o = t t;,t·t b 
IF ffe.JllH/ > ;;(@ffiiJ,fIJJB(;:~atJ L T.ii!ic:li:~ :h 'Z 1,, b tc:: 

lt:i, mH~~ffi~nf!iT£-~iJ,s o 0 

[ o 1 1 2 l ~W:~01fi*c L T.tJ.T0=~01fp;.iJ, 
ib b o ffi~0)1fj.\'.J~L ffe.Jllz v / ;:(jffi/{1* ~ , 3 6 0 & 0r, 

/ 57~f1*t L--C ~ffi~ffi~;/1fc::~f1*"'-c:¥1*~ffi~1'r 
:i :1fA-c··.:b o O c: 0:n:r,J:tfIJID:O)ffe.Jllz v > __ ::(fnf1*I.. 1J 7 
~ 'l;e%I.. IJ 7 "'-~ffiT 6 0 

[ o 1 1 3 l ffi=0:np;.t L T.,:t, µJ'l~tlf:!tt~J:ffiffi'05 
7..:7-7..~-t'>c LT.~L, JE~ffi!f0~:t~-*:0h~rnt 
Ji:J}l[W: ( X, Y) :i)>t,~f~ ( r, 8) '"-C~ffiT o1f 
P:,c'ib 6 0 !!Pi::>' X = r C O s B . y = r s i n 8 t L 
l µJ'l~tlf:! ttO)~f_!j[ ~ :ff -3 O 

[ o 1 1 4 l ffi~01fAtL rv 5 7~{1*(;:wllffl-t 6 tc:: 
lt)O)* ~ i/ f=E l) fJ'>£-~t=i/ 6 ):i\i};'>;b b fJ'>, ~ffif~!i 
Jfflffi'0@f~t::M-t 611l'l~tlf:!ili~J11!.~ i-0 :i i J!ffiffl-t b c: 
t iJ,t·t o O m=0:nAti~~ili~f11!_ffi!ft=mt::J}l[m~ 
ffi~:fi1., 1i/i)'•t,~f11!_ Li/tt:htf'd:" t,7£1., ,iJ,, 1'1:!ffl-t 6.:x 
t 1) .I !it'it [!!!ft L 'Z 0ffe.Jllz v > ;;{jffi/{1* ~ 1'f-. .z 6 ;x t lJ .I 
0h'Z:·J: < :1 ::/J,,Y r-i/~7.. f'L~-fi!J~T b C: ciJ'c·~ 
-t>o 
[ o 1 1 5 l -f L 'Z , t~ffi:i: ~ tlf:! ili L , J::. Tlfflfi~, I& 

:ffiO)R9t{Kl0ffililfflf;H.-:.rlJffl L 'ZµJ'l~O)~~~J_l!~;ff-3 o 

WIJ .z !:L ~J::. ~ r/rJ 1., ,tdtdl.lz v > ;;(tJ ,,x 5 0~~!i, :®IJl.lz 
v / .::z·@fj_O)tj:i,(.,~ J::., Jfflill ~T t Lt-:R9tf1*0){JL@'lffli* 
~ ;frJffl LT. ffi~~ ~~ L, i- 011l'l~t,1rit11*iJ· G A!tmf1* 
t::~ft t.J-:{lJ'l~~tlf:!ttT b o 

[ o 1 1 6 l A!thJ0fiA~O)f_HJJfKlO)ili~~J_l!t::1ffl L 'Z 
ti, tJJ 0 tt ~ tttc:: ~Er:Jf'JttO) J\)f1!Jvl'l~F9 ~ J::. Ttr.ti t::WJ 
b -:> 'Z iR:lt:i t.::, tdc::-5:i'-~IJl:zc·~-5:J'-T b t~-=f-,~ ~ :ll-ili L , i-
0t§-=f-1,~c·O)-e·tw¥&-ft-ry-~ A!tm1*0)~fn:i:t L 'Z ~#T 
b O ,f LT.' C::O)},JtmfKlc7Jt~M.it0:!rif~f_l!c;A!tm~O) 
t,J •J ili L>'l!f11!.c ~f:f~0ffi!fFs'1Fs'i~cJi 0 ~ Lt=r1, ,, ~It 

( 1 1 ) 1flffl--'f 1 1 - 2 6 1 8 6 8 

O)A!tmf.iti\*,ll!v > 7~·;1; > 5fn1*I.. 1J 7r"1t=f¥=ttT btl, 
~-·ci, 1}J,.!thI~~100JJ1Jt::jm't- 0 c: t 1J,-r:·~ o 0 

[ o 1 1 7 l ERi 1 o 1:l::;$:JeBJIO)~ni!!0%nJ0A!tm~tlf:!tt 
1rrctriR:JE'.0Mf_l!07 o-+.,,,.- r- t·S b o $'cf, mll!v 
/ ;;(ffi11*F90A!t~{~'(fO)t]J !) ili L;lll!,fj_(J):17 / ~ ~Jcj-..z 
( 1 o -1) , 7v-Lt::~v1T.0,v-7"-!ll!f_l! ( 1 o -
2) l::J: 0, 7v-LFs'i~-5:i'-t::J: bXt:l:7v-LFEr'i~-:fr 
t 7 v-LF"J~-5:i'-t t::J: 6} .. !thJ{1*~0~:J'Ji.I ~Mitt L 
( 1 O - 3 ) , ffe.,ll!v /;;(ffifj_r"JO)~~t::Mr5Ltc::£h 

11!Hl!J_l!~ff\., ( 1 o -4) , :®i,ll!v>7~·@oor"J0)5Y.. 
7-Jv-7°Vl!:fJ.~1'r\.• ( 1 o- 5) , ~:f.ilt~~:tY!ttL 
< 1 o - 6 ) , ~21%1::_0)I.. lJ 7t=~i.. ,-cmll!v > .::z1iffi 

{1*0)~W:~ffi~1'r-:iT.~,~~tlf:!tt0~f11!.~1'rl,,• ( 1 0 
- 7) , tffn,~iJ>;b b iPt.'-3 fJ>~flJJE'. L ( 1 0 - 8) , 

tfMifiJ'ibotl,~t::i:t, tlf:!tt;,~~ii/f:t;;L ( 1 o- 9) , 

( x . y ) J}l[W:01lJl'.~ 0:&::k(&: c :ffuH&: t ~ ~r.'li'. L ( 1 
o - 1 o) , fi:itt51 >b·c-3 iJ,~frJJE'. L < 1 o - 1 
1 ) , fi:it:t51 >Z·Snt:f~TT b ( 1 o - 1 2) o 

r o 1 1 s l WJ~c1ittt~iJ,zb 0 tp c:· -3 iJ,0f,JJE'. ( 1 o -
8) (.;:;t:.n,T., tiM,~i.J,~\.,tl,~, ~JJ.51 >~mLT. 
ttmirfJ1i/i,,,iJ·c-3iJ,~'f!JJE'.L < 10-13), ~mL 
'Z~~t'nJ~iJ,i/1., ,~~ti~~~~ tJ '7,:,; r- LT. A!tm{lJl'.:bx~ 
~cffi L ( 1 o - 1 4 ) , WJutO)fi:it:'! 51 >fJ, t· -3 iJ>O)frJ 
JE'. L ( 1 o - 1 1 ) (.;::ff b o 

r o 1 1 g] WJ~c~Jx5 -1 >~m L --c~:f.ilt~iJ"i/1., •b'c· 
-3 ir,O)fiJJE'. ( 1 o - 1 3 ) t::J31,, 'Z , ~~ 51 > ~m L 
-c1.,,i/1ttu:r1ru~c~u1,~~:mili't- o~f11!_ c 1 o- 6) i:: 
~0 0 )C WJ~cfi:i/it5-1 >iJ·t:· -3 h·0f,JJE'. < 1 o - 1 
1 ) t::.t;i.. iT., :&t%t51 >t·i/1... t NiWJ~c1tv&ir~:m 
iliT b~f11!_ ( 1 o - 6 ) t::~b o 

r o 1 2 o l Nrmf1*0ff1±~~~tmili't-o t, i-0~~ 
n·C:,ffe.,11! J../ > ;;(ffif1*~tlltIE L 'Z ~~Tb t.2lt:i0J,5 ;x-
7 ~3l<lt:io = t fJ,z-~ o O ER! 1 1 t:t::$:J'EBJ10)~nf!i0)11J1i& 
O)'tiJ'lf~JJ 0 ili L?SUF~~@ffilfl=Jvt ~t'r-3 -fi!Jlvt0~JiB]ERf'Z' 
ibbo 1"1't.lrfilt;:.t,1.,1'"(, 11-UHJ'l~tlf:!ili~IL 11-2 
U{lJl'.~tJJiJiliL$, 11-3t.i~ll!v>7-.:'@{1*1,5;x-
7iR:JE'.tm, 1 1 - 4 !i*;if.;ffiffilftlvttmt·S b o 

[ o 1 2 1 ] 1lJl'.:bxtlf:!ili$1 1 - 1 U, WJJ1!0ERI 61,H.FERI 
7 t::~ Lt-:~~fmilitm 6 - 7 . 7 - 9 c 1"1'tJ~0 b 0t·S 
0, ~:i;_(;:J: 0 }.)tm{*W~mtt L, ,f(J){l]'.~~t!BiliT 
o 2:, :mili 7 5 ;-··&u·~~fflffl0ft-ry-~ ili::tJ't-o O Witt 
7 3 :,,··0fg;-ry-tiif'mXt.tJ:ffi:mffl0fg;-ry-c LT. 1'1:!fflT b c: 
t ff•c·~ b o 1ll'l~1FFf¥R0)1a-ry-!.i11J'l~{JJ 0 ili Ltm 1 1 - 2 
l::tt::tJ~hb 0 

( o 1 2 2 ] 1lJl'.~tJJ 0 tt L$1 1 - 2 ti, 1il~1tw¥R0fg; 
-ry-(;:~-51, •T.1lJl'.:bx~{JJ VJ ili L, ~,ll!v > .::z·@11*r,5 .:x-
7i-ttJE'.$ l 1 - 3 ti, {JJ f) tt ~:htd~:iil'l~(;:-::,\, ,"(ffe.,11! 
v >7~'ffifKl ~tlltIE LT. *~Tb t-:lt:i01,5 x -7 ~iR:JE'. 
L, ,fO)r,5;x-70fg;-ry-~@001-1=.lfttml 1 -4t::mtt 
T 6 o @00f-1=Jvt$1 1 - 4 !i, J, 5 .:x-7 0fg;-ry-(;:~-::S 
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i,, •-C *jf.OOiTiffi!:'~nx. L, 8*1iH§%i!:' lli:1JT {So 

[ 0 123] ..:..: t·, M'iii1t.0t.::llb(::, J!l:.i!:'fnJl,,,t.::tJ 
;,e 3 7.;.,; :7)vO)iii"tO)fl:rJllz v .;.,; :Z-@{j0WJic.1 ,3 ;,1: -Y 
O)jj!;Ji:'.(;:-::il,, ,-ziJtBJl-t 6 o !iJ.lzy ./' :;(@{,~O)riffI[O)f.::/lb 
01,3 ;,e-y t L -ctL @ffft 7 v-1>.01J{n:ftr e, nt~ 
ft.I 1>&U'ilt:::k)¥mb'&·~·-e;b 6. 
[ 0 1 2 4 l :(1lffi v .;.,; _::(Ji!u {~ O)µJ!~:,'J' G , tJIJ;: t::L Gill 9 

O)(a)0A~{j~/±lI07(B)9-2i!:'MlliL-Z* 
jr,T {;) t T {;) 0 ..: 0)#)),&' A~ffl~tfjI 1) 7 ( B) 9 -

2 O)r::f:vt,fn:@'.t;:rfflT 6 ft.Ill a &U';(i\1Ji 1..-- Y ;.:(]!ljjffftO)r::f::i,t, 
07'.;,GAtfil{fft~tfjI ') 7 ( B) 9 - 2 i!:'t*Uft.rll ( ft{,* 

ft.I) 13 i!:'it~T 6 o X, 1.Ui v.;.,; ;:z[iljfffft0r::f::!{.-,O;t,(.,µJ! 
~&J::.~:i 't'0li'e~L i!:'tt~T 6, 
[ 0 1 2 5 l Wiicft.rlla&{/li'~U::J: 0, } ... t~ffftf§ltf:l 

I'J 7 < B) 9- 2 i'~T>T6ii!Ilffft7v-1>.01Jfn:ft.re 
t JJL~ft.r ¢ 0@:i!:'3.l<iib6..: t ti,t·~ 0" l!O'G, 1Jfn:ft.r e 
Ll:1:1i1icft.rllal::~L<, B=a t·in6o X, Tlt~ft.1¢ 
tiwJllz r.,.;.,; _::('Ji!Ilffft0).'¥f¥R t filcli'e~t Lt O).f:tiPG t<; 
( 3 - 1 ) Jl:,~t<; ( 3 - 3 > i!:' ffll,, l"(;:.lt/lbo..: c ;t,-r.:·~ 

6 o X, .7;-1>.-5¥t·cb0m(::-::i~ 1-CtL v!'i:~0ti:ftiMNJl 
t=rftmt mJIMv .;.,; .. :.Z-@®0r::f::!,t,o t 01Tf*ftr 11 l::J: 0 ;:Jt/lb 
6..: c ti,t·~ 6" ..:t1..i?0H3 ;x-Y i!:':n:t::, @,1z O)A 
t~0*jf.µJ!~i!:'tJJ 0 lli L, :IJl.lzr.,.;.,; ;:z·@{*O).i[lit!z riff.I.£ 
L -c-1==.Yf-Y t::·~t::8*{jFa%b~lliT 6 o 

[O 126] Gfill 2U:11='=10WJiv.;.,;_::z·;;><3t'f~~L 
t.::ii!U{ifti!:'knx. Lt.::8*1ffti!:'jr,Tl:filt·;b0 0 l:JIJJZD:Lt.::J: -3 (;: 
wJit, .;.,;::zlilrrffftxPGA~{ji!:' -fO)~~fU::J: 0mtf:l L, 
mlliLt.::@{fft(;:.i[hriffIEO)~fll1.zfrl,,,, 11='=10-E=-Y"r 
r., t::lilrrffi i!:' 4 '.fr'i!f!J L -C filcm lli L t.::A !thJ ffft i!:' *jf. ~ -\tt.:: 
1*-ri!:'ffli<;s"Jt;:jf. L -C ~ 16" 
[0127] 
[ ~BJ}O)~_MIU J;JJ:jJtBJI Lt.:: J: -3 (;:' *~BJl(;:J: tU:L 

*"-11 s oJJt0JZ1,,,@ft.ri!:'~-::iw,~v.;.,;;:z·;;><3t::J: •J8* 
~i'UIJ~UO)~, l1='=10)>7_;,{7~J:l)JZ~~O)I07 
Hi~fflT 6..: t bit·~, ~@'.t;x 31='=1;1z~IJ~T 6..: c 
;t,t·~ 6 t t t (::, -f0@fffti!:'fflllJ: < rc11*l::ritiIE L-C 
*jf.-t' 6 ..: c ff-t· ~ 6 " 
[O 128] X, w,~1.,::.,:;z·t;;,e30f§!:@'.ft.ri!:'riliIET0 

EiH~~ffi.t, W,~ v .;.,;_:;z[iljf{fft0.i[hzritiIET 6~t~~ffi. 
c i!:'*llhkb-\t-CiW:~T 6..: t ?::J: 0, f~@'.ft.rllt:: J: G 
flmf{fftritiIE0iw~W_!!!i!:'1'6JJfill::t'r-3..: t fit·~ 6 o JC 
ffl,~Y .;.,;;:z[iljffiftO)i[hrifiIE0t.::d:>0J,7 ;x-9 z, mHfft 
~ ht.::~~~ v.;.,; ;:z·Ji!Il{j EI f*ti, GtIBl±l L -C :®t~ 1..,-.;.,; ;:z·Ji!Ilffft 
0.i[htlfiIE i!:'fr -3 ..: c t:: J: 0 , i1i@'.!Ef0~~~gif-~1l: 
t::fe;t L -C, ~Ji:'. Lt.::.i[hriffIE i!:'11' 3 ..: t fit·~ 6 o 
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[57] ABSTRACT 

The present invention is directed toward a wide-angle lens. 
Because of a small quantity (two) of lens elements, the 
wide-angle lens facilitates size and weight reduction and 
permits low-cost manufacture. The lens is made from 
plastic, which permits further cost reduction. The lens is 
particularly useful when employed in CCD cameras. 

15 Claims, 7 Drawing Sheets 
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6,031,670 
1 

WIDE-ANGLE LENS 

This is a continuation-in-part of application Ser. No. 
08/590,725, filed Jan. 24, 1996, now abandoned, which in 
turn, was a continuation of application Ser. No. 08/251,623, 
filed May 31, 1994, now abandoned, which, in turn, was 
continuation of application Ser. No. 07/738,854, filed Jul. 
31, 1991, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a wide-angle lens. More 
particularly, the invention relates to a wide angle lens having 
particular application to CCD-type cameras. 

2. Background Prior Art 

Lately, small-sized wide-angle lenses have become 
increasingly used in -Y:,- and 1/3-inch CCD cameras which 
have recently been put into use. 

2 
wherein (f1 ) is the focal length of the first lens element 26 
and Dis the distance between the principal points of the first 
and second lens elements 26, 28. 

When satisfying requirement (1), the wide-angle lens 
5 system 20 permits its back-focus to be made two times 

longer despite its short focal length. 

(2) 

10 
wherein (r2) is the curvature radius of the image-side surface 
of the first lens element 26 and (n1 ) is the refractive index of 
the material from which the first lens element 26 was 
constructed. 

When satisfying requirement (2), the wide-angle lens 

15 
system 20 permits astigmatism to become positively large or 
negatively large above the upper limit of requirement (2) or 
below its lower limit respectively. 

-lO<K,<-1 (3) 

Five-element wide-angle lenses are a common known 20 

type of such small-sized lenses. 

wherein K 4 is the conical reflection constant when the 
image-side surface of the second lens element 28 is aspheri
cal. However, such wide-angle lenses have practical limita

tions in size, weight and cost because they employ as many 
as five lens elements. 

OBJECT OF THE INVENTION 

The present invention was designed to solve the problems 
mentioned above. Its primary object, therefore, is to provide 
a novel wide-angle lens which can easily be decreased in 
size and weight and manufactured at a low cost. 

For a better understanding of the present invention, ref
erence is made to the following description and accompa
nying drawings while the scope of the invention will be 
pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 to 5 show the lens construction of corresponding 
embodiments 1 to 5. 

FIGS. 6 to 10 show aberrations of embodiments 1 to 5, 
respectively. 

DESCRIPTION OF INVENTION AND 
PREFERRED EMBODIMENTS 

The wide-angle lens system 20 according to the invention 
comprises a first lens element and a second lens element 
which are located on object and image (picture) sides, 
respectively. In the drawings, a first lens element is desig
nated as 26 and a second lens element is designated as 28. 
The first lens element 26 is a meniscus type having a 
negative refractive power and the second lens element 28 is 
a two sided convex type having a positive refractive power, 
one or more of lens surfaces of lens elements 26, 28 being 
made aspherical. 

The wide-angel lens system 20 can be used in -Y:,- and 
1/3-inch CCD cameras, for example. 

When satisfying requirement (3), the wide-angle lens 
system 20 permits spherical aberration to be well corrected. 

25 Namely, spherical aberration becomes negatively large or 
positively large above the upper limit of requirement (3) or 
below its lower limit respectively. 

30 

(4) 

wherein (f2 ) is the focal length of the second lens element 
28. 

When satisfying requirement (4), the wide-angle lens 
system 20 permits field curvature to be well corrected. 

35 
Namely, field curvature becomes positive or negative above 
the upper limit of requirement ( 4) or below its lower limit 
respectively When not satisfying requirement ( 4), its lowers 
performance of the lens system 20. 

The wide-angle lens system 20 according to the invention 

40 
permits achromatism even when its first and second lens 
elements 26, 28 are made from the same material. 

When the first and second lens elements 26, 28 are made 
from acryl (PMMA), the wide-angle lens system 20 permits 
material and manufacturing costs to be reduced further. 

45 
The invention will be more fully understood by describing 

five embodiments as follows. 
It is assumed that the first lens surface counted from the 

object side (including lens surface, diaphragm and CCD 
cover glass) has a curvature radius ri (i=l-7) and a distance 

50 
d; (i=l-5) is given between the (i)-th and (i+l)-th surfaces 
on the optical axis. Formula j=l, 2 represent the first and 
second lens elements respectively, j=3 the above mentioned 
cover glass, (n) refractive index of the material of the lens 
elements and cover glass j=l-3. 

55 
Aspherical surface of the lens elements of the wide-angle 

lens is obtained by revolving curve: 

The quantity of the component lens element of the wide
angle lens system 20 according to the present invention is 
thereby reduced to two. In order to secure high performance 60 

with the small quantity of lens elements, however, they are 
made aspherical. 

X = [cJ-"/{1 + ,,/ 1- (K + 1)C2Y2]] +A4 I'4 +A6 Y" 

about the optical axis (X) with optically-axial coordinate and 
the coordinate orthogonal therewith given symbols X and Y 
respectively, optically-axial curvature C, conical reflection 
constant K, A 4 , A 6 quarternary and hexanary aspherical 
coefficients, and its configuration is specified by giving 
conical reflectin constant K ans aspherical =efficients A 4 , 

A5. 

In order to make its performances more effective, the 
wide-angle lens according to the invention is made to satisfy 
the following requirements. 65 

(1) 
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3 
Embodiment 1 

f=3.3 mm, F/No=l.8 

Picture size: 1/, inch (diagonal distance: 5.5 mm) 

ri d, Il; 

1 40.00 1.00 1.491 
2 3.16 8.50 
3 4.38 2.50 2 1.491 
4 -5.03 0.00 
5 (Diaphragm) 6.22 
6 0.70 3 1.5168 
7 

Aspherical surface: r4 

K=-4.16934 

A 4 =2.19540xl0-3
, A 6 =2.19540xl0-3 

f1=-7.04, f2=5.22, D=8.68, r2/{(n1 -l)f1}=-0.91 

f/f2=-1.35 

6,031,670 

5 

10 

15 

20 

25 

4 
Embodiment 3 

f=3.3 mm, F/No=l.8 

Picture size: V3 inch (diaoonal distance: 5.5 mm) 

r, 

20.00 
2 3.11 
3 5.16 
4 -4.64 
5 (Diaphragm) 
6 

7 00 

Aspherical surface: r3 

K=-1.76816 

d, 

1.00 
8.50 
2.50 
0.00 
6.15 
0.80 

A 4 =2.20288x10-5
, A 6 =-6.86197x10- 7 

Aspherical surface: r4 

K=-2.83668 

1 

2 

3 

nj 

1.5168 

1.5168 

1.5168 

A 4 =-6.15852xl0-6
, A 6 =2.98626xlo-7 

f1=-7.28, f2 =5.18, D=9.33, r~{(ncl)fi}=-0.83 

f1/f2=-1.41 The first and second lens elements 26, 28 were made from 
PMMA (acryl). The configuration of the lens and associated 
light paths according to the first embodiment are illustrated 
in FIG. 1 and the aberrations of the first embodiment are 

30 
illustrated in FIG. 6. The coma aberration shown therein is 

The first and second lens elements 26, 28 and cover glass 
32 were made from the same material (BK7). The configu
ration of the lens and associated light paths according to the 
third embodiment are illustrated in FIG. 3 and the aberra
tions of the third embodiment are illustrated in FIG. 8. The 
coma aberration shown therein is obtained in connection 
with (d)- line. 

obtained in connection with ( d)- line. 

Embodiment 2 

f=S.O mm, F/No=l.8 

Picture size: ~/7 inch (diagonal distance: 8.0 1nm) 

r, d, n; 

1 100.00 1.00 1.491 
2 4.32 12.00 
3 7.32 3.00 2 1.491 
4 -7.05 0.00 
5 (Diaphragm) 10.58 
6 0.70 3 1.5168 
7 

As;pherical surface: r4 

K=-2.70060 

A 4 =6.15920x10-4, A 6 =4.25890xl0-6 

f1=-9.21, f2=7.84, D=13.16, r2/{(nclf1}=-0.95 

f1/f2=-1.17 
The first and second lens elements 26, 28 were made from 

PMMA (acryl). The configuration of the lens and associated 
light paths according to the second embodiment are illus
trated in FIG. 2 and the aberrations of the second embodi
ment are illustrated in FIG. 7. The coma aberration shown 
therein is obtained in connection with ( d)- line. 

35 

40 

45 

50 

Embodiment 4 

f=5.0 mm, F/No=3.5 

Picture size: ~/,. inch (diagonal distance: 5.5 mm) 

2 
3 
4 
5 
6 

7 

r, 

16.500 
2.663 
5.050 

-5.328 
(Diaphragm) 

A-;pherical surface: r3 

K=-2.27678 

d, 

1.500 1 
6.000 
2.000 2 
0.200 
5.875 
4.600 3 

Il; 

1.49091 

1.49091 

1.51680 

55 A 4 =0, A 6 = 
A-;pherical surface: r4 

K=-9.5 

A 4 =0, A 6 =0 

60 f1=-6.708, f2 =5.639, D=6.900, r2 /{(n1-l)f.1}=-0.809 

f1/f2=-1.190 
The first and second lens elements 26, 28 were made from 

PMMA ( acryl). The configuration of the lens and associated 
light paths according to the fourth embodiment are illus-

65 trated in FIG. 4 and the aberrations of the fourth embodi-
ment are illustrated in FIG. 9. The coma aberration shown 
therein is obtained in connection with ( d) - line. 
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Embodiment 5 

f=S.O mm, F/No=2.5 

Picture size: 1/3 inch (diagonal distance: 5.5 mm) 

r, 

21.000 
2.805 
8.403 

-4.382 

1 
2 
3 
4 
5 
6 
7 

(Diaphragm) 

Aspherical surface: r3 

K=-5.54774 

A 4 =0, A 6 =0 
Aspherical surface: r4 

K=-1.2 
A 4 =0, A 6 =0 

d, 

1.500 
6.800 
2.000 2 
0.00 
9.386 
0.800 3 

l1; 

1.49091 

1.49091 

1.51680 

f1=-6.779, f2=6.095, D=7.900, r2/{(ncl)f1}=-0.843 

f/f2=-1.112 
The first and second lens elements 26, 28 were made from 

5 

10 

15 

6 
index of the material of the first lens element, and where (f2) 
is the focal length of the second lens element. 

2. The wide angle lens system of claim 1, wherein 

-10<K4 <-1 

where (K4 ) is the conical reflection constant when the 
image-side surface of the second lens element is 
aspherical. 

3. The wide angle lens system of claim 2, wherein said 
lens elements are made of plastic. 

4. The wide angle lens system of claim 3, wherein said 
lens elements are made from acryl. 

5. The wide angle lens system of claim 1, wherein said 
lens elements are made of plastic. 

6. The wide angle lens system of claim 5, wherein said 
lens elements are made from acryl. 

7. The wide angle lens system of claim 5, including a 
diaphragm and a cover glass for a CCD layer on the image 

20 side, said diaphragm being between said second lens ele
ment and said cover glass. 

8. The wide angle lens system of claim 1, including a 
diaphragm and a cover glass for a CCD layer on the image 
side, said diaphragm being between said second lens ele-

25 ment and said cover glass. 
9. The wide angle lens system of claim 8, wherein said 

first and second lens elements are constructed of the same PMMA (acryl). The configuration of the lens and associated 
light paths according to the fifth embodiment are illustrated material as said cover glass. 
in FIG. 5 and the aberrations of the fifth embodiment are 10. In a camera having a wide angle lens system, a 
illustrated in FIG. 10. The coma aberration shown therein is 30 diaphragm and a plane surface for forming an image, the 
obtained in connection with (d) - line. 

FIGS. 1 through 5 show the layout of the lens elements of 
the wide-angle lens system of the Embodiments 1 through 5 
and light paths therein. In FIGS. 1 through 5 numeral 26 is 

improvement comprising: 
that said wide angle lens system comprises: 

a first lens element, 28 a second lens element, 30 a dia- 35 

phragm and 32 a cover glass. 

a first lens element and a second lens element which are 
located on the object side and image side respectively, 
said first lens element being of a meniscus type having 
a negative refractive power and said second lens ele
ment being of a two-sided convex type having a 
positive refractive power, at least one surface of said 
lens elements being aspherical, said wide angle lens 
system having no more than two lens elements and 
wherein 

As is clear from the drawings, all the embodiments show 
good performances. 

In the aberration diagrams, consideration is given to the 
presence of the cover glass. 

While the foregoing description and drawings represent 
the preferred embodiments of the present invention, it will 
be obvious to those skilled in the art that various changes 
and modifications may be made therein without departing 
from the true spirit and scope of the present invention. 

What is claimed is: 
L A wide angle lens system comprising: 
a first lens element and a second lens element which are 

located on the object side and image side respectively, 
said first lens element being of a meniscus type having 
a negative refractive power and said second lens ele
ment being of a two-sided convex type having a 
positive refractive power, at least one surface of said 
lens elements being aspherical, said wide angle lens 
system having no more than two lens elements and 
wherein 

lf1l<D; 
[-1.5<r2/{(n1-l)f1}<-0.5; and 

-2<f/f2~_l] 
-l.5<r2/ {(ncl)f1}-0.5; and 
-2<f1/f2<-l 

where (f1 ) is the focal length of the first lens element and D 

40 

lf1l<D; 
-1.5<rz/{(ncl)f1}<-0.5; and 
-2<f1/f2<-l 

45 where (f1 ) is the focal length of the first lens element and D 
is the distance between a back principal point of the first lens 
element and a front principal point of the second lens 
element, where (r2 ) is the curvature radius of the image-side 
surface of the first lens element, where (ni) is the refractive 

50 index of the material of the first lens element, and where (f2) 
is the focal length of the second lens element. 

11. The camera of claim 1 wherein said camera is of the 
CCD type and wherein a cover glass for CCD elements is 
arranged on the image side, said diaphragm being disposed 

55 between said second element and said cover glass. 
12. The camera of claim 11 wherein said first and second 

elements are constructed of the same material as said cover 
glass. 

13. The camera of claim 1 wherein said first and second 
60 elements are made of plastic. 

14. The camera of claim 10 wherein 

-10<K4 <-1 

is the distance between a back principal point of the first lens 
element and a front principal point of the second lens 65 

element, where (r2) is the curvature radius of the image-side 
surface of the first lens element, where (111) is the refractive 

where K 4 is a conical reflection constant when the 
image-side surface of said second lens element is 
aspherical. 
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15. In a camera having a wide angle lens system, a 
diaphragm and a plane surface for forming an image, the 
improvement comprising: 

that said vvide angle lens system has a first lens element 
and a second lens element which are located on an 5 

object side and image side respectively, said first lens 
element being of a meniscus type having a negative 
refractive power and said second lens element being of 
a two-sided =nvex type having a positive refractive 
power, at least one surface of said lens elements being 10 

aspherical wherein 

8 
-1.5<r:,/{(n1 -1)f1 }<-0.5 

wherein (r2 ) is the curvature radius of the image side 
surface of the first lens element, (f1 ) is the focal length 
of the first lens element and (n1 ) is the refractive index 
of the material of the first lens element. 

* * * * * 
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Description 

BACKGROUND OF THE INVENTION 

camera is determined at the time of designing, by exe
cuting arithmetic computations according to mathemat
ical expressions by hardware, the image can be 
transformed to a plane image. 

1 . Field of the Invention 

[0001] The present invention relates to an arithme
tic unit for image transformation and a monitoring sys
tem. More particularly, the invention relates to an 
arithmetic unit for image transformation for transforming 
an image obtained by using a fisheye lens into a plane 
image for display and a monitoring system having the 
arithmetic unit. 

5 [0006] As disclosed in W092/21208, however, 
when calculations upon transformation are expressed 
by mathematical equations and executed according to 
the mathematical equations by hardware, it is neces
sary to realize many calculations of not only addition, 

10 subtraction, multiplication, and division, but also square 
root, trigonometric function, and the like by the hard
ware. The unit consequently cannot help becoming 
expensive inevitably. 
[0007] The invention has been achieved in consid-

2. Description of the Related Art 15 eration of the actual condition of the conventional tech
nique and it is an object of the invention to provide an 
arithmetic unit for image transformation capable of pro
viding inexpensive hardware for transforming a fisheye 

[0002] An arithmetic unit for image transformation is 
used in, for example, a monitoring system using a mon
itoring camera. The operator monitors the state in a 
space (tor example, shop) in which the monitoring cam- 20 

era is installed, by watching images from the monitoring 
camera displayed on a monitor provided for the monitor-

image obtained by using a fisheye lens into a plane 
image for display. 

SUMMARY OF THE INVENTION 

[0008] In order to achieve the object, an arithmetic 
ing system. When a lens attached to the camera is an 
ordinary standard lens, the space can be monitored 
only within the range of the angle of view of the standard 
lens. In order to monitor the entire space in which the 
camera is installed, it is necessary to provide a mecha
nism tor properly changing the orientation of the cam-

25 unit for image transformation according to the invention, 
for transforming a fisheye image obtained by using a 
fisheye lens into a plane image for display, comprises: 

era. In case of providing such a mechanism, the cost 
increases and the camera has to be remote controlled. 
It consequently becomes hard for the operator to handle 
it. 
[0003] There is an idea such that a fisheye lens 
having the wide angle of view is attached to the camera 
and monitoring is performed by using the fisheye lens. 
An image produced by the fisheye lens is, however, dis
torted as compared with an image obtained by using the 
standard lens and is very hard for the operator to watch 
it. A technique tor transforming an image produced by 

30 

35 

the fisheye lens into a plane image is disclosed as a 40 

camera orientation system in W092/21208. 
[0004] The system transforms a circular image 
obtained by using the fisheye lens into an image pro
duced by a normal image pickup lens (for example, 
standard lens) by an arithmetic process and a plane 45 

image seen from an arbitrary view point can be 
obtained. In this case, when a high speed arithmetic unit 
is used, plane image data can be obtained at real time 
rates only by software. In most of the cases, it takes 
long time for a communicating process, operation as a 50 

human interface, and the like in a terminal device con-
nected to a network. It is therefore preferable to realize 
a part in which the same process is repeated in an 
image transforming process, by hardware. 

a first coordinate calculating unit for obtaining first 
projection coordinates on a fisheye image face as 
an imaginary object face derived by projecting coor
dinates on the plane image; and 
a second coordinate calculating unit for obtaining 
second projection coordinates derived by projecting 
the first projection coordinates obtained by the first 
coordinate calculating unit onto the fisheye image 
face. 

[0009] The action of the configuration is as follows: 

Step 1. The first projection coordinates on the fish
eye image face as an imaginary object face 
obtained by projecting coordinates on the plane 
image are derived by the first coordinate calculating 
unit; and 
Step 2. The second projection coordinates obtained 
by projecting the first coordinates onto the fisheye 
image face are derived. 

[001 OJ That is, when an image is transformed, the 
coordinate calculations are not performed by mathe
matical equations at once but are executed by stages. 
Consequently, the calculating unit can be constructed 
by combining simple arithmetic circuits and the hard-

[0005] Since the projecting method (stereoscopic 
projection, equidistant projection, orthogonal projection, 
or the like) of projecting a fisheye lens image onto an 
image pickup device (such as CCD) provided for the 

55 ware part in the arithmetic unit for image transformation 
can be realized at low cost. 

2 

[0011] As a preferred embodiment of the invention, 
a logic circuit for arithmetic operation has a pipelined 
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architecture in each of the first and second coordinate 
calculating units. 

[0012] By making the logic circuit have the pipelined 
architecture, the coordinate transformation can be 
sequentially performed by stages and the circuit config
uration can be partially simplified. As a result, the hard
ware part in the arithmetic unit for image transformation 
can be realized at low cost. 
[0013] As another preferred embodiment of the 
invention, the logic circuit for arithmetic operation is lim
ited to calculations of addition, subtraction, multiplica
tion, and square root, and division and other function 
calculations are handled by referring to a lookup table. 
[0014] In case of executing the calculations accord-

5 

10 

15 ing to the equations by the hardware, it is necessary to 
realize many arithmetic operations such as addition, 
subtraction, multiplication, and division, and in addition, 
square root, trigonometric function, and the like by hard
ware. It is consequently necessary to use a large-scale 
circuit part. Especially, depending on the projecting 20 

method of the fisheye lens, there may be a case such 
that approximation occurs by trigonometric function or 
infinite polynomial. The logic circuit for arithmetic opera-
tion is consequently limited to addition, subtraction. mul
tiplication, and square root. With respect to a part 25 

expressed by division or other function, a lookup table is 
referred to. Consequently, the hardware can be simpli-
fied and it can contribute to reduce the cost of the arith
metic unit for image transformation. 

ficient k1; 

Fig. 3 is a diagram for explaining a procedure of 
transforming coordinates by hardware; and 
Fig. 4 is a block diagram of circuits mounted on a 
PCI bus substrate. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] A preferred embodiment of an arithmetic unit 
for image transformation according to the invention will 
be described in detail with reference to the drawings. 

{ Positional relation of coordinate system l 

[0020] Referring to Fig. 1, the positional relation of 
coordinates to be transformed will be described. The 
coordinate system will be set as follows. As a space for 
showing the position of an object, an (X, Y, Z) coordi
nate space in which the position of a fisheye lens is the 
origin and the direction of the optical axis is the Z axis is 
set. The azimuth (q,) and the zenithal angle (8) are set 
as parameters indicating the position of the object seen 
from the origin. 
[0021] Since the position on an image pickup 
device (such as CCD), of an object whose image is 
obtained through the fisheye lens is determined at an 
angle seen through the fisheye lens, it is assumed that 
the object is positioned on the surface of a hemisphere 

[0015] According to further another preferred 
embodiment of the invention, the second coordinate 
calculating unit is used to obtain the second projection 
coordinates by multiplying the first projection coordi
nates by a predetermined coefficient and the predeter
mined coefficient is obtained from the lookup table. 
[0016] When the projecting method of the fisheye 
lens differs, the coefficient becomes different. Only by 
changing data in the lookup table, the invention can deal 

30 of radius of 1. The hemispherical face is called an imag
inary object face. 

with a different projecting method and it is unnecessary 
to replace the hardware part. The cost of the hardware 
part in the arithmetic unit for image transformation can 
be therefore reduced also with respect to the point. 
[0017] A monitoring system according to the inven-
tion is characterized by comprising the arithmetic unit 

[0022] A plane image to be obtained is shown by an 
(u, v) coordinate system in Fig. 1. It is assumed that the 
center (origin) of the (u, v) coordinate system is in the 

35 position apart from the origin of the (X, Y, Z) coordinate 
system by distance 1 and is in contact with the hemi
spherical face as the imaginary object face. The plane 
expressed by the (u, v) coordinate system is made cor
respond to pixels of a display image on a monitor. The 

40 angle between the u axis of the coordinate system and 
the (X, Y) plane, that is, the angle formed by an inter
secting line of a plane which passes the origin of the (u, 
v) coordinate system and is in parallel with the {X, Y) 

for image transformation. According to the arithmetic 45 

unit for image transformation, the arithmetic unit can be 
constructed by combining simple arithmetic circuits and 

plane and the (u, v) plane and the u axis is set as (a). 
[0023] A plane image (fisheye image) obtained 
through the fisheye lens is expressed by a (p, q) coordi-
nate system as shown in Fig. 1. It is assumed that the 
(p, q) coordinate system is parallel to the (X, Y) plane 
and has the origin on the Z axis. In a position on an 
image pickup face {for example, position of a pixel on a 
CCD image pickup device), the image circle diameter 

the cost of the hardware part in the arithmetic unit for 
image transformation can be reduced, so that an inex
pensive monitoring system can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

Fig. 1 is a diagram showing setting of a coordinate 
system; 
Fig. 2 is a diagram for explaining a correction coef-

50 

differs according to the size of the image pickup device 
and the focal distance of the fisheye lens. Consequently, 
it is assumed that a fisheye image is projected in a circle 

55 of radius 1 of an image of an object positioning at 90 
degrees (Z = 0) from the front of the lens. At the time of 
actually use, magnification adjustment is performed. 
[0024] An image is transformed as follows. The pro-

3 
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jecting position on the image pickup face {p, q coordi
nates) of a point {u, v coordinates) on a plane image is 
obtained by arithmetic operation. By referring to lumi
nance information at the point, data of the plane image 
to be obtained can be generated. Information of the 5 

view points (1p, 0, a) and the scale factor (zoom ratio) as 

[0032] When the distance L is determined, k1 is 
constant. Consequently, a table of k1 with respect to the 
distance L is formed as a lookup table and multiplication 
by k1 obtained from the lookup table is executed, 
thereby enabling (X2 , Y2 , Z2) to be obtained as follows 
(refer to Fig. 3). 

the size of the plane image is information inputted by 
the operator through a keyboard, pointing device, or the 
like and is obtained and set in advance as data for cal
culation by a higher-order arithmetic processing unit. 

[0025] Necessary parameters are, as shown in 
Figs. 1 and 2, (X0 , Y0 , Z0) indicative of the center (ori-
gin) of a plane image and change amounts oux, fJvx, 
8uy, Bvy, 8uz, fNz in the respective axes of the (X, Y, Z) 
coordinates when a point is moved in the respective 
directions on the (u, v) coordinate system by an amount 
of one pixel (corresponding to one pixel on the monitor 
screen). 
[0026] The parameters can be easily obtained from 

10 

15 

In this manner, the first projection coordinates on the 
hemispherical face are determined. 

the information of the angle information (1p, 0, a) of the 20 

view point and the magnification of the image. [0033] As a second step of the calculation, a proce
dure of obtaining second projection coordinates w(p1, 

q1) on a fisheye image face from the first projection 
coordinates (X2• Y 2 • Z2) determined (refer to Fig. 1 with 

< Calculating procedure for image transformation) 

[0027] A calculating procedure for image transfor
mation will now be described with reference to Fig. 3. 
The calculating procedure is performed by, broadly, two 
steps of first and second steps. 

[0028] First, the coordinates of a point P' (first pro
jection coordinates) on the hemispherical face as an 
imaginary object face, which is a projection of a point P 
on a plane image (the u, v coordinates) are obtained. 
[0029] When it is assumed that the (X, Y, Z) coordi
nates of the point Pare (X1, Y1, Z1) and the (u, v) coor
dinates are (u1, v1), the following are given. 

Y 1 = Yo + u 1 • Buy + v 1 • fJvy 

Z 1 = Z O + u 1 • fJuz + v 1 • fJvz 

[0030] As clearly shown in Fig. 2, the point P' is on 
the line connecting O and P. When a coefficient is set to 
k1, the following relation is satisfied. 

[0031] The distance between the origin of the (X, Y, 

25 respect tow) will be explained. 
[0034] As described above, since the point P' is on 
the surface of the hemisphere of radius of 1, the zenithal 
angle (01) is unconditionally determined from the value 
of Z2 (refer to Fig. 1 with respect to 01). The following 

30 equation (1) is therefore derived. 

(1) 

[0035] Since the azimuth of the point w on the 
35 image pickup face and that of the point P' on the hemi

spherical face are the same, the following equation (2) 
is satisfied. 

40 

(2) 

[0036] Since the height (h) from the origin on the 
fisheye image face (origin of the p, q coordinate system) 
to the point w is expressed as a function of 01 according 
to the fisheye image projecting method, the following 

45 equation (3) is satisfied. 

(3) 

[0037] Some examples of specific functions of F(01) 

50 according to the projecting method will be shown. When 
it is assumed that the focal distance of the fisheye lens 
is f, the following relations are established. 

Z) coordinate system and the point P' expressed by the 
coordinates (X2, Y 2 , Z2) is 1. The distance between the 
origin (Xo. Y 0, Z0) of the (u. v) coordinate system and 55 

the point P' expressed by the coordinates (X2 , Y 2 , Z2' is 

equidistant projection: h = f • 0 

stereoscopic projection: h = 21 • tan(G/2) 
1. The distance L from the origin of the (u, v) coordinate 
system to the point Pis obtained as follows. 

4 

[0038] When the equation (1) is substituted for the 
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equation (3), the following equation (4) is given. h can 
be expressed as a function determined by Z2. 

-1 
h = F{cos (Z 2)) (4) 

[0039] With respect to the distance r from the origin 
of the (X, Y, Z) coordinate system to the point Q 
obtained by projecting the point P' onto the (X, Y) plane, 
since the point P' is a point on the surface of the hemi
sphere of radius of 1, the following equation (5) is satis
fied. 

r = (1 - Z 2 2) o.5 (5) 

[0040] The following equation (6) is therefore given 
from the equations (4) and (5). 

k2 = h/r 

= F(cos-1(Z 2))/(1-Z 2
2

)
0

·
5 (6) 

[0041] That is, the coefficient k2 of the equation (2) 
can be derived as a function of Z2. With respect to the 
coefficient k2, a lookup table for obtaining the coefficient 
k2 from the value of Z2 in accordance with the equation 
(3) is generated. By using the value, second projection 
coordinates (p1, q1) on the image pickup face are 
obtained as follows. 

q 1 = k2 • y 2 

[0042] As described above, in the first step for 
image transformation, calculation is limited to addition, 
subtraction, multiplication, and square root, and the 
other functions are obtained from the lookup table. The 
calculation in the second step is limited to multiplication 

5 

era 1 is sent to a PCI bus substrate 3 and subjected to 
processes for image transformation. The PCI bus sub
strate 3 comprises: a camera interface 30 for obtaining 
fisheye image data from a CCD provided for the CCD 
camera 1; a frame memory 31 for storing fisheye image 
data of one frame; an interpolation computing unit 32 for 
executing an interpolating computation on the basis of 
the calculation result of an operation part 40; an FIFO 
memory 33; a capture control unit 34 for controlling cap-

10 ture of the fisheye image data to the frame memory 31; 
the operation part 40 (part surrounded by a broken line) 
having the configuration which characterizes the inven
tion; and a PCI bus interface 39 for sending plane image 
data obtained by the coordinate transformation. 

15 

20 

[0045] The operation part 40 comprises a first coor
dinate calculating unit 35, a second coordinate calculat
ing unit 36, a first lookup table 37 connected to the first 
coordinate calculating unit 35, and a second lookup 
table 38 connected to the second coordinate calculating 
unit 36. Further description will be given in relation to 
the coordinate transforming procedure. The first coordi
nate calculating unit 35 is a part of executing the calcu
lation of the first step shown in Fig. 3 and can obtain the 
first projection coordinates (X2, Y 2 , Z2) on the hemi-

25 spherical face from the (u, v) coordinates in the plane 
image. The first lookup table 37 is a table for obtaining 
the correction coefficient k1 from the distance L. 

30 

35 

[0046] The second coordinate calculating unit 36 is 
a part of executing the calculation of the second step in 
Fig. 3 and can obtain the second projection coordinates 
(p1, q1) on the fisheye image face from the first projec
tion coordinates {X2, Y 2 • Z2' derived by the first coordi
nate calculating unit 35. The second lookup table 38 is 
a table for obtaining the correction coefficient k2. 

< Description of circuit operation l 

[0047] The operation of the circuit shown in Fig. 4 
and the other calculation of functions and the like is han
dled by referring to the lookup table. By executing the 40 

calculations in accordance with the steps, a simple 
arithmetic circuit (logic circuit such as an adder) can 
have a pipelined architecture. The circuit scale of the 

will now be described. 
[0048] Fisheye image data obtained by the CCD 
camera 1 is written into the frame memory 31 via the 
camera interface 30. Since the coordinates (p, q) on the 
image pickup face corresponding to the coordinates (u, 
v) on the display screen are obtained in the operation part of the complicated function calculation is sup

pressed by using the lookup table. Further, by changing 
the table for obtaining k2 in the second step, a fisheye 
lens of a different projecting method can be dealt with 
easily, moreover, by the same arithmetic circuit. 

< Example of circuit configuration) 

[0043] A specific circuit block configuration will now 
be described with reference to Fig. 4. The configuration 
relates to an example of a substrate which is configured 
for a computer system having a PCI (Peripheral Compo
nent Interconnect) bus. 
[0044] A fisheye lens 2 is attached to a CCD cam
era 1 and image information obtained by the CCD cam-

45 part 40, image data corresponding to the coordinates 
(p, q) sequentially designated by the operation part 40 is 
read from the frame memory 31 and is sent to the inter
polation computing unit 32. 

50 

[0049] Strictly, the position of a pixel on the fisheye 
image does not coincide with a pixel on the plane image 
to be displayed on the monitor. Plural data of pixels 
nearby is consequently read from the frame memory 31 
and interpolation is performed by obtaining a weighted 
mean of the data, thereby enabling a natural plane 

55 image to be obtained. 

5 

[0050] The interpolated image data is subjected to 
speed adjustment by the FIFO memory and resultant 
data is transferred to a memory on the host computer 
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side via the PCI bus interlace 39. In case of the example 
of the configuration of Fig. 4, since the processes such 
as coordinate calculation and interpolating calculation 
can be executed by a middle-scale FPGA (or gate 
array), the hardware can be constructed relatively 5 

cheap. 

Claims 

projecting coordinates on the plane image onto 
a fisheye image face as an imaginary object 
face; and 

a second coordinate calculating unit (36) for 
obtaining second projection coordinates 
derived by projecting the first projection coordi
nates obtained by the first coordinate calculat
ing unit (35) onto the fisheye image face. 

1. An arithmetic unit for image transformation for 
transforming a fisheye image obtained by using a 
fisheye lens (2) into a plane image for display, char
acterized by comprising: 

10 6. The monitoring system according to claim 5, char
acterized in that a logic circuit for arithmetic opera
tion has a pipelined architecture in each of the first 
and second coordinate calculating units (35, 36). 

a first coordinate calculating unit (35) for 
obtaining first projection coordinates derived by 
projecting coordinates on the plane image onto 

15 7. The monitoring system according to claim 6, char
acterized in that the logic circuit for arithmetic oper
ation is limited to calculations of addition, 
subtraction, multiplication, and square root, and 
division and other function calculations are per
formed by referring to a lookup table (37, 38). 

a fisheye image face as an imaginary object 
face; and 
a second coordinate calculating unit (36) for 20 

obtaining second projection coordinates 
derived by projecting the first projection coordi
nates obtained by the first coordinate calculat-
ing unit (35) onto the fisheye image face. 

2. The arithmetic unit according to claim 1, character
ized in that a logic circuit for arithmetic operation 
has a pipelined architecture in each of the first and 
second coordinate calculating units (35, 36). 

3. The arithmetic unit according to claim 2, character-
ized in that the logic circuit for arithmetic operation 

25 

30 

is limited to calculations of addition, subtraction, 
multiplication, and square root, and division and 
other function calculations are handled by referring 35 

to a lookup table (37, 38). 

4. The arithmetic unit according to claim 3, character
ized in that the second coordinate calculating unit 
(36) is used to obtain the second projection coordi- 40 

nates by multiplying the first projection coordinates 
by a predetermined coefficient (k1) and the prede
termined coefficient (k1) is obtained from a lookup 
table (38). 

45 

5. A monitoring system comprising 

a CCD camera (1) to which a fisheye lens (2) is 
attached and 
a Peripheral Component Interconnect (PCI) 50 

bus substrate (3) having an arithmetic unit for 
image transformation for transforming a fisheye 
image obtained by using the fisheye lens (2) 
into a plane image for display, 
characterized in that the arithmetic unit for 55 

image transformation comprises: 
a first coordinate calculating unit (35) for 
obtaining first projection coordinates derived by 

6 

8. The monitoring system according to claim 7, char
acterized in that the second coordinate calculating 
unit (36) is used to obtain the second projection 
coordinates by multiplying the first projection coor
dinates by a predetermined coefficient (k1) and the 
predetermined coefficient (k1) is obtained from a 
lookup table (38). 
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ABSTRACT 

A non-linear lens possesses distortion characteristics 
which are such that objects along the optical axis of 
the lens occupy disproportionately large areas of the 
image cast by the lens, whereas objects near the pe
riphery of the field of view occupy a disproportion
ately small area of the image. The distortion charac
teristics approximate the formula H=sin 113 (} where H 
is height measured from the optical axis and (} is the 
angle measured from the optical axis. The image cast 
by the lens falls on the vidicon of a television camera 
where it is scanned and transmitted to a projector. 
Since the lens enlarges objects in the vicinity of the 
optical axis, those objects are transmitted with much 
greater detail than objects in the peripheral region of 
the view. The transmitted image is reproduced at a 
projector and the reproduced image is rectified 
through another lens having identical distortion char
acteristics. This lens casts the rectified image on a 
spherical screen. The final image which appears on 
the screen possesses a high degree of acuity in the re
gion of the optical axis and substantially less acuity in 
peripheral regions. The resolution throughout the en
tire field of the reproduced image corresponds quite 
closely to the resolution characteristics of the human 
eye. 

10 Claims, 7 Drawing Figures 
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1 

NON-LINEAR LENS 

The Government has rights in this invention pursuant 
to Contract Number N00014-73-C-0154 awarded by 5 
the Department of the Navy. 

BACKGROUND OF THE INVENTION 

The present invention relates in general to lenses and 
more particularly to a lens having non-linear distortion l O 
characteristics. · 

The typical remote viewing system utilizes a televi
sion camera at the remote location, some type of pro
jector at the observer location, and a television trans
mitting system linking the two. These viewing systems 15 
fall far short of duplicating the visual characteristis of 
the human eye in that they have extremely limited 
fields of view or else poor resolution in a large field of 
view. 

In particular, for any fixed angular resolution (mea- 20 
sured in minutes of arc) and frame rate (usually 30 Hz 
or frames/sec.) a definite relationship exists between 
field of view and bandwidth for transmitting that field 
of view. For example, commercial television, which 
utilizes a 525 line raster traced 30 times per second, 25 
operates on a bandwidth of 3.93 MHz. To match the 
resolution of the human eye, which is one minute of arc 
along its foveal or optical axis, the field of view for 
commercial television must be restricted to less than 
10° (see FIG. 1). On the other hand, if the field of view 30 
is increased to about 180°, which is the field of view for 
the human eye, the bandwidth must be increased to 
1000 Mhz to maintain one minute of arc resolution 
over the entire field. This demands a raster of l 0,000 
lines and is far in excess of the capabilities of current 35 
television systems. · 

Indeed, the most advanced television currently avail
able utilizes an 875 line system and requires a band~ 
width of 10.9 Mhz. This provides a field of view of 
about 20° with one minute arc resolution throughout 40 
the entire field, which is far less than the 180° field of 
view possessed by the human eye. 

From the foregoing, it is clear that present television 
viewing systems present a dilemma. If the field of view 
is sufficient to encompass all possible locations of inter- 45 
est, resolution is so low that detection or clear observa-

. tion is impossible. On the other hand, if the resolution 
is adequate to insure that the objects will be seen 
clearly, the field of view is quite limited and many 
objects of interest are located outside of the field of 50 
view. 

2 
eye is immediately moved to bring the foveal axis to the 
thing of interest and thereby provide a clearer image of 
it. 

SUMMARY OF THE INVENTION 

One of the principal objects of the present invention 
is to provide a lens having non-linear distortion charac
teristics which are such that objects located along and 
near the.optical axis of the lens occupy a disproportion
ately large area of the image produced by the lens. 
Another object is to provide a lens of the type stated 
which closely approximates the resolution characteris
tics of the human eye over a wide field of view. A fur
ther object is to provide a lens of the type stated which 
is ideally suited for use in remote viewing systems in 
that it provides a wide field of view with maxim um 
acuity along the optical axis. These and other objects 
and advantages will become apparent hereinafter. 

The present invention is embodied in a lens which 
distorts a field of view such that objects in the vicinity 
of the optical axis occupy a disproportionately large 
area of the image cast by the lens and objects in the 
peripheral region of the field of view occupy a dispro
portionately small area of the image. The invention also 
consists in the parts and in the arrangements and com
binations of parts hereinafter described and claimed. 

DESCRIPTION OF THE ORA WINGS 

In the accompanying drawings which form part of the 
specification and wherein like numerals and letters 
refer to like parts wherever they occur: 

FIG. 1 is a graph showing the relationship between 
field of view, angular resolution, and bandwidth for 
transmitting a picture of a remote location by televi
sion; 

FIG. 2 is a graph showing relative acuity of the 
human eye throughout the field of view for the eye; 

FIG. 3 is a graph showing the distortion characteris
tics of the lens of the present invention in terms of 
normalized image height and field of view and compar
ing such distortion characteristics with the distortion 
characteristics of a fisheye lens and a conventional 
camera lens; 

FIG. 4 is a graphic representation of the non-linear 
distortion characteristics and showing how equal incre
ments on the image plane correspond to unequal incre
ments in the field of view; 

FIG. 5 is a schematic perspective view of the remote 
viewing system in which the non-linear lens may be 
utilized; 

FIG. 6 is a sectional view of the non-linear lens; and 
FIG. 7 is an enlarged sectional view of the second and 

third lens groupings for the non-linear lens. 

DETAILED DESCRIPTION 

The lens of the present invention (FIGS. 6 and 7) 
provides non-linear image distortion · characteristics 
over an extremely wide field of view which approaches 
160°. This is in contrast to so-called fisheye lenses 

In a sense the human eye provides a solution for the 
foregoing dilemma. The human eye possesses high 
optical acuity along and in the vicinity of its foveal or 
optical axis, but the acuity diminishes outwardly there- 55 
from. In other words, the eye distinguishes fine detail 
directly in front of it, but not to the sides. This charac
teristic is not derived from the shape of the eye lens, 
but instead results from the fact that most of the optical 
fibers for the eye are concentrated in the vicinity of the 
optical axis. Hence, only along the optical axis does the 
eye possess one minute. of arc resolution. The resolu
tion becomes progressively less toward the periphery of 
the field of vision (see FIG. 2). Nevertheless, the reso
lution in the peripheral area is sufficient to detect the 65 
presence of many objects in that area as well as much 
movement in that area. Of course, when the eye detects 
anything of interest in the peripheral areas, the head or 

60 which provide linear distortion characteristics. In 
paticular, with a linear or fisheye lens the image height 
is directly proportional to the field angle (FIG. 3). The 
relationship is defined by the formula H=K 9 where H 
is the image height from the optical axis, K is a con
stant, and (J is the angle measured from the optical axis. 
Thus, with a linear lens an object occupying twice the 
angle as another object, when measured from the opti
cal axis, will cast an image twice as high as the other 
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object. On the other hand, with a non-linear lens of the 
present invention the image height is equal to a variable 
function of the field angle (FIG. 3). The relationship is 
approximated by the formula H=sin 113 8. Thus, objects 
centered along the optical axis of the non-linear lens L 5 

cast a much larger image than objects located near the 
periphery of the field of view with the size diminishing 
as the angle from the optical axis increases. The result 
of the distortion is that objects along the optical axis 
occupy a disproportionately large share of the image IO 
cast by the lens when compared with other objects 
closer to the periphery of the field of view for the lens. 

4 
The projector projects the transmitted image through 

its non-linear lens which casts the image upon a spheri
cal screen surrounding the projector. The observer 
views the screen from the position of the projector. 

Positioned on the projector is an oculometer which 
views the observer's eye through a transparent beam
splitter, and in effect tracks the observer's eye, produc
ing error signals whenever the foveal axis of the eye 
deviates from the optical axis of the projector lens. In 
other words, error signals are produced when the fo
veal axis of the eye and the optical axis of the projector 
lens intersect the screen at different locations. These 
signals are converted into elevation and azimuth com
mands which are transmitted to the servo system for 
the camera through the transmission system. The com
mands cause the camera to change elevation and azi-
muth, and the movement is such that the corresponding 
movement of the projector reduces the error and brings 
the foveal axis of the camera back toward coincidence 

In effect, the center of the non-linear lens is a telephoto 
lens, while the periphery of the lens amounts to a wide 
angle lens with the annular region between the center 15 

and periphery varying from telephoto to wide angle. 
Naturally, the image produced is quite distorted. The 
typical camera lens is represented by the formula H=K 
tan 8 (FIG. 3) and is non-linear, but in a sense opposite 
from that of the lens of the present invention. 20 with the optical axis of the lens, at least at the screen. 

The non-linear transfer characteristics of the lens 
may be illustrated by breaking the image into equal 
angular increments (FIG. 4) and comparing each 
image increment with the corresponding increment it 
represents in the actual field of view. Clearly, equal 25 
angular increments on the image side of the lens repre
sent unequal increments on the object side of the lens. 
More specifically, near the optical axis relatively small 
arcs on the object side are converted to large arcs on 
the image side, thus enlarging the image. At about 25° 30 
from the optical axis arcs on the object side equal the 
arcs on the image side and this portion of the lens may 
be considered linear. Objects from about 25° to 80° 
(lens periphery) occupy arcs much larger than they 
cast on the image side with the variance in arcs becom- 35 
ing greater as the object approaches the periphery of 
the field. Hence, objects within 25° of the optical axis 
for the lens are magnified with the magnification being 
substantial along the lens axis, whereas objects in the 
annular region located beyond 25° are reduced in size, 40 
with the reduction becoming progressively greater as 
the maximum field angle for the lens is approached. 

To appreciate the lens requires an understanding of 
the remote viewing system in which it is utilized. That 
viewing system basically comprises (FIG. 5) a televi- 45 
sion camera at the remote location, a projector at the 
observer location, and a transmission system linking 
the camera and projector in both directions. Both the 
camera and projector are fitted with non-linear lenses 
having identical distortion characteristics. However, 50 
the projector lens is mounted just the reverse of the 
camera lens so that it rectifies the distortion created by 
the camera lens. The camera is supported on a gim
balled mount and is therefore capable of swinging both 
vertical and horizontal angles with respect to fixed 55 
coordinates at the remote location. A suitable servo 
mechanism bridges the gimballed mount to control the 
position of the camera. The projector is likewise sup
ported on a gimballed mount which permits it to swing 
both vertical and horizontal angles with respect to fixed 60 
coordinates at the observer location. Another servo 
mechanism bridges the gimballed mount of the projec
tor, and this servo is slaved to the camera through the 
transmission system such that a change in elevation or 
azimuth of the camera with respect to its fixed coordi- 65 
nates results in a corresponding change in elevation 
and azimuth of the projector with respect to its fixed 
coordinates. 

Thus, the oculometer controls the position of the cam
era and the camera controls the position of the projec
tor, so in effect the camera and projector are both 
slaved to the observer's eye through the oculometer. 
The oculometer and servo mechanisms for the camera 
and projector should all respond fast enough to bring 
the optical axis of the projector lens into coincidence 
with, or at least within 2 percent of, the foveal axis for 
the eye within 0.2 seconds. This is about as rapidly as 
the eye can fixate and perceive when changing from 
one object of interest to another, so the lag in the pro-
jector is barely discernible, if at all. A suitable oculom
eter is marketed by Honeywell Inc., Radiation Center, 
Boston, Mass. 

Referring again to the television camera at the re
mote location, the camera lens casts the distorted 
image of all objects in the field of view on the vidicon 
of the camera, and this vidicon is scanned in the usual 
manner, that is with a beam which traces a raster pat
tern at uniform velocity. The conventional commercial 
television system of 525 lines per scan and 30 scans per 
second may be employed. This requires a bandwidth of 
3.93 MHz (FIG. 1). The beam in effect picks the image 
off of the camera vidicon.- Since the objects along the 
optical ax is are magnified and occupy a disproportion
ately large area of the vidicon, they are picked off the 
vidicon in great detail. On the other hand, objects in 
the peripheral region of the field of view are reduced in 
size and occupy relatively little area on the vidicon. 
Hence, they are picked off of the vidicon with substan
tially less detail. The picture is transmitted accordingly. 
The magnification along and near the optical axis is 
great enough to enable the beam to extract one minute 
of arc detail, which is all an eye with 20-20 vision can 
perceive along its foveal axis. The beam extracts 
greater angles of arc detail away from the optical axis 
and hence poorer resolution is available in this area. In 
this regard, it will be recalled that to extract one minute 
arc detail over a full 180° requires a I 0,000 line vidicon 
or in other words a bandwidth of 1000 MHz which is 
far in excess of present television capabilities. 

The distorted image cast upon the vidicon of the 
camera is reproduced by the light valve of the projector 
and this image likewise has at least one minute of arc 
resolution along the optical axis with the resolution 
diminishing toward the periphery of the image so that 
only much larger angles of arc are discernible beyond 
the optical axis. The image so produced is rectified by 
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the projector lens which casts it upon the spherical 
screen. The resulting screen image constitutes a faithful 
reproduction of the scene which lies within the field of 
view for the camera lens. The projector lens in no way 
affects the resolution of the image it transmits and as a 
result the image appearing on the screen shows detail 
as close as one minute of arc at the optical axis for the 
lens and the area immediately surrounding it, but in the 
remaining area such detail is not available. In other 
words, the resolution in the other areas is somewhat 
less. Hence, the projected image is very sharp and clear 
on the screen at the optical axis, that is directly in front 
of the projector, and then turns somewhat fuzzy or 
blurred in the surrounding area particularly at the max-

6 
ment c. The inside element c also has a spherical sur
face R 4 which faces the tapered interior of the housing 
2 and is presented toward the second lens grouping B. 
Along the optical axis Z for the lens, the element a has 

5 a thickness t 1, the element b a thickness t2, and the 
element c a thickness t3 • Index matching oil couples the 
matching surfaces R2 of the lens elements,a and band 
the matching surfaces R 3 of .the lens elements b and c. 
The outside and inside lens elements a and care formed 

IO from type SK16 glass, whereas the intermediate lens 
element is formed from type F2 glass. The index of 
refraction for SK16 glass is 1.62041 and for F2 glass is 
l.62004. The Abbe number for SKl6 is 60.27 and for 
F2 is 36.25. 

imum angle of 80° from the optical axis. 15 Turning now to the second lens grouping B, it con-
The variance in clarity or in resolution of the final 

image cast upon the screen closely resembles the opti
cal characteristics of the eye (FIG. 2). In this connec
tion, it will be recalled that most of the optical sensing 
elements for the human eye are concentrated along the 
foveal axis. 

As previously mentioned, the oculometer tracks the 
eye position and causes the camera to change position 
in response to eye movement while the projector un
dergoes corresponding movement as a result of being 
slaved to the camera. Consequently, the foveal or opti
cal axis of the eye is always directed at the center of the 
projected image, that is the portion along the optical 
axis for the projector lens. This is the portion having 
the one minute of arc resolution. Since the resolution 
of the eye falls off with the angle from the foveal axis, 
little is lost by having· the resolution of the projected 
image diminish with the angle from the optical axis. 
The resolution in the surrounding area of the picture is 
still good enough to permit the eye, as a result of the 
built-in peripheral vision, to detect movement and ob
jects of interest, and if whatever is detected appears 
interesting enough, the viewer will tum his eye toward 
it. This, of course, causes the camera and projector to 
change position so that the formerly blurred area of the 
image to which the eye is turned lies along the optical 
axis of the camera and projector lenses and is projected 
with high resolution. 

The non-linear lens (FIGS. 6 and 7) has three lens 
sets or groupings A, Band C. Its aperture ratio is 5.6 
and it forms a 0.358 F diameter image where Fis the 
focal length along the optical axis Z. The first lens 
grouping A is considerably larger than the other group
ing B and C and is contained in the large end of a ta
pered lens housing. The other lens groupings Band C 
are contained within a subhousing which fits into the 
small end of the tapered main housing. The first lens 
grouping is a triplet and provides the mapping function, 
that is the unique distortion which is essentially defined 
by the formula H=sin 113 . iJ." The. second grouping B, 
which has four elements, contains the aperture stop 
and forms an image of the scene as distorted by the first 
grouping A. The third grouping C is a single element 
which functions as a field flatener, that is it makes the 
image cast by the second grouping B planar. 

The first lens grouping A (FIG. 6) consists of three 
lens elements a, b, and c with no air gaps between adja
cent elements. The outside lens element a has a non
spherical surface R 1 exposed outwardly and a spherical 
surface R2 presented inwardly against a matching sur
face R2 on the intermediate element b. The opposite 
surface R3 of the intermediate element b is non-spheri
cal and abuts a matching surface R3 on the inside ele-

sists of four lens elements, namely, a convex-concave 
lens element d, a double convex lens element e, a dou
ble concave lens element J, and a double convex lens 
element g, all arranged in that order from the first lens 

20 grouping A. The innermost lens element d has spherical 
surfaces Rs and Ru and a thickness t 5 , along the optical 
axis Z. The next lens element e has spherical surfaces 
R 7 and R 8 and a thickness t 1 along the optical axis Z. 
Next, is the double concave lens element J having 

25 spherical surfaces R9 and R 10 and a thickness t 10 along 
the optical axis .. Z. The surface R10 of the element f 
corresponds to and is against a matching surface R10 on 
the lens element g which has another spherical surface 
R11 presented toward the third lens grouping C. . The 

30 surfaces R 6 and R7 of the lens elements d and e, respec
tively, are separated by an air gap ts measured along the 
axis Z of the lens, while the surfaces R6 and R9 of the 
lens elements e and/, respectively, are separated by an 
air gap t8 measured along the optical axis Z. The match-

35 ing surfaces R10 of the lens element f and g are ce
mented. The lens elements d and f are formed from 
type F2 glass, while the lens elements e and g are 
formed from type SK 16 glass. 

The third lens grouping C contains a single lens ele-
4o ment h having a non-spherical and non-planar surface 

R12 which is presented toward the second lens group B 
and a spherical surface R13 exposed outwardly. The 
lens element h has a thickness t 12 along the optical axis 
Zand is made from the .type SK16 gl.ass. 

45 The first arid second lens groupings A and B are 
separated by an air gap t4 which is measured from the 
surface R 4 to the surface R 5 along the axis Z of the lens. 
The second and third lens groupings B and C are sepa
rated by an air gap t 11 which is the distance between the 

50 surfaces Rn and R 12 measured along the optical axis Z. 
The distorted image formed by the non-linear lens 

exists in an image plane p located beyond the third lens 
grouping ·c. The vidicon of the' television camera 
should be atthis plane p. 

55 The surfaces R 2, Rt, Rs, Re, R1, Rs, Ro, Rio, Ru· and 
R 13 are all spherical and have their centers of curvature 
along the optical axis Z of the lens. The surfaces Ri, R3 , 

and R12, while being curved, are not spherical. The 
radii of curvature for ·the surfaces R1 through R 13 fol-

60 low: 

R, : l.37F (at optical axis only) 
l.4F < R, < 1.5 F 

R3 0.729F (at optical axis only) 

65 l.091F < R. < l.092F 
0.2373F <-R. < 0.2376F 
0.272F <-Rs < 0.273F 
0.3936F . < R1 < 0.3940F 
0.334F <-Rs < 0.335F 
0.2268F <-R. < 0.2271F 
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0.280F 
0.571F 

0.4168F 

< R,o 
<-Ru 
-R., 
<-Rm 

7 
-continued 

< 0.285F 
< 0.572F 
: 0.314F (at optical axis only) 
< 0.4173F 

5 

where F is the focal length of the lens along its optical 
axis Z. Note, that since the surfaces Ri, Ra and R 1a are 
not spherical, the radii of curvature listed above for 
those surfaces represents only radii along the optical JO 
axis Z of the lens. 

The thicknesses of the various lens elements mea-
sured along the optical axis Z follow: 

0.I99F <t1<0.202F 
0.399F<t2 <0.402F 
0.399F <t3 <0.402F 
0.047F<t5 <0.049F 
0.186F <t7<0. l 89F 
0.0 l 9F<t9 <0.022F 
0.06F<t10<0.07F 
0.08F<t12<0.09F 
The thicknesses of the air gaps measured along the 

optical axis Z follow: 

15 

20 

8 

Surface Surface Surface 
R, Ra R,2 

X(O) 0.0000000 0.0000000 0.0000000 
X( I) 0.2108668 0.1795877 -0,0029324 
X(2) 0.8554116 0.7202623 --0.0041130 
X(3) l.7838662 J,4361922 -0.0004761 
X(4) J,9775600 1.6027882 0,0065340 
X(5) 0.0100000 
X(6) 0.0100000 
p(O) 0.0000000 0.0000000 0.0000000 
p(l) 1.0780200 0.7222734 0.0825000 
p(2) 2.1560400 1.4444546 0.1650000 
p(3) 3.2340801 2.1668202 0.2475000 
p(4) 3,6360801 2.4760010 0.3300000 
p(5) 0.4010000 
p(6) 0.5000000 
M(O) 0.3644990 0.6859612 -1.5916510 
M(l) 0.3596961 0.6935749 0.5983017 
M(2) 0.4358774 0.6937277 0.7436587 
M(3) --0.6375478 -1.4543979 0.6856855 
M(4) -2.1376087 --0.6921574 --0.5200549 
M(5) 0.0000000 
M(6) 0.0000000 

What is claimed is: 
1. A non-linear lens comprising first lens means for 

distorting a scene in the field of view for the lens such 
3.248F<t4 <3.25 l F 
0.0004F <t6<0.00 l 4F 
0.266F<t11<0.267F 
0.037F<t8 <0.041F 

25 that objects in the vicinity of the optical axis are given 
substantially greater prominence than objects in the 
peripheral region of the field of view, and second lens 
means for forming a real image of the scene as distorted 

As previously noted, the surfaces R 1, Ra, and R1a are 
neither spherical nor planar. Furthermore, not one of 30 
them fits any single known mathematical formula. They 
are defined in terms of splines, that is each surface is 
broken up into increments or intervals which are de
fined 'separately. The surfaces Ri, R3 and R13 are con
sidered spline surfaces and are defined by the following 35 
cubic spline equation: 

40 

where 
p 1•1 = 'The value of the spline surface height at the 45 

start of the ith interval. 
p; = The value of the spline surface height at the end 

of the ith interval. 
X1•1 = The value of the spline surface sag at the start 

of the ith interval. 50 
X1 = The value of the spline surface sag at the end of 

the ith interval. 
h1 = p 1 - Pi-1 = The length of the ith interval. 
M 1•1 = The value of the slope derivative at the start of 

the ith interval. 55 
M, = The value of the slope derivative at the end of 

the ith interval. 
p = The spline surface height {independent variable) 
S(p) = The spline surface sag as a function of height 

( dependent variable) 60 
The slope of a spline surface element at a particular 

height (p) is given by 

Slope= d S(p)/dp 

by the first lens means, whereby objects in the vicinity 
of the optical axis will occupy a disproportionately 
large area of the real image and objects in peripheral 
regions of the scene will occupy a disproportionately 
small area of the real image. 

2. A lens according to claim 1 wherein the field of 
view is at least approximately 160°. 

3. A non-linear lens according to claim 1 and further 
characterized by third lens means for causing the real 
image formed by the second lens means to lie in a 
plane. 

4. A non-linear lens according to claim 1 wherein the 
distortion in the real image approximates the formula 

H=sin'136 

where His the distance in.the image measured from the 
optical ax is and (} is the angle measured from the opti
cal axis. 

5. A non-linear lens according to claim 1 wherein the 
first lens means comprises a plurality of individual lens 
elements and the second lens means includes a plurality 
of different lens elements. 

6. A non-linear lens comprising a first lens grouping 
for distorting a scene in the field of view for the lens 
such that objects in the vicinity of the optical axis are 
given greater prominence than objects in the peripheral 
region of the field of view, the first lens grouping in-
cluding first, second, and third lens elements. the first 
lens element having surfaces R1 and R2 , the second lens 
element having surfaces R2 and Ra, and the third lens 
element having surfaces Ra and R 4, the surface R2 of 
the first lens element matching the surface R 2 of the 
second lens element and being substantially in contact 
therewith, the surface Ra of the second lens element 
matching the surface Ra of the third lens element and 

The values of spline surface sag (X), spline surface 
height (p), and slope derivative (M) for various spline 
intervals 0, 1, 2, etc. follow: 

65 being substantially in contact therewith, the surfaces R 1 

and Ra being curved at the optical axis and being non
spherical beyond the optical axis, the surfaces R 2 and 
R4 being spherical substantially throughout, the radii of 
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the surfaces along the optical axis being substantially as 
follows: 

l.4F 

1.09IF 

l.37 
< 1.5 

0.729 
< 1.092 

F 
F 
F 
F 

where F is the focal length of the lens along the optical 
axis of the lens; and a second lens grouping for forming 

5 

10 
wherein the value for pat spline intervals 0, 1, 2, etc. is 

p(O) 
p(l) 
p(2) 
p(3) 
p(4) 

0.0000000 
1.0780200 
2.1560400 
3.2340801 
3.6360801 

0.0000000 
0.7222734 
l.4444546 
2.1668202 
2.4760010; 

and wherein the value for M at spline intervals 0, 1, 2, 
IO etc. is 

a real image of the scene as distorted by the first group
ing, whereby objects in the vicinity of the optical axis 
will occupy a disproportionately large area of the real 
image and objects in peripheral regions of the scene 
will occupy a disproportionately small area of the real 15 
image. 

M(O) 
M(l) 
M(2) 
M(3) 
M(4) 

0.3644990 
0.3596961 
0.4358774 

-0.6375478 
-2.1376087 

0.6859612 
0.6935749 
0.6937277 

-1.4543979 
-0.6921574. 

7. A lens according to claim 6 wherein the first, sec
ond, and third lens elements have thicknesses t 1 , t2 and 
t3 , respectively, along the optical axis of the lens and 
the thicknesses are as follows: 

0.199F<t1<0.202F 
0.399F<t2 <0.402F 
0.399F<t3 <0.402F. 
8. A non-linear lens according to claim 6 wherein the 

non-spherical surfaces R 1 and R3 are defined by the 
cubic spline equation 

(p,-p)3 (p-p,_,)3 
S(p}=M,_, ~+ M, 6 h, 

+ Ix,, ,- M,-,hl ) (p,-pl ( M,111
2 

) 
\ - 6 h, + x,- -6- (p-p,_,) 

where 
i-1 = The value of the spline surface height at the 

start of the ith interval. 
i = The value of the spline surface height at the end 

of the ith interval. 
Xj.1 = The value of the spline surface sag at the start 

of the ith interval. 
X 1 = The value of the spline surface sag at the end of 

the ith interval. 
h1 = p1 - p 1•1 = The length of the ith interval. 

9. A non-linear lens according to claim 6 wherein the 
second lens grouping comprises a convex-concave first 
lens element, a double convex second lens element, a 

20 double concave third lens element, and a double con
vex fourth lens element, arranged in that order from 
the first lens grouping, the first lens element having a 
thickness t 5 along the optical axis and spherical sur
faces R5 and ~. the second lens element having a 

25 thickness t 1 and spherical surfaces R 7 and R8 , the third 
lens element having a thickness t9 and spherical sur
faces R9 and R10, and the fourth lens element having a 
thickness t 10 and spherical surfaces R 10 and R 11 , the 
surface Rrn of the third lens element matching the sur-

3o face R10 of the fourth lens element and being substan
tially in contact therewith, the surfaces Rs and R7 being 
separated by a distance ts along the optical axis and the 
surfaces Rs and ~ being separated by a distance t8 

along the optical axis; wherein the radii of curvature for 
35 the surfaces are: 

1.091F<R.1<1.092F 
0.2373F<R5<0.2376F 
0.272F <Rs<0.273F 
0.3936F <R7<0.3940F 

40 0.334F<R8<0.335F 
0.2268 F <R9<0.227 l F 
0.280F <R10<0.285F 
0.571 F <Ru <0.572F; 

M1•1 = The value of the slope derivative at the start of 45 
the ith interval. 

wherein the thicknesses of the lens elements along the 
optical axis a,re 

0.047F<t5<0.049F 
M1 = The value of the slope derivative at the end of 

the ith interval. 
p=The spline surface height (independent variable) 
S(p) = The spline surface sag as a function of height 

(dependent variable); and wherein the value for X 
at spline intervals 0, 1, 2, etc. is 

Surface Surface 
R, Ra 

X(O) 0.0000000 0.0000000 
X(I) 0.2108668 0.1795877 
X(2) 0.8554116 0.7202623 
X(3) 1.7838662 1.4361922 
X(4) 1.9775600 1,6027882; 

O. I 86F <t7<0.189F 
0.019F <t9<0.042F 
0.06F<t10<0.07F 

50 0.08F<t12<0.09F; 

55 

60 

65 

and wherein the spaces separating the lens elements 
are: 

0.0004F < t6 < 0.0014F 
0.037F < ts < 0.041 F 
10. A non-linear lens according to claim 9 wherein 

the surface ~ in the first lens grouping and the surface 
R5 in the second lens grouping are separated by a dis
tance t4 which is greater than 3.248F and less than 
3.25 lF. 

* * * * * 
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[57] ABSTRACT 

An automatic. voice-directional video camera image steer
ing system specifically for use for teleconferencing that 
electronically selects segmented images from a selected 
panoramic video scene typically around a conference table 
so that the participant in the conference currently speaking 
will be the selected segmented image in the proper viewing 
aspect ratio, eliminating the need for manual camera move
ment or automated mechanical camera movement. The 
system includes an audio detection circuit from an array of 
microphones that can instantaneously determine the direc
tion of a particular speaker and provide directional signals to 
a video camera and lens system that provides a panoramic 
display that can electronically select portions of that image 
and, through warping techniques, remove any distortion 
from the most significant portions of the image which lie 
from the horizon up to approximately 30 degrees in a 
hemispheric viewing area. 
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TELECONFERENCING IMAGING SYSTEM 
WITH AUTOMATIC CAMERA STEERING 

This application is a continuation-in-part of U.S. patent 
application Ser. No. 281,331 filed Jul. 27, 1994 U.S. Pat. No. 
5,508,734. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a video conferencing system that 

has automatic, voice-directional camera image steering, and 
specifically to a teleconferencing system that employs auto
matic video image selection of the current participant speak
ing electronically selected from a panoramic video scene. 

2. Description of the Prior Art 
Teleconferencing provides for the exchange of video and 

audio information between remotely separated participants. 
Typically, a first group of participants is arranged around a 
conference table or seated strategically in a conference room 
and telecommunicating with a second group of participants 
similarly situated at a remote location. One or more video 
cameras at each location creates video images of the par
ticipants through manual manipulation of each video 
camera, normally directed at the participant speaking at the 
moment. Microphones at each location provide for sound 
transmission signals. The video image and audio voice 
signals are then transmitted to the remote location. The 
video image is projected onto a large screen or other type of 
video display which also would include audio outputs for 
providing the sounds. 

Manual manipulation of each video camera at each con
ference site is required to change the direction of each 
camera to different participants as speakers change, unless a 
large overall view of all the participants is maintained Such 

2 
to achieve accurately. With the recent increased emphasis on 
multimedia applications, various methods and apparatuses 
have been developed to manage visual data. A unique class 
of multimedia data sets is that of hemispheric visual data. 

5 Known multimedia methods and apparatuses attempt to 
combine various multimedia imaging data, such as still and 
motion ( or video) images, with audio content using storage 
media such as photographic film, computer diskettes, com
pact discs (CDs), and interactive CDs. These are used in 

10 
traditional multimedia applications in various fields, such as 
entertainment and education. Teleconferencing is an appli
cation where automated electronic selection of scene content 
would result in greatly improved usability. Non-multimedia 
applications also exist that would employ hemispheric visual 

15 
data, such as in security, surveillance, unmanned 
exploration, and fire and police situations. However, as will 
be described below, the known methods and apparatuses 
have certain limitations in capturing and manipulating valu
able information and hemispheric scenes in a rapid (i.e., 

20 
real-time) and cost effective manner. 

One well known multimedia technique is used at theme 
parks, wherein visual information from a scene is displayed 
on a screen or collection of screens that covers almost 360 
degrees field of view. Such a technique unfortunately results 

25 in the consumption of vast quantities of film collected from 
multiple cameras, requires specially designed carriages to 
carry and support the cameras during filming of the scene, 
and necessitates synchronization of shots during capture and 
display. The technique is also limited in that the visual image 

30 cannot be obtained with a single camera nor manipulated for 
display, e.g., pan, tilt, zoom, etc., after initial acquisition. 
Hence, this technique, while providing entertainment, is 
unable to fulfill critical technical requirements of many 
functional applications. 

Other known techniques for capturing and storing visual 
information about a large field of view (FOV) are described 
in U.S. Pat. Nos. 4,125,862; 4,442,453; and 5,185,667. In 
U.S. Pat. No. 4,125,862, a system is disclosed that converts 
signal information from a scene into digital fonn, stores the 

a process is labor intensive. Also image content and 35 

perspective, dependent on the location of the video camera 
relative to the participants, contributes to the quality of the 
final visual display available to the participants watching the 
display screen. The quality of the image and the scene 
content all contribute to the overall effectiveness of the 
telecommunication process. In particular, in a setting such as 

40 data of the digitized scene serially in two-dimensional 
format, and reads out the data by repetitive scan in a 
direction orthogonally related to the direction in which the 
data was stored. U.S. Pat. No. 4,442,453 discloses a system 
in which a landscape is photographed and stored on firm. 

a conference table in a conference room, a hemispheric or 
panoramic viewpoint would be much more efficient for 
video image capture of surrounding selected participants. 
With a hemispheric scene, certain efficiencies are gained by 
eliminating large areas that are unused scene content while 
concentrating on a band of hemispheric areas populated by 
the teleconferencing participants. Therefore, it is believed 
that hemispheric or panoramic electronic imaging would be 
greatly beneficial to a teleconferencing environment, espe
cially when controlled with audio directional processors. 
The selected video image is taken from a desired segment of 
a hemispherical view in the correct video aspect ratio. A 
centralized panoramic image capture system which already 
has a distorted picture of the hemisphere bounded by the 
plane of the table upward selects a portion of the scene and 
warps the image to correspond to a normal aspect ratio view 

45 The film is then developed, with display accomplished by 
scanning with electro-optical sensors at "near real-time" 
rates. These techniques, however, do not provide instant 
visual image display, do not cover the field of view required 
for desired applications (hemispheric or 180 degrees field-

50 of-view), do not generate visual image data in the format 
provided by the techniques of this inventio~ and are also not 
easily manipulated for further display, e.g., pan, tilt, etc. 

The technique disclosed in U.S. Pat. No. 5,185,667 over
comes some of the above-identified drawbacks in that it is 

55 able to capture a near-hemispheric field of view, correct the 
image using high speed circuitry to form a normal image, 
and electronically manipulate and display the image at 
real-time rates. of the person speaking. The signal can be converted to 

whatever display format is desired for transmission to a 
remote location. The present invention has incorporated, in 60 
one automated system, audio beam steering and electroni
cally selectable subviews of a much larger panoramic scene. 
The video/subviews can be converted to an NTSC display 
fonnat for transmission to a remote location for video 
display. 

For many hemispheric visual applications, however, even 
U.S. Pat. No. 5,185,667 has limitations in obtaining suffi
cient information of critical and useful details. This is 
particularly true when the camera is oriented with the central 
axis of the lens perpendicular to the plane bounding the 
hemisphere of acquisition (i.e. lens pointing straight up). In 

65 such applications, the majority of critical detail in a scene is 
contained in areas of the field along the horizon and little or 
no useful details are contained in central areas of the field 

The collection, storage, and display of large areas of 
visual information can be an expensive and difficult process 
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located closer to the axis of the lens (the horizon being 
defined as the plane parallel to the image or camera plane 
and perpendicular to the optical axis of the imaging system). 
For example, in surveillance, the imaging system is aimed 
upward and the majority of the critical detail in the scene 
includes people, buildings, trees, etc., most of which are 
located within only a few degrees along the horizon (i.e .• this 
is the peripheral content). Also, in this example, although the 
sky makes up the larger central arc of the view, it contains 
little or no useful information requiring higher relative 
resolution. 

4 
lens down"). This works in effect to reduce the image quality 
of both areas such that the difference in error is a lesser 
percentage of the smallest area even the central area can 
resolve. Simultaneously, this compensation technique fur-

s ther degrades the performance of the lens by limiting the 
amount of light which is allowed to enter the lens, and thus 
reducing the overall intensity of the image. 

More typically, the peripheral content imaged by a con
ventional lens is so degraded in comparison with the central 

10 area that the lens allows for only a minimal area of the 
periphery to be recorded by the film or electronic imager. As 
a result of these "off-axis" aberrations inherent to large field, 
the relevant infonnation of the horizon in the scene can be 

To obtain sufficient detail on the critical objects in the 
scene. the technique should differentiate between the rel
evant visual information along the horizon and the remain
ing visual information in the scene in order to provide 15 
greater resolution in areas of higher importance. U.S. Pat. 
No. 5,185,667 does not differentiate between this relevant 
visual infonnation contained along the horizon and the 
remaining visual information in this scene. Thus, it fails to 
yield a sufficient quality representation of the critical detail 

underutilized or worse yet, lost. 
Another limitation in U.S. Pat. No. 5.185,667 is its 

organization for recording only views already corrected for 
perspective. The nature of that methodology is that the 
specific view of interest must be selected and transformed 
prior to the recording process. The result is that no additional 

20 selection of views can be accomplished after the storage 
process, reducing system :flexibility from the user• s perspec
tive. 

of the scene for projected applications. 

Hence, there is a demand in the industry for single camera 

25 
imaging systems that efficiently capture, store, and display 
valuable visual information within a hemispheric field of 
view containing particularly peripheral content, and that 
allow electronic manipulation and selective display of the 

Instead, techniques described above concentrate on 
obtaining, storing, and displaying the entire visual informa
tion in the scene, even when portions of this information are 
not necessary or useful. To obtain the near-hemispheric 
visual information, such techniques require specific lens 
types to map image information in the field of view to an 
image plane (where either a photographic film or electronic 
detector or imager is placed). Known examples of U.S. Pat. 

30 No. 5,185,667 and U.S. Pat. No. 4,442,453 respectively use 

image post-acquisition while minimizing distortion effects. 
Such a system finds advantageous application in a tele

conferencing environment in accordance with the present 
invention. a fish-eye lens and a general wide-angle lens. AB these lenses 

map information of a large field without differentiation 
between the central and peripheral areas, information from 
the periphery will be less fully represented in the image 
plane than from the central area of acquisition. 

In U.S. Pat. No. 4,170,400, Bach et al. describes a 
wide-angle optical system employing a fiber optic bundle 
that has differing geometric shapes at the imaging ends. 
Although this is useful in itself for collecting and reposi
tioning image data, bending of light is a natural character
istic of optical fibers and not exclusive to that patent. 
Further, U.S. Pat. No. 4,170,400 employs a portion of a 
spherical mirror to gather optical information, rendering a 
very reduced subset of the periphery in the final imaging 
result. This configuration is significantly di:lferent from the 
multi-element lens combination described in the present 
invention. 

Impeifections in the image representation of any field 
inherently result from the nature of creating an image with 
any spherical glass (or plastic) medium such as a lens. The 
magnitude of these imperfections increases proportionally to 
the distance a point in the field is from the axis perpendicular 
to the optical imaging system. As the angle between the 
optical axis and a point in the field increases, aberrations of 
the corresponding image increase proportional to this angle 
cubed. Hence, aberrations are more highly exaggerated in 
the peripheral areas with respect to more central areas of a 
hemispheric image. 

Limited control of video cameras is disclosed in the prior 
art. U.S. Pat. No. 4,980,761 issued to Natori, Sep. 25, 1990 

35 describes an image processing system that rotates a camera 
for a teleconference system. A control unit outputs a drive 
signal based on an audio signal to control the movement of 
the image until the image controlling unit receives an 
operational completion signal In this case, the rotational 

40 movement of the camera, moving the video image from one 
participant to another participant, alleviates having to view 
the cam.era movement. Once the camera stops skewing, the 
picture will then provide the proper aspect ratio. A plurality 
of microphones are provided to each attendant. A sound 

45 control unit then determines with a speaker detection unit 
which participant is speaking. U.S. Pat. No. 4,965,819 
shows a video conferencing system for courtroom and other 
applications in which case each system includes a local 
module thatincludes a loud speaker, a video camera, a video 

50 monitoring unit and a microphone for each local conferee. 
U.S. Pat. No. 5,206,721 issued to Ashida, Apr. 27, 1993, 
shows a television conference system that allows for auto
matically mechanically moving and directing a camera 
towards a speaking participant. In this system a microphone 

55 is provided for each participant and is recognized by the 
control system. hnage slew is corrected to avoid camera 
image motion. Areview of these systems thus shows that the 
automation provided is very expensive and in every case 
requires individualized equipment for each participant. 

Llmited audio direction finding for multiple microphone 
arrays is known in the prior art. For example, a self steering 
digital microphone array defined by W. Kellerman of Bell 
Labs at ICASSP in 1991 created a teleconference in which 
a unique steering algorithm was used to determine direction 

Although the lens types above achieve a view of a large 60 
field. the valuable content from the peripheral areas lacks in 
potential image quality (resolution) mapping because the 
imaging device and system does not differentiate between 
these areas and the central areas of less valuable detail. 
Often, the difference between the imaging capabilities 
between the two areas is compensated for by using only the 
central portion of a lens to capture the scene ("stopping the 

6S of sound taking into account the acoustical environment in 
which the system was located. Also a two stage algorithm 
for determining talker location from linear microphone array 
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data was developed by H. Silverman and S. Kirkman at 
Brown University and disclosed in April, 1992. The filtered 
cross correlation of the system is introduced as the locating 
algorithm. 

6 
annulus in the image plane. Information in the image plane 
is then detected by the video camera. The detected infor
mation of the entire hemispheric scene is then stored as a 
single image in memory using traditional methods. 

When a portion of the scene is to be displayed, the image 
information relating to the relevant portion of the scene is 
instantaneously retrieved from memory. A transform pro
cessor subsystem electronically manipulates the scene for 
display as a perspective-correct image on a display device, 

A "telepresence" concept from BellCorp briefly described 5 

in IEEE Network Magazine in March, 1992 suggests a 
spherical camera for use in the teleconference system. 
However, the entire image is sent in composite form for the 
remote users to select from at the other end. The present 
invention is quite different and includes automated pointing 
and control including incorporation in one automated system 

10 such as a teleconference display screen or monitor, as if the 
particular portion of the scene had been viewed directly with 
the video camera pointed in that direction. The transform 
processor subsystem compensates for the distortion or dif
ference in magnification between the central and peripheral 

of both audio beam steering and selectable subviews of a 
much larger panoramic scene. 

SUMMARY OF THE INVENTION 

The present invention comprises a video conferencing, 
voice-directional video imaging system for automatic elec
tronic video image manipulation of a selected, directional 
signal of a hemispheric conference scene transmitted to a 
remote conference site. The system employs three separate 
subsystems for voicedirected, electronic image manipula
tion suitable for automated teleconferencing imaging in a 
desirable video aspect ratio. 

The audio beam, voice pickup and directing subsystem 
includes a plurality of microphones strategically positioned 
near a predetennined central location, such as on a confer
ence table. The microphone array is arranged to receive and 
transmit the voices of participants, while simultaneously 
determining the direction of a participant speaking relative 
to the second subsystem, which is a hemispheric imaging 
system used with a video camera. The third subsystem is a 
personal computer or controller circuits in conjunction with 
the hemispheric imaging system which ultimately provides 
automatic image selection of the participant speaking that is 
ultimately transmitted as a video signal to the remote video 
display at the remote teleconference location. 

The hemispheric electronic image manipulator subsystem 
includes a video camera having a capture lens in accordance 
with the invention that allows for useful electronic manipu
lation of a segmented portion of a hemispheric scene. In a 
conference table setting, as viewed from the center of the 
conference table, participants are arranged around the table 
in the lower segment of the hemisphere, with the plane of the 
table top forming the base of the hemisphere. The electronic 
image is warped to provide a desired subview in proper 
aspect ratio in the audio selected direction. 

The present invention provides a new and useful voice
directional visual imaging system that emphasizes the 
peripheral content of a hemispheric field of view using a 
single video camera. The invention allows user-selected 
portions of a hemispheric scene to be electronically 
manipulated, transmitted, and displayed remotely from the 
video camera in real-time and in a cost-effective manner. 

The visual imaging system of the present invention 
involves a video image having a lens with enhanced periph
eral content imaging capabilities. The lens provides an 
enhanced view of the valuable infonnation in the scene's 
periphery by imaging the field of view to the image plane 
such that the ratio of the size of the smallest detail contained 
within the periphery of the scene to the size of the smallest 
resolving pixel of an image device is increased. For this to 
be accomplished, the peripheral content must map to a larger 
percentage of a given image detector area and, 
simultaneously, the mapped image of the central area of the 
scene must be minimized by the lens so that it does not 
interfere with the peripheral content now covering a wider 

15 :=~~=e~i:a ct:i~::y !\~:~~ ~!1.r!gor::i::~: 
into standard viewing format. The transform processor sub
system can also more fully compensate for any aberrations 
of the enhanced peripheral image because of the image's 
improved resolution as it covers a larger portion of the image 

20 
device (increased number of pixels used to detect and 
measure the smallest detail in the periphery image). More 
pixels equates to more measurement data, hence more 
accurate data collection. 

25 The stored image can also be manipulated by the trans-
form processor subsystem to display an operator-selected 
portion of the image through particular movements, such as 
pan, zoom, up/down, tilt, rotation, etc. 

By emphasizing the peripheral content of a scene, the 

30 visual imaging system can use a single camera to capture the 
relevant visual information within a panoramic field of view 
existing along the horizon, while being able to convention
ally store and easily display the scene, or portions thereof, in 
real-time. Using a single optical system and camera is not 

35 only cost-effective, but keeps all hemispheric visual data 
automatically time-synchronized. 

In the present invention, at a conference table view point, 
with participants seated around a conference table, hemi
spheric scene content is ideally suited for segmented sub-

40 views of participants, especially when directionally elec
tronically manipulated by voice actuation. The video image 
should be of the current speaker. 

One advantage of the present invention is that the unique 
visual imaging system lens can capture information from a 

45 hemispheric scene by emphasizing the peripheral portion of 
the hemispheric field of view and thus provide greater 
resolution with existing imaging devices for the relevant 
visual information in the scene. As an example, if an 
ordinary fisheye lens focuses the lowest 15 degrees up from 

so the horizon on ten percent of the imager at the imaging plane 
and the peripheral-enhancing lens focuses that same 15 
degrees on fifty percent of the imager, there is a five-fold 
increase in resolution using the same imaging device. 
Depending on the application and exact formulation of the 

55 lens equations, there will be at least a five times increase in 
resolving power by this lens/imager combination. 

The third subsystem of the present invention comprises a 
control apparatus such as a personal computer or other 
collection of electronic circuits, connected to the imagery 

60 system to allow flexible operation delivering options and 
defaults, including an override of the automated video image 
manipulation. A minimal control program is the software of 
the host controller to provide the options that may be 
necessary for individual teleconferences. An example would 

65 be to delay switching time segments between speakers, or 
perhaps the use of alternate cam.eras that may include a dual 
display. 
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FIG. 5 is a schematic block diagram of the panoramic 
transform processor subsystem for use with the teleconfer
encing system of the present invention. 

FIGS. 6A and (ill are a schematic diagram showing how 

In operation., at a particular teleconferencing site, partici
pants will be arranged at a conference table or in a confer
ence room with an array of microphones, each of which will 
pick up the normal speaking voice of each participant. The 
array of microphones is directly connected to an audio 
direction processor. The hemispheric lens system. in con
junction with the video camera is attached to view warping 
logic as explained above and to the controller, or a personal 
computer. The video and audio signals are then transmitted 
through a transmission medium in an NTSC or other format 10 

to the remote teleconferencing site for remote display. 

5 multiple transfonnprocessor subsystems can be tied into the 
same distorted image to provide multiple different view 
perspectives to different users from the same source image 
as described in the parent application. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Sound from the participant speaking that is processed in 
the audio direction processor determines the direction of the 
participant speaking relative to the panoramic video camera 
and lens. Once the particular speaker direction is 15 
determined, the panoramic image of a specific hemispherical 
region of interest, such as the participant's face, is processed 

The invention will be defined initially with a brief 
description of the principles thereof. 

Principles of the Present Invention 

As described in the parent U.S. patent application, the 
imaging invention stems from the realization by the inven
tors that in many of the technical hemispheric field 

to provide a normal video aspect ratio view for the remote 
participants using the system. 

It is a p:incipal object and advantage of this invention to 
provide a video conferencing system that automatically 
directs a video image to the participant that is speaking while 
providing a hemispherical video imaging subview that can 
be electronically manipulated in the direction of the speaker 
selected from a panoramic scene. 

It is another principal advantage of this invention to 
provide an automatic teleconferencing system that saves 
transmission time, reduces coincident cost by eliminating or 
reducing manual operation of a video camera, and does not 
detract from the concentration of the subject during the 
conference. 

And yet another advantage of this invention is to provide 
an automatic video camera with electronic image manipu
lation for video conferencing equipment that has no moving 
mechanical parts or physical mechanisms which improves 
the reliability of the system and reduces maintenance costs 
and service costs. 

In accordance with these and other objects which will 
become apparent hereinafter, the instant invention will now 
be described with particular reference to the accompanying 
drawings. 

BRIEF DESCRIPTION OF TIIE DRAWINGS 

FIG. 1 is a schematic illustration of the visual imaging 
system organization and components of the parent applica
tion. 

FIG. 1A is a schematic illustration of the automated video 
conferencing system organization and components. 

FIGS. 2A, 2B, and 2C show a cross sectional diagram 
indicating the field input and output rays and the resulting 
relative field coverage a lens typically provides in the image 
plane for detection by an imager device. 

FIGS. 3AA, 3.AK and 3.AC show a cross sectional 
diagram indicating the field input and ou1put rays and the 
resulting .field coverage that optical system Example I, 
constructed according to the principles of the present 
invention, provides in the image plane for detection by an 
imaging device or substrate. 

FIGS. 3BA, 3BB show a cross sectional diagram indicat
ing the field input and output rays and the resulting field 
coverage that optical system Example II of this present 
invention provides in the image plane for detection by an 
imaging device or substrate. 

FIG. 4 is a schematic representation of the mapping 
locations on the imaging device. 

20 applications, where the image detector is parallel to the 
plane of the horizon, much of the relevant visual information 
in the scene (e.g., trees, mountains, people, etc.) is found 
only in a small angle with respect to the horizon. Although 
the length of the arc from the horizon containing the relevant 

25 information varies depending upon the particular 
application, the inventors have determined that in many 
situations, almost all the relevant visual information is 
contained within about 10 to 45 degrees with respect to the 
horizon. This determination is especially true with respect to 

30 the teleconference environment which is normally centered 
around a conference table or conference room. 

To maximize data collection and resolution for analysis 
and/or display of the relevant visual information located in 
this portion of the hemispheric scene, it is desirable to 

35 maximize the dedication of the available image detection 
area to this peripheral field portion. To accommodate this, it 
is necessary that the "central" portion of the scene (from 45 
to 90 degrees with respect to the horizon) cover only the 
remaining areas of the imager plane so as not to interlere 

40 with light from the periphery. 
In many cases, since the "central" area contains less 

detailed information, such as a solid white ceiling or a clear 
or lightly clouded sky, it is allowable to maximize com-

45 pletely the dedication of the available image detection area 
to the peripheral field portion by reducing the portion of the 
imager device representing the "central" area to near zero. 
Of course, in certain instances, it is desirable to analyze this 
less detailed information, but this portion of the scene can be 

50 
minimized to some extent without significant degradation of 
such visual information. As will be described herein in more 
detail, the present invention provides two manners (Example 
I and Example II) for capturing, storing, and selectively 
displaying the critical visual information in a scene for many 

55 
important applications. 

System Organization and Components 

Referring now to the drawings, and initially to FIG. 1, the 
visual imaging system of the parent invention includes a still 

60 image or moving picture camera 10, having a lens, indicated 
generally at 14, designed to capture and enhance the periph
eral content of a hemispheric scene. The captured scene can 
be stored onto an assortment of media, e.g., photographic 
film 16, electronic storage 18, or other conventional storage 

65 means. Electronic storage 18 is preferred because of the ease 
of electronic manipulation thereof. Additionally, photo
graphic film 16 requires an image scanner 20 or other 
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capture-and-conversion method to change the image into 
electronic format before electronic manipulation can be 
performed. A video camera 11 in FIG. 1A is used for the 
teleconferencing system to capture the image. 

The stored electronic image data is then selectively 5 

accessed by a transform processor engine 22 and can be 
electronically manipulated according to user-defined 
criteria, such as pan, up/down, zoom, etc. The transform 
processor 22 corrects the image for display on a conven
tional display device 28 such as a video monitor or a video 10 
projection display system in a normal viewer format or on 
head-mounted displays 30, in which integrated orientation
sensing devices can be used to manipulate the user controls. 

Referring to FIG. lA, the audio directive component of 
the teleconferencing system for the present invention is 15 
comprised of four microphones spaced apart which would 
be arranged concentrically about the lens and camera on a 
conference room table so that all of the participants in the 
conference will have audio access to the microphones for 
transmission of sound. The primary pw:pose of the invention 20 

is to provide automated camera steering of the video camera 
11 scenes based on which particular participant is currently 
speaking. Therefore, the audio energy from a particular 
participant speaking will be the basis for directing the video 
camera imaging as discussed below. The microphones 21, 25 

23, 25, and 27 are connected to a speaker detection circuit 
29. The audio generated signals from the microphones are 
transferred to a mixer and sampling circuit in audio direction 
processor 1!>. In one particular embodiment, each micro
phone input would be sampled to determine which has the 30 

largest amplitude of signals or which one has signals, to 
determine the specific direction for steering the video cam
era. Once the audio detection circuits and sampling circuits 
have determined which microphone is the microphone being 
used by the current speaker, this signal information is 35 
conveyed to the audio direction processor 19 which is 
correlated between the location of a particular microphone 
in use and the video imaging system providing the seg
mented image discussed below. Thus, using the microphone 
array and audio circuitry, a signal can be arrived at from the 40 

audio direction processor to the imaging system to give 
relevance of. which direction or which segment of the 
panoramic image should be selected as a function of the 
current participant speaking. Determining the direction of 
the source of acoustical waves from an array of sensors such 45 

as an array microphone is known. Audio speaker detection 
circuitry is disclosed in U.S. Pat. No. 5,206,721 cited above. 
Additional discussion on the broad concepts can be found in 
Array Signal Processing: Concepts and Techniques, 
authored by Don H. Johnson and Dan E. Dudgeon, chapter 50 
4, Beamforming, published by PIR Prentice-Hall, 1993, and 
Multidimensional Digital Signal Processing, authored by 
Dan E. Dudgeon and Russell M. Mersereau, chapter 6, 
Processing Signals Carried by Propagating Waves, pub
lished by Prentice-Hall, Inc., 1984. In the present system, the 55 
number of participants can substantially exceed the number 
of microphones. The video imaging system. which will 
ultimately provide images of the participant speaking for the 
teleconferencing, then receives the audio direction processor 
signal as an input to select the specific imaging segment as 60 

descnbed below. 
I. hnage Acquisition 

A.Camera 

10 
such as photographic film. Various types of cameras for 
wide-angle viewing are known to those in the art, such as 35 
mm cameras, 8 mm cameras, NTSC, RS170, and HDTV-
type cameras. The present invention is designed to be 
compatible with most commercially available two
dimensional cameras, with scaling of the lens geometries. It 
also has the technological capability to be applied to three
dimensional cameras. The cam.era can be mounted and 
supported in a conventional manner. 

FIG. lA shows a teleconferencing system in accordance 
with the present invention, including an NSTC video camera 
11 using the capture lens 13, view-warping logic 15, and PC 
or master controller 17, which receives input from four 
microphones 21, 23, 25, and 27 disposed apart around a 
central audio connector 29, the output of which is connected 
to the audio direction processor 1~. By detecting the differ-
ences in audio signal amplitude obtained from each 
microphone, the audio direction processor can determine the 
closest microphone to the current participant speaking. It is 
also possible, by normal audio beam steering techniques, to 
select points between microphones, such that the number of 
participants can far exceed the number of microphones. The 
video camera 11 lens viewing angle segment based as a 
panoramic view can then be electronically changed through 
the view-warping logic and the PC or master controller 17 
to automatically shift the segmented scene content in the 
direction of the person speaking at the time. Note that the 
video camera 11 will be physically located in a central area, 
preferably in the center of the conference table, whereby a 
panoramic view of the participants at the conference table or 
in a conference room can be obtained so that the relative 
bearing from a central camera location to a particular 
participant can be established relative to the panoramic 
scene desired and the particular amount of scene content to 
accurately represent and provide the proper video aspect 
ratio of a particular speaker while that person is speaking. 

B. Lens With Enhanced Peripheral Content 
The fundamental principle behind the enhanced periph

eral content lens is the selective magnification of the periph
ery and the focusing of more of that content on the imaging 
plane. This recognizes the current limitations of imaging 
devices and film with regard to resolution. As such, the more 
of the peripheral content that can be focused on the imaging 
plane surface, the more points of data that can be resolved 
with a given density of imaging device or material. 
Therefore, for this new class of selective magnification 
lenses, the surface area of the imaging plane reserved for 
peripheral content will be large relative to the central content 
and roughly similar for all lenses in this class, regardless of 
whether the lens is designed for 1-10 degree peripheral 
emphasis or 1-45 degree peripheral emphasis. However, it 
should be noted that the lens with 1-10 degree emphasis will 
have much better resolution for the same objects than the 
lens with 1-45 degree emphasis. 

The lens 13 in FIG. lA for video camera 11 provides a 
collection of data for enhanced digital processing of the 
peripheral portion of a given field of view. The lens uniquely 
achieves this by filling the greater available area of an 
imager device with the peripheral areas rather than the 
central areas of the captured scene. 

A periphery-enhancing optical system suitable for achiev
ing the goals of the present invention can be configured in 
various ways to present an image of the field free of 
detrimental values of critical aberrations. Two examples or As described in the parent application, the camera 10 for 

the visual imaging system is an optical device that is capable 
of receiving a focused image from a lens and transforming 
that image into an electronic signal or into hard copy storage 

65 embodiments are preferred. Example I in FIGS. 
3AA-3AC,m preferably is a multi-medium system compris
ing a wide-angle multi-element optical lens and a fiber optic 
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imager device. Example II preferably is a combination 
system comprised of multiple refractive optical elements, 
one of which is of gradient index material, hemispherical in 
shape. The inventors define that other configurations relying 
on binary optics could also be utilized to accomplish similar 
results. 

The system of Example I is best suited for applications 
where the capture of the minimal information contained in 
the central area is irrelevant. A coordinated fiber bundle 
·array, either rigid or flexible, carefully aligned and 
assembled by methods known to those skilled in the art, is 
used to capture a peripheral annulus of the wide field image 
provided by the multi-element wide field lens. (REF. Journal 

12 
using a computer optimization routine. (REF. Mercado et al. 
and U.S. Pat. No. 5,210,646 on "Color Corrected Optical 
Systems and Method of Selecting Optical Materials 
Thereof." Also see Chapter 9 of the Users Manual for "Three 

5 Color Optimization" using Kidger Optics Optical Design 
Program. v.4.71, copyright Kidger Optics 1983-1989.) By 
use of the hemispherical gradient index unit with a wide field 
multi-element lens, the portion of the camera dedicated to 
the periphery is increased, thereby increasing the relative 

10 resolution of information detectable by the imaging device 
sensing elements. With the gradient index hemisphere, index 
values decrease from the center, such that: 

of the Optical Society of America, 1964; lens designs 
presented by Miyamota. Also see U.S. Pat. No. 4,256,373 by 15 
M. Horimoto for additional wide-neld lenses.) The multi
element wide field lens therefore, although covering the 
same :field as standard wide field lenses, is required to 
provide a larger image of the entire field. This can be 
accomplished by those skilled in the art by scaling a standard 20 
lens to a larger focal length until the desired :image size is 
reached. (REF. Chapter 5.4, "Scaling a Design" of Modern 
Lens Design, Warren J. Smith, McGraw-Hill inc., copyright 
1992.) 

The operation of the optical systems is schematically 
illustrated in FIGS. 2A-2C and 3BA-3BB. The arc X 
represents the field of view of the «center" portion of the 
"peripheral" field The areas X' and Y' represent the sub
tended peripheral angles of incidence. Arc Z and area Z' 
represent areas outside the normal imaging range of the lens. 
(No actual demarcation lines would exist in actual use; this 
is merely for exemplary purposes.) 

FIGS. 2A-2C represents a typical wide-angle type lens, 
while FIGS. 3BA-3BB represents a lens constructed accord
ing to the principles of the present invention. As should be 
apparent from comparing FIGS. 2A-2C and 3:BA-3BB, a 

The fibers, arranged in a specific mechanical manner, 25 
deliver the information in a geometrically annular shape 
from the peripheral image area to either the rectangular or 
circular shape of a specific imaging device. Specific con
figurations can be devised for desired peripheral coverage 
(up to 10 degrees through 45 degrees) and matched to 30 

required image detector plane geometry. (REF. Sect. 13, 
Fiber Optics, Handbook of Optics, McGraw-Hill Inc., 
1978.) Referring to FIGS. 3AA-3AC for a desired angle 0 
(theta), a standard wide-field lens design is scaled in "f," the 
length of the square camera imaging device (2r') is met. In 35 
the "Camera/Imager Interface" portion of the figure, the 
equation for fiber bundle radius r' as related to the imager is: 

typical wide-angle type lens has a fairly significant portion 
of the imaging surface dedicated to the central field of the 
lens; while the lens constructed according to the present 
invention has a fairly significant portion of the imaging 
surface dedicated to the peripheral field, and consequently 
less of the surface dedicated to the central field. 

The portion of the imaging surface used for the peripheral 
portion of the scene (as compared with the central portion of 
the scene) can vary depending upon the particular prescrip
tion of lens specified, which is selected to capture items of 
interest for a given application. For example, if the imaging 
system is used to capture a panorama of an outdoor scene, 
the relevant visual information may be contained within 10 Area at imager=(pi)r ,..-(pi)r2 ...=(pi) (-?-,. .• ~ 2,,) 

Imager length=2r', where r'=square root [r\.-r\,] 

A configuration in the form of Example I achieves an 
image in which the peripheral portion (0-45 degrees with 
respect to the horizon) of the field of view preferably 
encompasses between approximately 90% to 100% of the 
entire usable area of the imager device, rather than the 35% 
or less that is typical with commercially available wide
angle, fish-eye, or other conventional lenses. A configuration 
in the form of Example II achieves an image in which the 
peripheral portion preferably encompasses between 50% to 
70% of the usable area of the imaging device surface. 

The system of Example II is best suited for applications 
where all information contained in the field of view is 
relevant, although to differing degrees. The combination 
system of Example Il relies on the principal use of a Bravais 
System where a hemispherical lens or a combination of 
lenslets magnify an object to an image, wherein the object 
and image lie in the same plane. In this case, the hemi
spherical lens is made of gradient index material such that 
points impinging the image plane incur different factors of 
magnification depending on what index of refraction and 
what portion of the hemispherical curve or lenslets they pass 
through. This concept is used in combination with a multi
element refractive lens that is designed to capture a wide 
field of view and also compensate for the color aberration 
induced by insertion of the hemispherical lens. This color 
compensation can be designed by those skilled in the art by 

40 degrees of the horizon. The lens of the present invention can 
thus be designed to enhance only the field of view witµin 10 
degrees of the horizon. On the other hand, if the imaging 
system is being used to capture a room scene within a 
building, the relevant visual information may include 

45 objects on walls and thus be contained within about 45 
degrees from the horizon. A peripheral enhancing lens can 
thus also be designed to enhance the field of view up to 45 
degrees from the horizon. Of course, the enhanced portion of 
the field of view depends upon the needs of the particular 

50 application, with the enhanced portion preferably falling 
somewhere between these two extremes. In any case, the 
principles of the present invention can be applied to these 
types of situations with equal success, with any appropriate 
corrections being made with the image transform 

55 processocs, as will be described herein in more detail. 
As illustrated in FIGS. 3AA-3AC, a preferred form of the 

Example I form of optical system comprises a standard wide 
field lens and a coordinated fiber array. The focal length of 
the wide field lens is scaled in order to match the peripheral 

60 field of view desired. The coordinated fiber array consists of 
an annular input face that collects the image projected from 
the standard wide field lens. The fiber bundle array then 
redirects the information from the peripheral view to its 
output end by total internal reflection. Fibers capable of 3 

65 micron accuracy, covering the area of the annual region, are 
coordinated into a rectangular or circular shape at their 
output, depending on the geometry of the corresponding 
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imaging device. The size of output is also matched to the 
camera imaging device used. 

Of course, these system configurations and parameters are 
only exemplary in nature and other configurations and 
parameters of the present invention could be used to provide 5 

enhanced peripheral imaging capabilities, as should be 
apparent to those skilled in the art. 

C. Imager Device 

14 
lated between . speakers automatically controlled by the 
direction of the current speaker's voice from the array 
disposed at or near the center of the conference table. 
Camera steering and image segment selection among par
ticipants speaking is undetectable by the participants, pro
viding for minimal distractions and maximum concentration 
by the participants of the conference. 
IL Image Storage 

The image received on the imager device is passed on to With the present inventioa a video camera 11 receives the 
optical image from the lens and fiber optic array. 

It should be apparent from the above discussion that when 
the imager device is used with a lens constructed according 

10 the system components for storage and/or transmission to a 
remote teleconferencing site. For photographic processes, a 
storage device might be film; while for electronic processes, 
the storage device might be electronic storage in the form of to the principles of the present invention, the imager device 

will collect more information along the horizon than it will 
from the central area of the hemispheric scene. With only a 15 
given limited resolution of either film emulsions or CCD 
pixel density. the lens focuses more useful infonnation at the 
imaging plane. The peripheral portion of the scene will 
therefore have a higher relative resolution in the resultant 
transformed image than the central portion. Thus, the details 20 
of any objects along the horizon will be more highly 
accentuated. Further, any distortion (e.g., spherical 
aberration) that occurs in the peripheral region of the lens 
will be imaged onto a larger surface area and can thus be 
more easily and fully compensated for. Also, as imaging 25 
device resolution improvements are made over time, periph
eral enhancing lenses and configurations will continue to 
yield improved visual renditions. 

random access memories, a conventional diskette or hard 
file, or video recording tape. The entire display of the scene 
( along with any secondary documentation) can be stored as 
a single image on the storage device. 

As should be apparent from the configuration of the 
imager device in FIG. 4, the image is stored or transmitted 
in a "warped" form. The warped image is caused not only by 
the wide-angle nature of the lens (i.e. the "keystoning" 
effect), but also by the enhanced peripheral field of view of 
the lens (i.e., magnification along the periphery). The under
lying concept is that a partial slice of the scene can be 
reproduced with the proper aspect ratio for the human visual 
system (i.e., as a perspective corrected view). 

Looking at FIG. 5, the stored image will be loaded into the 
source image buffer 40 if it has been stored in electronic 
form on the host system, an example of which would be a 
personal computer or controller. Alternatively, the image can 
be brought in for processing without going through storage 
for real-time teleconferencing transmission. As one option, 
an analog signal from a video camera 11 (FIG. IA) can 
connect into an NTSC-to-digital converter 42. This converts 
the image from analog information into a digital bit map 
(i.e., into "pixels"). The source image is then loaded into the 
source image frame buffer 40. However, as indicated 
previously, any type of camera can be used to provide the 
electronic input to buffer 40. The buffer preferably operates 
with sufficient speed so that real-time viewing is possible. 
IlI. Image Retrieval/Display 

Referring to FIG. IA, the video camera 11 image can be 
selectively accessed and transformed for display at the 
source location or at a remote teleconference location. In 

· The image mapped onto the imager device can be 
described by a series of concentric circles, as schematically 30 

illustrated in FIG. 4. AB an example, each circle on the 
imager device can be described by radii of arbitrary units, 
e.g., 2, 5, 9, 14, etc. The radii of the circles depends on the 
magnification of the different regions of the hemisphere, 
with the blocks in the outer circles having a greater area as 35 
the magnification of the peripheral region increases. In an 
arbitrarily selected illustration case, each concentric circle 
represents 18 degrees field of view from the horizontal 
plane, with the outer circumference of the outermost circle 
being level with the horizon. The inventors have determined 40 

that the arc subtending the two outer circles (i.e., 36 degrees 
from the horizon) contains the relevant information in many 
hemispheric scenes for many applications (although again, 
this value can be varied depending upon the particular 
application). 

Calculating the total circular area of the entire image 
circle yields 1257 units squared. The are of the three inner 
circles is 254 units squared. Therefore, the two outer circles 
contain about 80% of the usable area on the imaging device. 
Note that the image blocks corresponding to the horizon are 50 
spread across more area on the imager device than those in 
the central area of the image. Thus, the image blocks of the 
imager device are dominated by objects along the horizon, 
and those are the area of interest. This correlates to greater 
resolution for the peripheral areas of the scene. 

45 order to recreate a proper display of the scene in two 
dimensions for perspective-correct viewing, processor logic 
in transform processor engine 22 is utilized (see FIG. 1). The 
transform processors may be made of collections of small-

The panoramic image provided by the imager is ideally 
suited for teleconferencing. For example, with the image 
lens apparatus mounted in the center of a conference table, 
from the plane of the table, a hemispheric view is presented. 

55 

If the participants of the conference are seated around the 60 

table and the microphone array located conveniently on the 
table, the important image information, i.e. the participants, 
are found with the imager along a 10 to 30 degree or 45 
degree segment of the horizon, by far the bulk of the images 
of interest. Therefore, using the present invention with audio 65 
detection to determine the direction of the current speaker, 
the desired image segments can be electronically manipu-

scale, medium-scale, large-scale, or very-large-scale inte
grated (VLSI) circuits, examples of which are image 
re-sampling sequencers, comm.ercially available from Ray-
theon Semiconductors (formerly TRW LSI Products, Inc., 
LaJolla, Calif.), which are marketed under the mark/ 
designation TMC2301 and TMC2302. 

In FIG. 5, the re-sampling sequencers control the address 
sequencing of the pixels in the source image buffer 40 
through a multiply-accumulate unit 44'1, and from there into 
the warped image buffer 48. The sequencers control the 
filtering or remapping of two-dimensional images :from. a set 
of Cartesian coordinates (x,y) as defined within each sector 
"unit" (Al, Bl, etc.) onto a newly transformed set of 
coordinates (u,v). The "fish-eye" type of transformations 
described in U.S. Pat. No. 5,185,667 are based on non
constant second-order derivatives. A dilferent set of second-
order derivatives employed for the transform.s associated 
with the sequencers can also handle three-dimensional 
images by re-sampling them from a set of Cartesian coor-
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dinates (x,y,z) into a new, transformed set (u,v,w). Typically, 
these sequencers can support nearest-neighbor, bilinear 
interpolation or convolution re-sampling, and can operate at 
speeds allowing real-time operation. Alternate electronic 
solutions can be constructed using VLSI or application- 5 

specific integrated circuits. 

distorted images generated through this invention's optical 
system can also be input through optional conversion block 
42 to allow dynamic manipulation of previously recorded 
image data. 

The image transformation performed on the captured 
digitized image from modified hemispheric coordinates to 
planar coordinates for display is one of a multitude of 
possible image transformations, any of which can be 
invoked in real-time for smooth merging of effects. These 
transformations include, but are not limited to pans, 
up/downs, zooms, tiles, rotations, scaling, cropping, and 

Re-mapped pixel locations (i.e., interpolation "kernels") 
of more than one pixel in the bit map requires an external 
interpolation coefficient look-up table 50 and the multiply/ 
accumulate unit 46 as shown in FIG. 5. A table "walk" is 10 

typically perfonned on each source pixel, thus providing a 
smoother image by summing the products of the original 
lens image data \vith the appropriate interpolation coeffi
cients. By capturing the hemispheric lens image data into 
source image buffer 40, the warp engine can be programmed 
to perform a perspective correction, much like an inverse 
keystoning effect The re-mapping of the pixel locations is 
matched to the differential magnification of the particular 
periphery-enhancing lens used. 

Direct access to the interpolation coefficient look-up table 
50 and to the transformation parameters is also often desir
able to allow· dynamic modffication of the interpolation 
algorithm. Thus, a local interpolation coefficient bu:lfer 52 to 
update the varying transform parameters is included to allow 
for real-time still and motion image transformations. 

image shear, which can be controlled using human or 
computer input. Image :filtering can be performed as well as 
edge detection in associated processes during the course of 

15 manipulation. These services can be applied to any system 
image loaded into the source image buffer, thus providing a 
host of added features beyond the simple application of the 
hemispheric lens and display system. 

The advantage of the image transformation logic becomes 
20 apparent when describing particular applications. A security 

camera application can be implemented to view an entire 
panorama such that the security monitor will display full
motion rate images in real-time. Source image coordinates 
for still images can also be sequenced, allowing perceived 

25 animation or full-motion renditions by simply reloading new 
source image coordinates into the warping engines as frames 
are drawn from memory. Details from other stored images 
can be utilized to give the effect of full motion panning of 

The row and column warping engines 58a, 58b of the 
transform processor 22 supply addresses to the source image 
buffer 40. The addresses are determined by the interpolation 
algorithm chosen. The multiply-accumulate unit 46 takes the 
pixels supplied by the source image buffer 40 under warping 30 

engine control and multiplies the pixels together using 
combinational logic with weighting factors dependent on the 
algorithm. Compensation for aberration (e.g., spherical 
aberration) can also be made at this point. Finally, the 
composed interpolated pixels are sent to the warped image 
buffer 48. The address location within the warped image 
bu:lfer is again determined by the warping. The algorithm 
parameters from lookup table 50 are input to the registers of 
the row and column warping engines 58a, 58b, as well as 
into the interpolation coefficient buffer 52. 

the horizon within the captured image by the lens. 
Finally, the transform processor subsystem can produce 

multiple di:lferent outputs simultaneously from individual 
stored or currently converted images. Referring to FIGS. 6A 
and 6B, with the main transform processor circuits collected 
into a simplified single block as shown in the lower drawing, 

35 multiple outputs are generated from a single image source, 
either motion or still, with individual effects for each scene 
as desired, allowing several scenes on di:lferent display 
devices or several windows on a single display. TIJis is 
accomplished by incorporating several image processing 

40 subsystems within one overall system. 
The memory controller/clock circuitry 62 provides 

refresh control to the source and warped image buffers 40, 
48. In addition, all clock sources are synchronized through 
this circuitry. The bus interface and control circuitry 56 also 
provide an interface to the host system bus (i.e., for MCA, 
ISA, etc.) and the re-mapping circuitry. This interface logic 
serves to load control information into the re-mapping 
circuitry and to provide a path to transport warped images to 
the system display buffer (not shown; part of host system), 
or store images to disk via the system bus prior to warping. 
An optional random access memory digital-to-analog con
verter (RAMDAC) 66 provides support for a local display 
connection if desired. 

One feature of the transform processors is the valid source 
address :flag within the transform processor engine. This 
allows the user to construct abutting sub-images in the (x,y) 
plane without danger of edge interference. Thus, edge detec
tion of the unused areas outside the circular image of FIG. 
4 can alert the system to ignore these values. 

The image capture function can also be accomplished 
with motion video devices. All types of image data are input 
to the source image buffer 40 for processing as desired. The 
NTSC digitizer 42, for example, can provide real-time data 
from an NTSC video camera 11 used for teleconferencing. 
Any similar device that converts an image to the appropriate 
digital fonnat for input to the source image buffer can be 
employed as optional element 42 in FIG. 5. Prerecorded 

In all cases, by having greater resolution of the peripheral 
image of a scene, the details of any objects along the horizon 
will be enhanced. Further, aberrations occurring around the 
periphery of the lens (i.e., spherical aberrations) can be more 

45 fully and completely compensated for, as the aberrations are 
spread across a greater area on the imager device. 

As described above, the present invention provides a 
visual imaging system that efficiently captures, stores, and 
displays visual information about an enhanced hemispheric 

50 field of view existing particularly along the horizon, and that 
allows electronic manipulation and selective display thereof 
even after acquisition and storage, while minimizing distor
tion. The present invention provides an automatic, audio 
directed video camera steering of segmented images 

55 selected from a hemispherical view ideally suited for tele
conferencing. 

The principles, embodiments, and modes of operation of 
the present invention have been described in the foregoing 
specification. The invention that is intended to be protected 

60 herein should not, however, be construed to the particular 
form described as it is to be regarded as illustrative rather 
than restrictive. Variations and changes may be made by 
those skilled in the art without department from the spirit of 
the present invention. Accordingly, the foregoing detailed 

65 description should be exemplary in nature and not limiting 
as to the scope and spirit of the invention as set forth in the 
appended claims. 
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What is claimed is: 
1. An automatic audio controlled video camera steering 

system for electronic imaging and manipulation of a hemi
spheric field of view, comprising: 

at least two microphones; 5 

audio detection circuitry connected to said microphones 
for determining which of said microphones is receiving 
audio energy; 

means for generating a signal representing the direction of 
10 

the received audio energy based on signals from the 
microphones; 

a video camera for receiving optical images of the field of 
view and for producing video image output signals; 

an optical system associated with said video camera for 15 
producing the optical images from a hemispheric field 
of view for optical conveyance to said video camera, 
said optical system having a configuration that empha
sizes the peripheral content of the panoramic field of 
view (when the central lens axis is oriented vertically) 20 

as compared to the central content of a hemispheric 
field of view, this being accomplished through differ
ential magnification; 

an imager device associated with said camera for receiv
ing the optical images from said lens and for providing 25 
digitized output signals; 

input image memory for receiving the digitized output 
signals from said imager device and for storing the 
digitized output signals; 

30 
an image transform processor or set of circuits for selec

tively accessing and processing the digitized output 
signals from said input image memory according to 
user defined criteria; 

output image memory for receiving the processed signals 35 
from the image transform processor, and 

means connected to said output image memory from said 
hemispheric field of view for selecting a particular 
segmentized image from the hemispheric field of view 
representative of the direction from the camera of the 40 

microphone array determined to be receiving sound 
wave energy; 

an output display connected to said output image memory 
for displaying the signals in said output image memory 
according to the user defined criteria. 45 

2. The system as in claim 1, wherein said optical system 
has a configuration that images the peripheral portion of the 
hemispheric scene onto at least 50% -90% of the usable 
surface area of the imaging device, when used in an elec-
tronic image capture apparatus. 50 

3. The system as in claim 2, wherein said optical system 
includes a color aberrated wide field lens and a gradient 
index hemispheric lens. 

4. The system as in claim 2, wherein said optical system 
has a configuration which emphasizes the field of view from 55 
1 to 45 degrees up from the horizon in a hemispherical 
captured image, the lens representing one of many configu
rations that may selectively emphasize some subset of the 
aforesaid 1 to 45 degrees covered. 

5. The system as in claim 4, wherein said optical system 60 
includes a wide field multi-element lens and a coordinated 
fiber array geometrically fabricated with an annular input 
end and a rectangular output end. 

6. The system as in claim 4, wherein said optical system 
includes a wide field multi-element lens and a coordinated 65 

fiber array geometrically. fabricated with an annular input 
end and a circular output end. 

18 
7. A teleconferencing system for electronic manipulation 

of a hemispheric scene, comprising: 

a plurality of microphones; 

means connected to the output of said microphones for 
determining the amplitude levels of audio signals from 
the microphones; 

means for detecting and comparing the audio signals from 
said microphones to determine the direction of a par
ticular speaker; 

means for providing an output signal representing the 
direction of a speaker at a given time; 

a camera imaging system for receiving optical images of 
the field of view and for producing output video signals 
corresponding to the optical images; 

an optical system associated with said camera imaging 
system for producing the optical images from a field of 
view for optical conveyance to said camera imaging 
system; 

an imager device associated with said camera for receiv
ing the optical images from said lens and for providing 
digitized output signals; 

input image memory for receiving the digitized output 
signals from said imaging device and for storing the 
digitized output signals; 

an image transform processor for selectively accessing 
and processing the digitized output signals from said 
input image memory according to user-defined criteria; 

means connected to said image transform processor from 
said microphone direction means to provide the image 
segment of a hemispheric scene to be selected repre
senting the direction of the speaker based on the audio 
signals from that array of microphones; 

output image memory for receiving the processed signals 
from the image transform processor means; 

an output display device connected to said output image 
memory for displaying the signals in said output image 
memory according to user-defined criteria; 

wherein the improvement comprises said optical systems 
having a configuration that emphasizes the peripheral 
content of field of view of a hemispheric scene as 
compared to the central content, such that said imager 
device receives magnified optical images of the periph
eral portion of the hemispheric field of view. 

8. A teleconferencing method for electronically capturing, 
storing, and manipulating a hemispheric field of view, 
having a plurality of individual human speakers, comprising 
the steps of: 

providing a plurality of microphones connected to a 
microphone audio detection circuit that can provide an 
output signal that determines which microphone is in 
use at a given point in time, indicative of the direction 
of the hwnan speaker; 

providing an optical system having a configuration that 
enhances the peripheral portion of the field of view in 
the direction of the human speaker; 

capturing the hemispheric field of view with the 
periphery-enhancing optical system and imaging the 
field of view onto an imager device by enhancing the 
peripheral field of view; 

storing the captured image as a single image; 
selectively accessing a portion of the stored image accord

ing to user-defined criteria; 
transforming the stored image so that the stored image can 

be displayed as a perspective-correct image; 
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selecting from a portion of the field of view a specific 
image segment representative of the direction of the 
speaker; 

displaying the perspective-correct image in a user-defined 
format. 5 

9. The method as in claim 8, wherein said transforming 
step comprises manipulating the peripheral-enhanced image 
into a perspective-correct image. 

10. The method as in claim 8, wherein said periphery
enhancing optical system selectively magnifies visual con- 10 

tent within an arc of between 10 and 45 degrees up from the 
horizon in a hemispheric field of view onto the imager 
device. 

11. The method as in claim 8. wherein the storage step 
comprises storing the captured image in electronic storage. 15 

12. A method for electronically manipulating a hemi
spheric scene having an enhanced peripheral field of view 
stored as an image on a video camera, comprising the steps 
of: 

providing a plurality of microphones connected to an 20 

audio detection circuit that determines the direction of 
a given speaker; 

converting the image on a video camera into electronic 
output signals; 

selectively accessing a portion of the output signals 
according to user-defined criteria; 

25 

transforming the accessed portion of the output signals by 
manipulating the peripheral-enhanced field of view so 
that the stored image can be displayed as a perspective- 30 
correct image in a direction based on audio signals 
from said audio detection circuit; 

selecting a particular image segment as a function of 
speaker direction for display; 

displaying the perspective-correct image in the user- 35 

defined format. 
13. A videoconferencing imaging system having auto

matic camera steering comprising: 
plurality of microphones disposed in a common plane 

40 
strategically positioned relative to each other and rela
tive to conference participants to be captured on video 
for remote video and audio transmission of each par
tic.ipant' s image and spoken word; 

microphone output circuit connected to each of said 4 5 
microphones; 

audio detection processor having an input connected to 
said microphone output circuit; 

conference platform for arranging participants in indi-
vidual locations about said conference platform; 50 

video camera including a hemispheric lens mounted stra
tegically in a predetermined location on said confer-

20 
ence platform capable of presenting a hemispheric view 
to said video camera from said platform; 

video image view warping logic circuit connected to the 
output of said video camera and said output of said 
audio direction processor, said video image view warp
ing logic circuit having a video output of specific 
regions of interest based on said hemispheric lens 
image and having an audio output; 

a computer processor or other controller circuits having 
input connected to said view warping logic circuit for 
controlling the desired specific region of interest as a 
function of audio directed processor input related to the 
participant speaking to create a normal aspect ratio 
view based on the participants using the system; and 

video and audio transmission medium connected to the 
output of said view warping logic circuit for transmit
ting said audio and video signals to said remote video 
conference. 

14. A videoconferencing image system having automatic 
camera steering as in claim 13, including: 

said video image view warping logic circuit including a 
source image buffer connected to the input from the 
video camera lens; 

a row (X) warp engine having an output connected to said 
source image buffer; 

column (Y) warp engine, said row warp engine and said 
column warp engine connected to panoramic image 
transformation parameter look up table and said com
puter control output; 

intelJ)olation coefficient buffer connected to the output of 
said row (X) warp engine and said column (Y) warp 
engine; 

multiply accumulation unit connected to the output of said 
source image buffer and said interpolation coefficient 
buffer for receiving coefficient data; 

memory control device connected to the output of said 
panoramic image transformation parameter look up 
table and said computer controller; 

warped image buffer connected to the output of said 
column (Y) warp engine and said memory control and 
having a warp data output connected to said transmis
sion medium whereby the selection of a normal aspect 
ratio view containing specific regions of interest 
selected by the determination of the participant speak
ing is based on the participant's direction, as deter
mined by the audio direction processor. 

* * * * * 
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[57] ABSTRACT 

An image is picked up by a camera comprising a fisheye lens 
having a relationship of h=n-f-tan(8/m), wherein h is the 
height of an image of a subject at a certain point, f is the 
focal distance of the fisheye lens, 8 is a field angle, m has a 
value of 1.6~m~3, and n has a value of m-0.4~n~m+0.4, 
and the image data of which is output from the camera, is 
converted into a plane image by an image data processing 
unit, and this converted image is then output to a monitor 
unit. Preferably, n and m both equal 2. 
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IMAGE PICK-UP DEVICE, IMAGE DISPIAY 
DEVICE AND INFORMATION RECORDING 
MEDIUM COMPRISING A FISHEYE LENS 

BACKGROUND OF THE INVENTION 

The present invention relates to an image pick-up device 
comprising a fisheye lens, an image display device and an 
information recording medium, all of which can obtain a 
high-quality converted image when an image picked up by 
the fisheye lens is converted into a plane image. 

A monitoring system using a camera which enables 
product examination at a plant or construction work at a 
construction site to be monitored from a remote place has 
recently been developed. In this monitoring system, depend
ing on what is monitored, capability of monitoring a wide 
range at a limited number of cameras is desired. To realize 
this, the development of a monitoring system comprising a 
fisheye lens which can pick up an image of all the directions 
of the field of view around the optical axis at a field angle 
of at least 90° in each direction with respect to the optical 
axis is under way. 

5 

10 

2 
plane image when images of all the directions of the field of 
view around the optical axis are picked up at a field angle of 
at least 90° with respect to the optical axis and are converted 
into plane images. 

Various other objects, advantages and features of the 
present invention will become readily apparent to those of 
ordinary skill in the art, and the novel features will be 
particularly pointed out in the appended claims. 

SUMMARY OF THE INVENTION 

To attain the above object, according to a first aspect of 
the present invention, there is provided an image pick-up 
device comprising a fisheye lens for picking up an image of 
all the directions of the field of view around the optical axis 

15 of the fisheye lens at a field angle of at least 90° in each 
direction with respect to the optical axis, wherein the fisheye 
lens has a relationship of h=nf-tan(8/m) (wherein h is the 
height of an image of a subject at a certain point obtained by 
the fisheye lens, f is the focal distance of the fisheye lens, 

20 1.6~m~3, m-0.4~n~m+0.4, and e is a field angle). 

Use of this fisheye lens makes it possible to obtain an 
image of all the space with a single camera. That is, the 
space is regarded as a single sphere, a camera is installed at 

25 
the center of the sphere, an image of half of the sphere is 
picked up by the fisheye lens, the camera is turned at an 
angle of 180° from that position, an image of the other half 

According to a second aspect of the present invention, the 
fisheye lens is constructed by a master lens provided on an 
existing image pick-up device and by an attachment lens to 
be attached to the master lens. 

Further, according to a third aspect of the present 
invention, there is provided an image display device com
prising an image data processing unit for converting an 
image obtained by the image pick-up device of the first or of the sphere in the opposite direction is picked up, and the 

two images are combined together to obtain an image of all 
the directions of the field of view in the space of 360°, that 
is, the sphere. This image is converted into a plane image. 

As the monitoring system comprising a fisheye lens of the 
prior art, there is a system disclosed by Japanese Patent 
Application Laid-open No. Hei6-501585 (to be referred to 
as "prior art" hereinafter), for example. Although this prior 
art makes it possible to pick up an image of all the directions 
of the field of view, the lens used in the prior art is a fisheye 
lens having a relationship of h=f-8 (wherein his the height 
of an image of a subject at a certain point obtained by the 
fisheye lens, f is the focal distance of the fisheye lens and 8 
is a field angle). This is obvious from the fact that Nikon's 
8-mm f/2.8 lens is used as the fisheye lens in the above 
Japanese Patent Application Laid-open No. Hei6-501585. 
Conventional fisheye lenses generally have a relationship of 
h=f·8 and Nikon's 8-mm f/2.8 fisheye lens has the above 
relationship of h=f·8. 

The method of picking up an image by a fisheye lens 
having this relationship of h=f·8 and converting the image 
into a plane image is called "equidistant projection". Since 
an image picked up by a fisheye lens having the above 
characteristics has a small volume of image data on its 
peripheral portion (field angle of around 90° with respect to 
the optical axis of the fisheye lens), when the image is 
converted into a plane image, there are many missing 
portions of image data on the peripheral portion of the image 
and the missing portions must be interpolated. In addition, 
the image picked up by the fisheye lens having the above 
characteristics involves such a problem that the peripheral 
portion of the image is distorted. 

An object of the present invention is to provide an image 
pick-up device comprising a fisheye lens, an image display 
device and an information recording medium, which mini
mize missing portions of image data by extracting a large 
volume of image data at a field angle of around 90° with 
respect to the optical axis of the fisheye lens to reduce 
interpolating of the missing portions and can obtain a natural 

30 
second aspect of the present invention into a plane image 
and a display unit for displaying the converted plane image. 

According to a fourth aspect of the present invention, 
there is provided an information recording medium that 
records a program having at least the step of converting an 

35 image obtained by a fisheye lens having a relationship of 
h=nftan(8/m) (wherein h is the height of an image of a 
subject at a certain point, f is the focal distance of the fisheye 
lens, 8 is a field angle, 1.6~m<3. and m-0.4~n~m+0.4) 
into a plane image, the step of displaying a predetermined 

40 portion of the converted plane image on a display unit and 
the step of changing continuously the predetermined portion 
with instruction means. 

One of the fisheye lens used in the present invention has 
the relationship of h=2f·tan(8/2). Compared with an ordi-

45 nary fisheye lens having a relationship of h=f·8, an image at 
a peripheral portion (field angle of around 90° with respect 
to the optical axis of the fisheye lens) is enlarged and 
missing portions of image data on the peripheral portion can 
be minimized with the fisheye lens in a=ordance with the 

50 present invention. With this, when a picked-up image is to 
be converted into a plane image, the interpolating of image 
data can be reduced, thereby making it possible to obtain a 
more natural plane image. 

The fisheye lens according to the present invention may 
55 be constructed by attaching an attachment lens to a master 

lens provided on an existing camera so that the fisheye lens 
can be attached to almost all the existing cameras. In 
addition, only the attachment lens is newly produced, 
thereby making it possible to reduce costs. 

60 Further, the image display device for displaying a plane 
image converted from an image picked up by the image 
pick-up device having the above fisheye lens on a display 
unit makes the displayed image easy to be seen, thereby 
improving the value of the device. When the information 

65 recording medium recording the above steps is read by a 
computer and the program is executed, a more natural plane 
image can be displayed on the display unit and the displayed 
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portion can be freely shifted within the range of the image 
picked up by the image pick-up device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

4 
image data processing unit 3 for processing image data from 
the camera 2, and a monitor unit 4 for displaying an image 
processed by the image data processing unit 3. The image 
data processing unit 3 has a CPU, memory means and the 
like and performs various processing using image data 
output from the camera 2. In the case of the present 
invention, the image data processing unit 3 also converts an 
image picked up by the fisheye lens 1 into a plane image. 

As shown in FIG. 2, the fisheye lens 1 used in this 

The following detailed description, given by way of 5 

example and not intended to limit the present invention 
solely thereto, will best be appreciated in conjunction with 
the accompanying drawings, wherein like reference numer
als denote like elements and parts, in which: 

10 
embodiment roughly consists of a lens unit (called master 
lens unit) 10 provided on the camera 2 and a lens unit ( called 
attachment lens unit) 20 that can be attached to and detached 
from the master lens unit 10. The fisheye lens 1 of the 
present invention functions as a fisheye lens when the 

FIG. 1 is a schematic structural diagram of an image 
processing system using an image pick-up device compris
ing a fisheye lens according to the present invention; 

FIG. 2 are a structural diagram of the fisheye lens shown 
in FIG. 1 and a corresponding diagram schematically show- 15 

ing lens intervals (lens intervals and lens thicknesses); 

attachment lens unit 20 is attached to the master lens unit 10. 
The attachment lens unit 20 consists of a first lens 21, a 

second lens 22, a third lens 23, a fourth lens 24 and a plate 
25. The master lens unit 10 consists of a fifth lens 11, a sixth 
lens 12, a seventh lens 13, an eighth lens 14, a ninth lens 15 

FIG. 3(A) is a diagram showing the relationship between 
field angle 8 and image height h with respect to fisheye 
lenses having relationships of h=f·8, h=2f-sin (8/2), h=f-sin 
8, h=ftan 8, h=3ftan (8/3), h=2f(tan 8/1.6) and one of the 20 

fisheye lenses of the present invention having a relationship 

and a diaphragm 26 interposed between the sixth lens 12 and 
the seventh lens 13. 

The curvature R (diameter of the curved surface of the 
lens) of each lens and interval D (lens thickness or lens 
interval) in this embodiment are as follows. That is, begin
ning with the curvature Rl of the left curved surface of the 

of h=2ftan(8/2); 

FIG. 3(B) is a diagram showing the relationship between 
field angle 8 and image height h with respect to fisheye 
lenses having relationships of h=2f·tan(8/1.6), h=2.4f-tan(8/ 
2), h=3.4f·tan(8/3), h=l.2f·tan(8/1.6), h=l.6f·tan(8/2) and 
h=f·8. 

FIGS. 4(A) to 4(D) are views illustrating, in concentric 
circles each centering around the optical axis of each fisheye 
lens shown in FIG. 3, changes of image heights when the 
field angle is changed in 10° with respect to the optical axis 
of each fisheye lens; 

FIG. 5 is a diagram for explaining a method of polar
coordinate converting a hemispherical image obtained by a 
fisheye lens; 

FIG. 6 is a diagram for explaining a method of obtaining 
the position of an image formation point on the surface of 
CCD image pick-up elements in the polar coordinate con
version of FIG. 5; 

FIG. 7 is a flow chart for explaining the steps of process
ing an image using the image processing system of FIG. 1; 

FIGS. 8(A) and 8(B) are diagrams showing another 
application example of the image pick-up device of the 
present invention, wherein FIG. 8(A) is a schematic diagram 
showing the side thereof and FIG. 8(B) is a diagram when 
seen from a direction indicated by an arrow Bin FIG. 8(A); 

25 first lens 21 on the leftmost side of FIG. 2, in tum!' the 
curvatures Rl and R2 of the first lens 21 are 40.0 mm and 
9.0 mm, the curvatures R3 and R4 of the second lens 22 are 
-26.0 mm and 80.0 mm, the curvatures R5 and R6 of the 
third lens 23 are -36.0 mm and -20.0 mm, and the curva-

30 tures R7 and R8 of the fourth lens 24 are -81.0 mm and 
-27.0 mm, respectively. 

Further, the curvatures R9 and RlO of the fifth lens 11 are 
14.0 mm and 68.0 mm, the curvatures Rll and R12 of the 

35 
sixth lens 12 are 9.0 mm and 3.0 mm, the curvatures R13 and 
R14 of the seventh lens 13 are 0.0 mm and -8.0 mm, the 
curvatures R15 and R16 of the eighth lens 14 are 10.0 mm 
and -6.0 mm, and the curvatures Rl 7 and R18 of the ninth 
lens 15 are 11.0 mm and -9.0 mm, respectively. 

40 Meanwhile, the thickness Dl of the first lens 21 on the 
leftmost side of FIG. 2 is 1.2 mm, the interval D2 between 
the first lens 21 and the second lens 22 is 10.00 mm, and the 
thickness D3 of the second lens 22 is 1.2 mm. The interval 
D4 between the second lens 22 and the third lens 23 is 14.0 

45 mm, the thickness D5 of the third lens 23 is 2.0 mm, the 
interval D6 between the third lens 23 and the fourth lens 24 
is 3.0 mm, and the thickness D7 of the fourth lens 24 is; 5.0 
mm. 

FIGS. 9(A) and 9(B) are diagrams showing still another 
application example of the image pick-up device of the 

50 present invention, wherein FIG. 9(A) is a schematic diagram 
showing the side thereof and FIG. 9(B) is a diagram when 
seen from a direction indicated by an arrow Bin FIG. 9(A); 
and 

Further, the interval D8 between the fourth lens 24 and the 
fifth lens 11 is 7.0 mm, the thickness D9 of the fifth lens 11 
is 2.0 mm, the interval DlO between the fifth lens 11 and the 
sixth lens 12 is 0.3 mm, and the thickness Dll of the sixth 
lens 12 is 0.8 mm The seventh lens 13, the eighth lens 14 and 
the ninth lens 15 can be moved in the direction of the optical 

FIG. 10 is a diagram showing another example of an 
image processing system utilizing the image pick-up device 
comprising a fisheye lens of the present invention. 

DETAILED DESCRIPTION OF CERTAIN 
PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be 
described hereinafter with reference to FlGS. 1 to 10. 

FIG. 1 schematically shows an image processing system 
utilizing an image pick-up device comprising a fisheye lens 
of the present invention. This image processing system 
comprises a camera (such as a video camera) 2 that is an 
image pick-up device equipped with a fisheye lens 1, an 

55 axis to change magnification, and the intervals between 
adjacent lenses to be described hereinafter are ma,'Cimum 
values thereof. The interval D12 between the diaphragm 26 
and the seventh lens 13 is 4.0 mm, the thickness D13 of the 
seventh lens 13 is 1.0 mm, the interval D14 of the seventh 

60 lens 13 and the eighth lens 14 is 1.0 mm, and the thickness 
D15 of the eighth lens 14 is 4.0 mm. 

The interval D16 between the eighth lens 14 and the ninth 
lens 15 is 2.0 mm, and the thickness D17 of the ninth lens 
is 4.0 mm. Parallel plates 16 and 17 are arranged on the right 

65 side in FIG. 2 of the ninth lens 15. 
In this arrangement, light incident upon the first lens 21 

passes through the first to fourth lenses 21 to 24, further 
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through the fifth to ninth lenses 11 to 15 and is input into 
CCD image pick-up elements 30 in the camera 2. In this 
attachment lens unit 20, parallel rays input into the first lens 

6 

21 are output from the fourth lens 24 as parallel rays. 
Therefore, this attachment lens unit 20 can be attached to 5 

almost all the cameras. The width of the parallel pencil of 
rays output from the fourth lens 24 of the attachment lens 
unit 20 (shown by "w" in the figure) is set to 'h or less the 
effective diameter of the master lens 10 of the camera to 
which the attachment lens unit 20 is attached. In FIG. 2, the 10 

spherical surface 40 at the front of the first lens 21 represents 

further an increase in image height h tends to be smaller as 
the field angle becomes closer to 90° when the fisheye lenses 
having the relationships of h=2f·sin(8/2) and h=f·sin8 are 
used. 

An increase in image height becomes larger toward the 
peripheral portion (field angle of 90°) when the fisheye lens 
having the relationship of h=f·tan 8 is used and more image 
data can be obtained. However, at a field angle 8 of 90°, tan 
8 becomes infinite. Since the fisheye lens is required to 
obtain an image of all the directions of the field of view 
around the optical aJds at a field angle of at least 90° with 
respect to the optical axis, it can be said that the fisheye lens 
having the relationship of h=f·tan 8 is not suitable. 

a virtual subject surface of the picked up image. 

As described above, the present invention is characterized 
in that a desired fisheye lens 1 constructed by the master lens 
unit 10 and the attachment lens unit 20 and has a relationship 
of h=2ftan(8i2) (wherein h is the height of an image of a 
subject at a certain position, f is the focal distance of the 
fisheye lens and 8 is a field angle). It is noted that although 
the preferred embodiment of the present invention has the 
above-indicated relationship, the present invention also 
embodies fisheye lenses having the relationship of h=n·f.tan 
(8/m), where m has the value of 1.6~m~3, and n has the 
value of m-0.4~n~m+0.4. Also, the present invention 
contemplates such a relationship when m equals n. Also, the 
relationship h=l.2 f-tan(8/m), m~l.6 also is embodied by 
the present invention. However, for purposes of discussion 
herein, m and n both equal to 2. 

The fisheye lens that has been generally used in the prior 
art has a relationship of h=f·8 as described above. These 
functions are used to map a spherical image as a polar
coordinate converted image. The relationship, other than 
that, may be h=2f·sin(8/2), h=2f=·sin 8 or h=f·tan 8. 

FIG. 3(A) is a diagram showing relationships between 
field angle 8 and image height h when fisheye lenses having 
relationships of h=2f·tan(8/2), h=f·8, h=fsin(8/2), h=f·sin 8 
and h=f·tan 8, etc. are used. Here, 8=90° shows a field angle 
with respect to the optical axis (the field angle of the optical 
axis is 0°). 

Therefore, the fisheye lenses having relationships of 

15 
h=2f.tan(8/2), h=f·8, h=2f-sin(8/2) and h=fsin8 may be 
used. FIGS. 4(A) to 4(D) show, in concentric circles each 
centering around the optical axis of each fisheye lens, image 
heights h when the field angle 8 is changed in 10° with 
respect to the optical axis of each fisheye lens. FIG. 4(A) 

20 
shows the image height in the fisheye lens having the 
relationship of h=2f·tan(8/2), FIG. 4(B) shows the image 
height in the fisheye lens having the relationship of h=f·8, 
FIG. 4(C) shows the image height in the fisheye lens having 
the relationship of h=2fsin(8/2), and FIG. 4(D) shows the 
image height in the fisheye lens having the relationship of 

25 
h=fsin8. In FIGS. 4(A) to 4(D), ho represents the height of 
an image Mo near the optical axis of each fisheye lens and 
he represents the height of an image Me at a field angle of 
around 90°. 

30 
As is understood from FIGS. 4(A) to 4(D), image height 

at a field angle of around 90° when the fisheye lens having 
the relationship of h=2fsin(8/2) or the fisheye lens having 
the relationship of h=f·sin8 is used is smaller than image 
height near the optical axis and only a small volume of 

35 
image data can be obtained. The image height he of an image 
Me at a peripheral portion of the fisheye lens that has been 
generally used and has the relationship of h=f8 is the same 
as the image height ho of an image Mo near the optical axis 
and the image is distorted. 

From these facts, it can be said that the fisheye lenses 
having relationships of h=2f·sin(8/2) and h=fsin8 are not 
preferred in view that how large volume of data can be 
obtained at a field angle of 90° or therearound. Even with the 
fisheye lens that has been generally used and has the 

In FIG. 3(A), a curve Cl shows the relationship between 40 
field angle 8 and image height h when the fisheye lens of the 
present invention having the relationship of h=2f·tan(8/2) is 
used, and a curve C2 shows the relationship between field 
angle 8 and image height h when a fisheye lens having the 
relationship of h=f·8 is used. A curve C3 shows the rela
tionship bet\veen field angle 8 and image height h when a 
fisheye lens having the relationship of h=2f·sin(8/2) is used, 

45 relationship of h=f8 is not satisfactory. 
In contrast to that, the image height he of the image Me 

at a peripheral portion of the fisheye lens 1 having the 
relationship of h=2f·tan(8/2) in accordance with the present 
invention is enlarged and larger than the image height ho of 

a curve C4 shows the relationship between field angle 8 and 
image height h when a fisheye lens having the relationship 
of h=2fsin8 is used, and a curve CS shows the relationship 
between field angle 8 and image height h when a fisheye lens 
having the relationship of h=f·tan8 is used. A curve Cl' 
shows the relationship of h=3f·tan (8/3) and a curve C" 
shows the relationship of h=2f.tan (8/1.6). 

FIG. 3(B), is a diagram shmving the relationship between 
field angle 8 and image height when fisheye lenses having 
relationships of h=2f·tan (8/1.6), h=2.4f·tan(8/2), h=3.4f·tan 
(8/3), h=l.2f.tan (8/1.6), h=1.6f·tan (8/2) and h=Hl. All of 
these fisheye lenses, except h=f·8, are embodied by the 
present invention. 

As is evident from FIG. 3, an increase in image height h 
at a field angle 8 of about 90° is largest when the fisheye lens 
having the relationship of h=f·tan 8 is used and is second 
largest when the fisheye lens having the relationship of 
h=2f·tan(8/2) is used. Changes in image height h with 
respect to changes in field angle 8 become linear when the 
fisheye lens having the relationship of h=f·8 is used and 

50 the image Mo near the optical axis, a larger volume of image 
data can be obtained in comparison with the conventional 
fisheye lens, and the obtained image is not distorted. 

When a single spherical image obtained by combining 
two hemispherical images of all the directions of the field of 

55 view around the optical axis of the fisheye lens 1, which are 
picked up at a field angle of 90° 'With respect to the optical 
axis is converted into a plane image by the image data 
processing unit 3, it is necessary to interpolate missing 
image data on the peripheral portion (field angle of around 

60 90° with respect to the optical axis) of the image. According 
to the present invention, since an image at the peripheral 
portion is enlarged and a large volume of data on the 
peripheral portion can be extracted, the volume of image 
data to be interpolated can be greatly reduced, when com-

65 pared with the conventional system. 
An image of all the directions of the field of view around 

the optical axis is picked up at a field angle of at least 90° 
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with respect to the optical axis and is polar-coordinate 
converted into a plane image in the following manner. 

An X, Y and Z coordinate system as shown in FIG. 5 is 
imagined in subject space. At this point, the optical axis of 
the fisheye lens 1 is made Z axis. The coordinates of a 
certain point p are represented as (Xl, Yl, Zl) and the 
elevation angle of the point p from the origin O of the 
coordinates with respect to the XZ plane is represented by 8. 
The elevation angle of the point p from the position of Zl on 
the Z axis with respect to the XZ plane is represented by 0. 

8 
The above two images are then combined together and the 

combined image is converted into a plane image by the 
image data processing unit 3 (step S3). At this point, an area 
corresponding to a connection portion between these hemi-

5 spheres must be corrected. Since the polar-coordinate con
verted image obtained by the fisheye lens 1 has a large 
volume of information on a peripheral portion, the process
ing of combining these images is easy. Thereafter, a prede
termined portion of the thus obtained plane image is 

10 extracted and displayed on the monitor unit 4 (step S4). 
When an x and y coordinate system having the optical 

axis (Z axis) as an origin o is imagined on the surface of 
CCD image pick-up elements 30 as shown in FIG. 6 and the 
focal distance of the fisheye lens 1 is represented by f, the 
image formation point (p') for the point pis located as shown 15 

in FIG. 6. In FIG. 6, rr is added to 0 because an image formed 

A user shifts the screen with instruction means such as a 
mouse when the user likes to change the displayed prede
termined portion. This shifting can be made continuously in 
any direction of 360° around the portion displayed on the 
monitor unit 4 (step S5). 

The above steps are for picking up an image of a sphere 
in all the directions of 360°. When only a single hemisphere 
is photographed, the same steps are taken. However, step S2 
is unnecessary and the processing of combining two images 
in step S3 is also unnecessary. 

at the point p' is inverted vertically and horizontally with 
respect to the image of the subject surface (point p). The 
optical axis in FIG. 6 is present in a direction perpendicular 
to the paper from the origin o of the x and y coordinates. 20 

The position of the point p' is expressed as polar coordi
nates with a length (h) between the origin o and the point p' 
and an angle 0+1t formed by op' and the x axis. When the 
polar coordinates are expressed on the x and y rectangular 

25 
coordinates, the position (xl, yl) on the x and y rectangular 
coordinates are expressed as follows. 

In the present invention, since the volume of information 
on the peripheral portion of an image obtained by the fisheye 
lens 1 is large, that is, an image at the peripheral portion is 
enlarged, it is convenient when the present invention is used 
for the examination of a product. For example, when the 
inner surface 52 of a cylindrical body 51 is photographed at 
the condition that the optical axis of the fisheye lens 1 of the 

(1) x1=h-cos (¢+:,,:) 

yl=h-sin (0+Jt) (2) 30 present invention is aligned with the central axis of the 
cylindrical body 51 as shown in FIGS. S(A) and S(B), a 
peripheral portion of an image can be extracted as an image 
having a larger volume of information than a central portion 
in the present invention. Therefore, it is easy to find that a 

In addition, the image height h of the point p' is represented 
by h=2f·tan(8/2), hence, when h=2f·tan(8/2) is substituted 
into the above expressions (1) and (2), the coordinates (xl, 
yl) of the image formation point p' on the surface of the 
CCD image pick-up elements 30 are as follows. 

x1=2f·tan (Ei/2)·cos (0+Jt) 

y=2f·tan (Ei/2)·sin (,i+JI) 

As; a result, they are expressed as follows. 

x=-2f·tan (Ei/2}cos ¢ 

y=-2f·tan (Ei/2}sin ¢ 

(3) 

(4) 

(5) 

(6) 

In the above expressions, 8 and 0 are defined as follows. 

8=tan-1 (v'x12+Y
12;z1) 

0=tan-1 (Yl/Xl) 

Thus, the position of the point p' on the surface of CCD 
image pick-up elements 30 can be obtained for the point p 
on the surface of the subject. 

35 scratch has been generated in the inner surface 52. 

40 

Consequently, this can be used for the examination of a 
pipe-like body such as a water pipe or gas pipe and further 
for the monitoring of a crack that bas been generated in the 
wall surface of a tunnel or the like. 

It can also be used for the examination of the connection 
condition of a small part such as an IC. That is, when a part 
71 is fixed to a substrate 74 by a solder 73 on its both sides 
72 and 72 shown in FIGS. 9(A) and 9(B), the soldering state 

45 of the part must be checked from its side direction in the 
prior art. However, when another part 75 is existent in a side 
direction, the solder 73 on the part 75 side cannot be seen 
through a camera, thereby making automatic examination 
difficult. On the other hand, even when the fisheye lens 1 is 

50 installed right over the part 71 as shown in FIG. 9(A), the 
side direction of the part 71 can be sufficiently photographed 
by the camera 2 comprising the fisheye lens 1 of the present 
invention, thereby enabling automatic examination with the 
camera 2. 

Thereafter, a description is subsequently given, with ref
erence to FIG. 7, of steps required when the sphere (all 
directions) is photographed by the camera 2 comprising the 55 

fisheye lens 1 and an image thereof is displayed on the 
monitor unit 4 that is the display unit. 

Although each foregoing embodiment is an example of a 
preferred embodiment of the invention, it is to be understood 
that the invention is not limited thereto and that various 
changes and modifications may be made in the invention 
without departing from the spirit and scope thereof. For 

First, a hemisphere in one direction is photographed by 
the camera 2 comprising the fisbeye lens 1 (step Sl). 
Thereby, an image of the hemisphere is formed on the 
surface of the CCD image pick-up elements 30 as a polar
coordinate converted image. Thereafter, the camera 2 is 
turned at an angle of 180° to photograph the other hemi
sphere in the opposite direction (step S2). Thereby, an image 
of the other hemisphere is formed on the surface of the CCD 
image pick-up elements 30 as a polar-coordinate converted 
image. 

60 example, the fisheye lens may be constructed by the attach
ment lens unit 20 alone without the master lens 10, or 
contrariwise may be constructed by an integrated unit of the 
master lens unit 10 and the attachment lens unit 20. Also, the 
construction and numerical values of the fisheye lens 1 

65 shown in the above embodiment are just examples and a 
fisheye lens having other construction and numerical values 
may be used. 

LGE Exhibit 1003 
LGE v. ImmerVision 

Page 208 of 356



6,128,145 
9 

Further, as the system comprising the fisheye lens 1 of the 
present invention, an image processing system 81 shown in 
FIG. 10 may be used. This image processing system 81 is 
mainly constructed with a camera 2 equipped v.rith a fisheye 
lens 1 and an image data processing unit/monitor 5 con- 5 

nected to the camera 2 by a cable. The image data processing 
unit/monitor 5 is a personal computer equipped with a 
monitor, and a key board Sa and a mouse 5b are connected 
to the computer as instruction means. 

Also, this image data processing unit/monitor 5 has a hard 10 

disk (not shown) in that the contents of an information 
recording medium (floppy disk) 6 recording a program for 
executing the steps S3, S4 and S5 shown in FIG. 7 are to be 
installed. By installing this program in the image data 
processing unit/monitor 5, the image data processing unit/ 15 

monitor 5 carries out the same function as the image data 
processing unit 3 which has been described in the foregoing. 

Image pick-up data may be transferred from the camera 2 
to the image data processing unit/monitor 5 by a memory 

20 
card such as a flash card or wireless communication such as 
infrared communication, besides a cable. Further, the pro
gram may be installed not from the floppy disk 6 but other 
recording medium such as a CD-ROM, or transferred from 
other storage unit over a network. When the program is 

25 
transferred over a network, the storage unit of a transmitter 
or the hard disk (storage unit) of the image data processing 
unit/monitor 5 serves as the information recording medium 
of the present invention. 

As having been described above, in the image pick-up 30 
device comprising the fisheye lens according to the first 
aspect of the present invention, the fisheye lens has the 
relationship of h=nHan(8/m) (wherein his an image height, 
f is a focal distance, and 8 is a field angle). With this, 
compared \\rith the ordinary fisheye lens having the relation- 35 
ship of h=f·8 (wherein h is an image height, f is a focal 
distance, and 8 is a field angle), an image at a peripheral 
portion (field angle of around 90° with respect to the optical 
axis of the fisheye lens) is enlarged and the volume of 
information is large, thereby making it possible to minimize 40 
the missing portions of image data on the peripheral portion. 
When the picked-up image is to be converted into a plane 
image, interpolating of image data can be thereby minimized 
and a more natural plane image can be obtained. 

Also, according to the second aspect of the present 45 

invention, by attaching the attachment lens different from 
the master lens provided on the existing image pick-up 
device ( camera) to the master lens, the fisheye lens is 
constructed by this master lens and the attachment lens. 
Therefore, the fisheye lens can be attached to almost all the 50 

existing image pick-up devices (cameras) and further, only 
the attachment lens is newly produced, thereby reducing 
costs. 

Further, according to the third aspect of the present 
invention, the image display device can convert a spherical 55 

image into a plane image ,vith ease and can display a more 
natural plane image. In addition, according to the fourth 
aspect of the present invention, when the program recorded 

10 
What is claimed is: 
1. An image pick-up device, comprising: 
a fisheye lens for picking up an image of all directions of 

a field of view around an optical axis of said fisheye 
lens at a field angle of at least 90° in each direction with 
respect to the optical axis, 

the fisheye lens having a relationship of h=n.f.tan(8/m), h 
being a height of an image of a subject at a predeter
mined point obtained by the fisheye lens, f being a focal 
distance of the fisheye lens, 8 being a field angle, m 
having a value of 1.6~m<3, and n having a value of 
m-0.4<n~ m+0.4. 

2. The image pick-up device of claim 1, wherein m and n 
are substantially equal. 

3. The image pick-up device of claim 1, wherein m and n 
both substantially equal 2. 

4. The image pick-up device of claim 1, wherein m and n 
both equal 2 such that the fisheye lens has a relationship of 
h=2Han(8)/2). 

5. The image pick-up device of claim 1, wherein the 
fisheye lens is constructed by a master lens provided on an 
existing image pick-up device and an attachment lens to be 
attached to the master lens. 

6. An image display device, comprising: 

an image data processing unit for converting an image 
obtained by the image pick-up device of claim 1 into a 
plane image; and 

a display unit for displaying the converted plane image. 
7. The image display device of claim 6, wherein said 

image data processing unit receives the image picked up by 
said fisheye lens. 

8. The image display device of claim 6, wherein m and n 
are substantially equal. 

9. The image display device of claim 6, wherein m and n 
both substantially equal 2. 

10. The image display device of claim 6, wherein m and 
n both equal 2 such that the fisheye lens has a relationship 
of h=2f·tan(8/2). 

11. An information recording medium having recorded 
thereon a program including at least the steps of: 

converting into a plane image an image obtained by a 
fisheye lens for picking up an image of all directions of 
a field of view around an optical axis of said fisheye 
lens at a field angle of at least 90° in each direction with 
respect to the optical axis, said fisheye lens having a 
relationship of h=n·ftan(8/m), h being a height of an 
image of a subject at a predetermined point obtained by 
the fisheye lens, f being a focal distance of the fisheye 
lens, 8 being a field angle, m having a value of 
1.6~m~3, and n having a value of m-0.4~n~m+0.4; 

displaying a predetermined portion of the converted plane 
image on a display unit; and 

changing continuously the predetermined portion with 
instruction means. 

12. The information recording medium of claim 11, 
wherein m and n are substantially equal. 

in the information recording medium is read and executed 
by a computer, a more natural plane image can be formed. 

13. The information recording medium of claim 11, 
wherein m and n both substantially equal 2. 

60 14. The information recording medium of claim 11, 
Therefore, it is intended that the appended claims be 

interpreted as including the embodiments described herein, 
the alternatives mentioned above, and all equivalents 
thereto. 

wherein m and n both equal 2 such that the fisheye lens has 
a relationship of h=2f.tan(8/2). 

* * * * * 
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Claim Analysis Chart of U.S. Patent No. 6,844,990 B2 ("the '990 patent") 

Detailed Explanation of Pertinency of Baker, Shiota, and Enami 

The '990 Patent Prior Art 
15. The method according to claim 10, further 
compnsmg: 
determining the color of image points of a display 
window, by projecting the image points of the display 
window onto the initial image by means of the non
linear distribution function, and 

allocating to each image point of the display window the 
color of an image point that is the closest on the initial 
image. 

Baker and Shiota disclose the elements of claim 10, as described in 
Appendix F. 
Enami discloses determining the color of image points of a display 
window, by projecting the image points of the display window onto the 
initial image by means of the non-linear distribution function. (Enami 
translation at paras. [0058], [0084]-[0085]). Enami discloses allocating to 
each image point of the display window the color of an image point that is 
the closest on the initial image. (Enami translation at paras [0072]
[0074]). Enami discloses a coordinate of a point of the fisheye lens image 
img corresponding to a coordinate of each point arranged on a raster in 
the image frame frm is specified, and a color information signal of the 
point having the coordinate is made to correspond to a color information 
signal of a point having a coordinate of the display frame frm, and thus it 
is possible to perform a correction process of transforming the fisheye 
lens image img to an original image. (Enami translation at para. [0058]). 
Enami discloses: "Here, the point (x", y") on the coordinates of the 
fisheye lens image obtained through the above-described operation is 
indicated by (u, v). In order to smoothly interpolate this coordinate point 
(u, v), the following interpolation process is performed. Color 
information signal components of three colors of a picture signal are 
indicated by Y, U, and V, those components of the point (u, v) are 
indicated by Yu, v, Uu, v, and Vu, v, values which become an integer by 
omitting decimal points of the coordinate components u and v of the point 
(u, v) are indicated by uO and vO, and a value of the color information 
signal Yin a point having the coordinate (uO, vO) is indicated by YuOvO. 
Similarly, the same content is indicated by UuOvO and VuOvO for the color 
information signals U and V. In addition, values obtained by rounding up 
decimal points of the coordinate components u and v are respectively 
indicated by ul and v 1, and values of the color information signals Y, U 
and V having a coordinate corresponding thereto are respectively 
indicated by Yul v 1, Uul v 1, and Vul v 1. Further, decimal parts of the 
coordinate components u and v are respectively indicated by du and dv." 
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(Enami translation at para. ro072l). 

16. The method according to claim 15, wherein the Enami discloses mapping from a three-dimensional coordinate point 
projection of the image points of the display window (x,y,z) to a point P (x",y") of the fisheye lens image on the two-
onto the initial image comprises: projecting the image dimensional coordinates which is first performed by transforming the 
points of the display window onto a sphere or a sphere point (x,y,z) into a point (r,• ,•) expressed in polar coordinates. This 
portion, transform can be performed using a polar coordinate transform expression 

ofEquation (5). (Enami translation at para. [0066]). 

Shiota discloses "transforming a fisheye image obtained using a fisheye 
lens (2) into a plane image for display comprising: a first coordinate 
calculating unit (35) for obtaining first projection coordinates derived by 
projecting coordinates on the plane image onto a fisheye face as an 
imaginary object face." (Shiota at Abstract). 

determining the angle in relation to the center of the Enami discloses this transform can be performed using a polar coordinate 
sphere or the sphere portion of each projected image transform expression ofEquation (5). (Enami translation at para. [0067]). 
point, and 

Shiota discloses "Necessary parameters are, as shown in Figs. I and 2, 
(XO, YO, ZO) indicative of the center ( origin) of a plane image and change 
amounts • ux, • vx, • uy, • vy, • uz, • vz in the respective axes of the (X, Y, 
Z) coordinates when a point is moved in the respective directions on the 
(u, v) coordinate system by an amount of one pixel (corresponding to one 
pixel on the monitor screen). (Shiota at para. [0025]). "The parameters 
can be easily obtained from the information of the angle information(• , 
•, •) of the view point and the magnification of the image." (Shiota at 
para. [0026]). Since point P' "is on the surface of the hemisphere of 
radius of 1, the zenithal angle ( • l) is unconditionally determined ... " 
(Shiota at para. roo34l). 

projecting onto the initial image each image point Enami discloses a fisheye lens of an equal area mapping formula which is 
projected onto the sphere or the sphere portion, expressed by Equation (3-2), and this equation is assigned to Equation (2) 

so as to obtain an expression ofEquation ( 6). The expression ofEquation 
(5) is simplified as in an expression ofEquation (7) using a relation of x2 
+ y2 + z2 x'2 + y'2 + z'2 r2, Equation (5), and further a basic 
expression of a trigonometric function. (Enami translation at paras. 
[0068], [0070]) . 
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Shiota discloses "First, the coordinates of a point P' (first projection 
coordinates) on the hemispherical face as an imaginary object face, which 
is a projection of a point Pon a plane image (the u, v coordinates) are 
obtained." (Shiota at para. [0028]). 

the projection being performed by means of the non- Enami discloses that the projection is performed by means of the non-
linear distribution function considering the field angle linear distribution function considering the field angle that each point to 
that each point to be projected has in relation to the be projected has in relation to the center of the sphere or the sphere 
center of the sphere or the sphere portion. portion. The field angle is defined according to the horizontal and vertical 

extents in the image area while the center is defined to be the image 
center position. Further, a fisheye lens of an equal area mapping formula 
is expressed by an expression ofEquation (3-2), and this equation is 
assigned to Equation (2) so as to obtain an expression ofEquation ( 6). 
(Enami translation at para. [0068]). 

Shiota discloses as a second step of the calculation, "a procedure of 
obtaining second projection coordinates w(p 1, q 1,) on a fisheye image 
face from the first projection coordinates (X2, Y2, Z2) determined (refer 
to FIG. 1 with respect tow) will be explained." (Shiota at para. [0033]). 
An example of a specific function of F( • 1) according to the projecting 
method is the stereographic projection, which has the non-linear 
distribution function: 2f•tan(• /2). (Shiota at para. [0037]) . 
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Appendix G 

Claim Analysis Chart of U.S. Patent No. 6,844,990 B2 ("the '990 patent") 

Detailed Explanation of Pertinency of Nagaoka, Shiota, and Enami 

The '990 Patent Prior Art 
15. The method according to claim 10, further 
compnsmg: 
determining the color of image points of a display 
window, by projecting the image points of the display 
window onto the initial image by means of the non
linear distribution function, and 

allocating to each image point of the display window the 
color of an image point that is the closest on the initial 
image. 

Nagaoka and Shiota disclose the elements of claim 10, as described in 
Appendix D. 
Enami discloses determining the color of image points of a display 
window, by projecting the image points of the display window onto the 
initial image by means of the non-linear distribution function. (Enami 
translation at paras. [0058], [0084]-[0085]). Enami discloses allocating to 
each image point of the display window the color of an image point that is 
the closest on the initial image. (Enami translation at paras [0072]
[0074]). Enami discloses a coordinate of a point of the fisheye lens image 
img corresponding to a coordinate of each point arranged on a raster in 
the image frame frm is specified, and a color information signal of the 
point having the coordinate is made to correspond to a color information 
signal of a point having a coordinate of the display frame frm, and thus it 
is possible to perform a correction process of transforming the fisheye 
lens image img to an original image. (Enami translation at para. [0058]). 
Enami discloses: "Here, the point (x", y") on the coordinates of the 
fisheye lens image obtained through the above-described operation is 
indicated by (u, v). In order to smoothly interpolate this coordinate point 
(u, v), the following interpolation process is performed. Color 
information signal components of three colors of a picture signal are 
indicated by Y, U, and V, those components of the point (u, v) are 
indicated by Yu, v, Uu, v, and Vu, v, values which become an integer by 
omitting decimal points of the coordinate components u and v of the point 
(u, v) are indicated by uO and vO, and a value of the color information 
signal Yin a point having the coordinate (uO, vO) is indicated by YuOvO. 
Similarly, the same content is indicated by UuOvO and VuOvO for the color 
information signals U and V. In addition, values obtained by rounding up 
decimal points of the coordinate components u and v are respectively 
indicated by ul and v 1, and values of the color information signals Y, U 
and V having a coordinate corresponding thereto are respectively 
indicated by Yul v 1, Uul v 1, and Vul v 1. Further, decimal parts of the 
coordinate components u and v are respectively indicated by du and dv." 
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(Enami translation at para. ro072l). 

16. The method according to claim 15, wherein the Enami discloses mapping from a three-dimensional coordinate point 
projection of the image points of the display window (x,y,z) to a point P (x",y") of the fisheye lens image on the two-
onto the initial image comprises: projecting the image dimensional coordinates which is first performed by transforming the 
points of the display window onto a sphere or a sphere point (x,y,z) into a point (r,• ,•) expressed in polar coordinates. This 
portion, transform can be performed using a polar coordinate transform expression 

ofEquation (5). (Enami translation at para. [0066]). 

Shiota discloses "transforming a fisheye image obtained using a fisheye 
lens (2) into a plane image for display comprising: a first coordinate 
calculating unit (35) for obtaining first projection coordinates derived by 
projecting coordinates on the plane image onto a fisheye face as an 
imaginary object face." (Shiota at Abstract). 

determining the angle in relation to the center of the Enami discloses this transform can be performed using a polar coordinate 
sphere or the sphere portion of each projected image transform expression ofEquation (5). (Enami translation at para. [0067]). 
point, and 

Shiota discloses "Necessary parameters are, as shown in Figs. I and 2, 
(XO, YO, ZO) indicative of the center ( origin) of a plane image and change 
amounts • ux, • vx, • uy, • vy, • uz, • vz in the respective axes of the (X, Y, 
Z) coordinates when a point is moved in the respective directions on the 
(u, v) coordinate system by an amount of one pixel (corresponding to one 
pixel on the monitor screen). (Shiota at para. [0025]). "The parameters 
can be easily obtained from the information of the angle information(• , 
•, •) of the view point and the magnification of the image." (Shiota at 
para. [0026]). Since point P' "is on the surface of the hemisphere of 
radius of 1, the zenithal angle ( • l) is unconditionally determined ... " 
(Shiota at para. roo34l). 

projecting onto the initial image each image point Enami discloses a fisheye lens of an equal area mapping formula which is 
projected onto the sphere or the sphere portion, expressed by Equation (3-2), and this equation is assigned to Equation (2) 

so as to obtain an expression ofEquation ( 6). The expression ofEquation 
(5) is simplified as in an expression ofEquation (7) using a relation of x2 
+ y2 + z2 x'2 + y'2 + z'2 r2, Equation (5), and further a basic 
expression of a trigonometric function. (Enami translation at paras. 
[0068], [0070]) . 
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Shiota discloses "First, the coordinates of a point P' (first projection 
coordinates) on the hemispherical face as an imaginary object face, which 
is a projection of a point Pon a plane image (the u, v coordinates) are 
obtained." (Shiota at para. [0028]). 

the projection being performed by means of the non- Enami discloses that the projection is performed by means of the non-
linear distribution function considering the field angle linear distribution function considering the field angle that each point to 
that each point to be projected has in relation to the be projected has in relation to the center of the sphere or the sphere 
center of the sphere or the sphere portion. portion. The field angle is defined according to the horizontal and vertical 

extents in the image area while the center is defined to be the image 
center position. Further, a fisheye lens of an equal area mapping formula 
is expressed by an expression ofEquation (3-2), and this equation is 
assigned to Equation (2) so as to obtain an expression ofEquation ( 6). 
(Enami translation at para. [0068]). 

Shiota discloses as a second step of the calculation, "a procedure of 
obtaining second projection coordinates w(p 1, q 1,) on a fisheye image 
face from the first projection coordinates (X2, Y2, Z2) determined (refer 
to FIG. I with respect tow) will be explained." (Shiota at para. [0033]). 
An example of a specific function of F( • 1) according to the projecting 
method is the stereographic projection, which has the non-linear 
distribution function: 2f•tan(• /2). (Shiota at para. [0037]) . 
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Appendix F 

Claim Analysis Chart of U.S. Patent No. 6,844,990 B2 ("the '990 patent") 

Detailed Explanation of Pertinency of Baker and Shiota 

The '990 Patent 
10. A method for displaying an initial panoramic image 
obtained in accordance with the method according to 
claim 1, the method for displaying comprising: 
correcting the non-linearity of the initial image, 
performed by means of a reciprocal function of the non
linear distribution function of the objective lens or by 
means of the non-linear distribution function. 

11. The method according to claim I 0, wherein the step 
of correcting comprises a step of transforming the initial 
image into a corrected digital image comprising a 
number of image points higher than the number of 
pixels that the image sensor comprises. 

Prior Art 
Baker discloses the elements of claim 1, as described in Appendix B. 

Baker discloses a "transform processor 22" which "corrects the image for 
display on a conventional display device 28" by "compensate[ing] for the 
distortion or difference in magnification between the central and 
peripheral areas of the scene caused by the lens by applying appropriate 
correction criteria to bring the selected portion of the scene into standard 
viewing format." (Baker at col. 6, lns. 5-24; col. 9, lns. 5-13). Baker 
does not disclose details on the specific corrections applied by the 
transform processor 22. 

Shiota discloses correcting the non-linearity of an initial image performed 
by using a non-linear distribution function. (Shiota at paras. [0030]
[0032]). "An image is transformed as follows. The projecting position on 
the image pickup face (p, q coordinates) of a point (u, v coordinates) on a 
plane image is obtained by arithmetic operation." (Shiota at para. 
[0024]). In one embodiment, a non-linear distribution function 
(h=2f tan( /2)) is used to compute the coefficient k2. k2 h/r, where his 
defined by the lens function and r is the distance from the origin. (Shiota 
at paras. [0037]-[0042]). The coefficient k2 is used to obtain the image 
points that will be displayed. (Shiota at paras. [0031 ]-[0035]). As the 
coefficient k2 used to correct the image is computed using the non-linear 
distribution function, Shiota discloses "correcting the non-linearity of the 
initial image, performed ... by means of the non-linear distribution 
function." 

Shiota discloses a stereoscopic projection having a relationship 
h=2ftan( /2), which produces an image having an expanded portion. 
(Shiota at para. [0037]). Shiota further discloses that the position of a 
pixel on the fisheye image will not necessarily map to a pixel on the plane 
image and hence nearby pixels would be used for interpolation. (Shiota at 
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para. [0049]). Because Shiota has an expanded portion, one of ordinary 
skill in the art would have known that the number of image points in a 
corrected digital image would be larger than the number of points in the 
initial image. Considering a region in the initial image that is to be 
expanded, each initial image point will represent the projection of 
multiple spatial points according to the lens system. Hence, during the 
expansion process, the image points will be mapped to one or more points 
in the corrected digital image. Shiota discloses this step of transforming 
the initial image into a corrected digital image where the number of image 
points is higher than the number of pixels of the image sensor . 
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Appendix E 

Claim Analysis Chart of U.S. Patent No. 6,844,990 B2 ("the '990 patent") 

Detailed Explanation of Pertinency of Nagaoka and Matsui 

The '990 Patent Prior Art 
10. A method for displaying an initial panoramic image 
obtained in accordance with the method according to 
claim 1, the method for displaying comprising: 
correcting the non-linearity of the initial image, 
performed by means of a reciprocal function of the non
linear distribution function of the objective lens or by 
means of the non-linear distribution function. 

Nagaoka discloses the elements of claim 1, as described in Appendix A. 

Nagaoka discloses that the obtained image is "converted into a plane 
image by the image data processing unit 3" (Nagaoka at col. 8, lns. 2-3), 
but does not disclose the specific correction applied by the image data 
processing unit. 

Matsui discloses correcting the non-linearity of an initial image, 
performed by the non-linear distribution function. (Matsui translation at 
paras. [0025], [0030]-[003 l]. Matsui discloses a data image conversion 
device, in which image data obtained with a fish-eye lens is corrected to 
remove distortion so that it may be displayed. (Matsui translation at para. 
[000 I]). Matsui discloses that this correction can be performed using the 
non-linear lens distribution function h = 2ftan( /2) = 2f { sin /(1 + 
cos ) } , or more generally using the formula h = g( ) . (Shiota at paras. 
[0025], [0030]). Matsui further discloses the calculation of pixel 
positions on the circular surface from the pixel positions actually captured 
by the CCD utilizing the non-linear distribution function h 2ftan( /2). 
(Shiota at para. [0025]). A data converter 2, that calculates the circular 
surface S pixel position corresponding to each pixel on the post
conversion cylindrical surface C, then converts the pixel data of the pixel 
positions as respective pixel data on the cylindrical surface C. "As a 
result, as shown in Fig. 4, the pixel data on the circular surface Sis 
converted as respective pixel data on the cylindrical surface C." (Matsui 
translation at para. [0026]). "The data converter 2 converts Pl shown in 
Fig. 3 into P2 shown in Fig. 2." (Matsui translation at para. [0023]). 
Matsui therefore discloses "correcting the non-linearity of the initial 
image, performed ... by means of the non-linear distribution function." 
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Appendix D 

Claim Analysis Chart of U.S. Patent No. 6,844,990 B2 ("the '990 patent") 

Detailed Explanation of Pertinency of Nagaoka and Shiota 

The '990 Patent Prior Art 
10. A method for displaying an initial panoramic image 
obtained in accordance with the method according to 
claim 1, the method for displaying comprising: 
correcting the non-linearity of the initial image, 
performed by means of a reciprocal function of the non
linear distribution function of the objective lens or by 
means of the non-linear distribution function. 

11. The method according to claim 10, wherein the step 
of correcting comprises a step of transforming the initial 
image into a corrected digital image comprising a 
number of image points higher than the number of 
pixels that the image sensor comprises. 

Nagaoka discloses the elements of claim 1, as described in Appendix A. 

Nagaoka discloses that the obtained image is "converted into a plane 
image by the image data processing unit 3" (Nagaoka at col. 8, lns. 2-3), 
but does not disclose the specific correction applied by the image data 
processing unit. 

Shiota discloses correcting the non-linearity of an initial image performed 
by using a non-linear distribution function. (Shiota at paras. [0030]
[0032]). "An image is transformed as follows. The projecting position on 
the image pickup face (p, q coordinates) of a point ( u, v coordinates) on a 
plane image is obtained by arithmetic operation." (Shiota at para. 
[0024]). In one embodiment, a non-linear distribution function 
(h=2f tan( /2)) is used to compute the coefficient k2. k2 = h/r, where h is 
defined by the lens function and r is the distance from the origin. (Shiota 
at paras. [0037]-[0042]). The coefficient k2 is used to obtain the image 
points that will be displayed. (Shiota at paras. [0031 ]-[0035]). As the 
coefficient k2 used to correct the image is computed using the non-linear 
distribution function, Shiota discloses "correcting the non-linearity of the 
initial image, performed ... by means of the non-linear distribution 
function." 

Shiota discloses a stereoscopic projection having a relationship 
h=2ftan( /2), which produces an image having an expanded portion. 
(Shiota at para. [0037]). Shiota further discloses that the position of a 
pixel on the fisheye image will not necessarily map to a pixel on the plane 
image and hence nearby pixels would be used for interpolation. (Shiota at 
para. [0049]). Because Shiota has an expanded portion, one of ordinary 
skill in the art would have known that the number of image points in a 
corrected digital image would be larger than the number of points in the 
initial image. Considering a region in the initial image that is to be 
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expanded, each initial image point will represent the projection of 
multiple spatial points according to the lens system. Hence, during the 
expansion process, the image points will be mapped to one or more points 
in the corrected digital image. Shiota discloses this step of transforming 
the initial image into a corrected digital image where the number of image 
points is higher than the number of pixels of the image sensor . 

. 2. 
LGE Exhibit 1003 

LGE v. ImmerVision 
Page 225 of 356



APPENDIXJ 

LGE Exhibit 1003 
LGE v. ImmerVision 

Page 226 of 356

APPENDIX J

LGE Exhibit 1003

LGEv. ImmerVision

Page 226 of 356



Appendix J 

Claim Analysis Chart of U.S. Patent No. 6,844,990 B2 ("the '990 patent") 

Detailed Explanation of Pertinency of Baker and Inoue 

The '990 Patent Prior Art 
25. The panoramic objective lens according to claim 22, Baker discloses the elements of claim 22, as described in Appendix B. 
comprising polymethactylate lenses. 

Inoue discloses making wide angle lenses from PMMA (Inoue at col. 2, 
lns. 42-44), which the '990 Patent equates to polymethaciylate ('990 
Patent at col. 16, lns. 31-43). 
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Claim Analysis Chart of U.S. Patent No. 6,844,990 B2 ("the '990 patent") 

Detailed Explanation of Pertinency of Nagaoka and Inoue 

The '990 Patent Prior Art 
25. The panoramic objective lens according to claim 22, Nagaoka discloses the elements of claim 22, as described in Appendix A. 
comprising polymethactylate lenses. 

Inoue discloses making wide angle lenses from PMMA (Inoue at col. 2, 
lns. 42-44), which the '990 Patent equates to polymethaciylate ('990 
Patent at col. 16, lns. 31-43). 

LGE Exhibit 1003 
LGE v. ImmerVision 

Page 229 of 356



APPENDIXC 

LGE Exhibit 1003 
LGE v. ImmerVision 

Page 230 of 356

APPENDIX C

LGE Exhibit 1003

LGEv. ImmerVision

Page 230 of 356



Appendix C 

Claim Analysis Chart of U.S. Patent No. 6,844,990 B2 ("the '990 patent") 

Detailed Explanation of Pertinency of Fisher 

The '990 Patent 
1. A method for capturing a digital panoramic image, 

by projecting a panorama onto an image sensor by 
means of a panoramic objective lens, 

the panoramic objective lens having an image point 
distribution function that is not linear relative to the field 
angle of object points of the panorama, 

the distribution function having a maximum divergence 
of at least +/-10% compared to a linear distribution 
function, 

Prior Art 
Fig. 6 of Fisher depicts a non-linear panoramic objective lens. (Col. 5, lns. 
44-45). Additionally, "[t]he distorted image formed by the non-linear lens 
exists in an image plane p located beyond the third lens grouping C. The 
vidicon of the television camera should be at this plane p." (Abstract; col. 
6, lns. 51-54; col. 4, lns. 35-45). 
Fisher discloses projecting a panorama onto an image sensor by means of 
a panoramic objective lens. (Fig. 3; col. 3, lns. 48-49). Fisher also 
discloses "The image cast by the lens falls on the vidicon of a television 
camera where it is scanned and transmitted to a projector." (Abstract; col. 
4, lns. 35-45). 
Fisher discloses "The present invention relates in general to lenses and 
more particularly to a lens having non-linear distortion characteristics." 
(Col. 1, lns. 9-11 ). "One of the principal objects of the present invention 
is to provide a lens having non-linear distortion characteristics." (Col. 2, 
lns. 6-8). 
Fig. 3 of Fisher shows a "NON-LINEAR LENS" where the image height 
is equal to a variable function of the field angle. Fig. 3 shows "the 
distortion characteristics of the lens of the present invention in terms of 
normalized image height and field of view and comparing such distortion 
characteristics with the distortion characteristics of a linear fisheye lens 
and a conventional camera lens." (Col. 2, lns. 38-43). The relationship is 
approximated by the formula H=sil3 

. (Col. 3, lns. 1-4). As shown in 
Fig. 3, Fisher discloses a non-linear lens having a distribution function 
whose maximum divergence is much greater than 10% compared to a 
linear distribution function ( fisheye lens). 
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such that the panoramic image obtained has at least one 
substantially expanded zone and at least one 
substantially compressed zone. 

2. The method according to claim 1, wherein the 
objective lens has a non-linear distribution function that 
is symmetrical relative to the optical axis of the 
objective lens, the position of an image point relative to 
the center of the image varying according to the field 
angle of the corresponding object point. 

3. The method according to claim 1, wherein the 
objective lens expands the center of the image and 
compresses the edges of the image. 

Appendix C 

Fisher discloses: "The present invention is embodied in a lens which 
distorts a field of view such that objects in the vicinity of the optical axis 
occupy a disproportionately large area of the image cast by the lens and 
objects in the peripheral region of the field of view occupy a 
disproportionately small area of the image." (Col. 2, lns.19-24). 
"[O]bjects centered along the optical axis of the non-linear lens L cast a 
much larger image than objects located near the periphery of the field of 
view with the size diminishing as the angle from the optical axis 
increases. The result of the distortion is that objects along the optical axis 
occupy a disproportionately large share of the image cast by the lens 
when compared with other objects closer to the periphery of the field of 
view for the lens." (Col. 3, lns. 4-12). Fig. 4 of Fisher further shows how 
equal increments on the image plane correspond to unequal increments in 
the field of view. (Col. 2, lns. 44-47). 

As shown in Fig. 6 of Fisher, the non-linear distribution function is 
symmetrical relative to the optical axis. As further shown in Fig. 4 of 
Fisher, the position of an image point varies according to the field angle 
of a corresponding object point. 

Fisher discloses that the "present invention is embodied in a lens which 
distorts a field of view such that objects in the vicinity of the optical axis 
occupy a disproportionately large area of the image cast by the lens [i.e., 
the image is expanded at the center] and objects in the peripheral region 
of the field of view occupy a disproportionately small area of the 
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6. The method according to claim 1, wherein the 
objective lens comprises a set oflenses forming an 
apodizer. 

7. The method according to claim 6, wherein the set of 
lenses forming an apodizer comprises at least one 
aspherical lens. 

17. A panoramic objective lens comprising: 

optical means for projecting a panorama into an image 
plane of the objective lens, 

the optical means having an image point distribution 
function that is not linear relative to the field angle of 
object points of the panorama, 

the distribution function having a maximum divergence 
of at least .+-.10% compared to a linear distribution 
function, 

Appendix C 

Image ri.e., the image is compressed at the edges]." (Col. 2, lns.19-iLl\ 

As described in the '990 Patent, an "apodizer" is an optical system which 
provides a non-linear distribution of image points relative to the field 
angle of the object points. (Col. 16, lns. 1-4). As shown in Figs. 4 and 6 
of Fisher, the lens system controls the angular distribution of the objective 
lens to obtain non-linearity, and therefore includes an "apodizer" as 
defined in the '990 Patent. 

Fisher discloses that the lens surfaces RI and R3 shown in Fig. 
6 are non-spherical ( aspherical): "The first lens grouping A (FIG. 6) 
consists of three lens elements a, b, and c with no air gaps between 
adjacent elements. The outside lens element a has a non-spherical surface 
RI exposed outwardly and a spherical surface R2 presented inwardly 
against a matching surface R2 on the intermediate element b. The 
opposite surface R3 of the intermediate element b is non-spherical and 
abuts a matching surface R3 on the inside element c." (Col. 5, ln. 61-col. 
6, ln. 1). 

Fig. 6 of Fisher depicts a non-linear panoramic objective lens. (Col. 5, lns. 
44-45). 
Fisher discloses projecting a panorama onto an image sensor by means of 
a panoramic objective lens. (Fig. 3; col. 3, lns. 48-49). Fisher also 
discloses "The image cast by the lens falls on the vidicon of a television 
camera where it is scanned and transmitted to a projector." (Abstract; col. 
4, lns. 35-45). 
Fisher discloses "The present invention relates in general to lenses and 
more particularly to a lens having non-linear distortion characteristics." 
(Col. 1, lns. 9-11 ). "One of the principal objects of the present invention 
is to provide a lens having non-linear distortion characteristics." (Col. 2, 
lns. 6-8). 
Fig. 3 of Fisher shows a "NON-LINEAR LENS" where the image height 
is equal to a variable function of the field angle. Fig. 3 shows "the 
distortion characteristics of the lens of the present invention in terms of 
normalized image height and field of view and comparing such distortion 
characteristics with the distortion characteristics of a linear fisheye lens 
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such that a panoramic image obtained by means of the 
objective lens comprises at least one substantially 
expanded zone and at least one substantially compressed 
zone. 

18. The panoramic objective lens according to claim 17, 
having a non-linear distribution function that is 
symmetrical relative to the optical axis of the objective 
lens, the position of an image point relative to the center 
of an image obtained varying according to the field 
angle of the corresponding object point. 

Appendix C 

and a conventional camera lens." (Col. 2, lns. 38-43). The relationship is 
approximated by the formula H=sin113 

• (Col. 3, lns. 1-4). As shown in 
Fig. 3, Fisher discloses a non-linear lens having a distribution function 
whose maximum divergence is much greater than 10% compared to a 
linear distribution function (fisheye lens). 

,.. NN~ d :~;;..;;~~ ·l llN~ 
\~·~··i'•'· ,. '. \\\\,,\·~~ .... , .. ~~· .•• · •"'\ 

, •'.\ ...... t~·· ~ 1· X· %\\ \'~ ~~ 
~· ~,~.I \..,..,,..,..,T""'"'"'~"'f"'""T"~'?t:i~::r~~,~ 
~. " . : . : : ~..., .. •''':':' . : 1 ji···".it./.,...,, ~!/&~\' 1 i N& 

),, L,,\\,\\,~,;:::;.""";'"'"'"""''""'"····,.i. ..... ..:."'"'l ,~. i,~~·\\'\ 
·~i m i;:J .&:i ~ .i; % >s;: ~ \*.\ · · ,. 

Fisher discloses: "The present invention is embodied in a lens which 
distorts a field of view such that objects in the vicinity of the optical axis 
occupy a disproportionately large area of the image cast by the lens and 
objects in the peripheral region of the field of view occupy a 
disproportionately small area of the image." (Col. 2, lns.19-24). 
"[O]bjects centered along the optical axis of the non-linear lens L cast a 
much larger image than objects located near the periphery of the field of 
view with the size diminishing as the angle from the optical axis 
increases. The result of the distortion is that objects along the optical axis 
occupy a disproportionately large share of the image cast by the lens 
when compared with other objects closer to the periphery of the field of 
view for the lens." (Col. 3, lns. 4-12). Fig. 4 of Fisher further shows how 
equal increments on the image plane correspond to unequal increments in 
the field of view. (Col. 2, lns. 44-47). 

As shown in Fig. 6 of Fisher, the non-linear distribution function is 
symmetrical relative to the optical axis. As further shown in Fig. 4 of 
Fisher, the position of an image point varies according to the field angle 
of a corresponding object point. 

-4-
LGE Exhibit 1003 

LGE v. ImmerVision 
Page 234 of 356



19. The panoramic objective lens according to claim 17, 
wherein the lens expands the center of an image and 
compresses the edges of the image. 

22. The panoramic objective lens according to claim 17, 
further comprising a set of lenses forming an apodizer. 

23. The panoramic objective lens according to claim 22, 
wherein the set of lenses forming an apodizer comprises 
at least one aspherical lens. 

Appendix C 

Fisher discloses that the "present invention is embodied in a lens which 
distorts a field of view such that objects in the vicinity of the optical axis 
occupy a disproportionately large area of the image cast by the lens [i.e., 
the image is expanded at the center] and objects in the peripheral region 
of the field of view occupy a disproportionately small area of the 
Image [i.e., the image is compressed at the edges]." (Col. 2, lns. 19-24). 

As described in the '990 Patent, an "apodizer" is an optical system which 
provides a non-linear distribution of image points relative to the field 
angle of the object points. (Col. 16, lns. 1-4). As shown in Figs. 4 and 6 
of Fisher, the lens system controls the angular distribution of the objective 
lens to obtain non-linearity, and therefore includes an "apodizer" as 
defined in the '990 Patent. 

Fisher discloses that the lens surfaces RI and R3 shown in Fig. 
6 are non-spherical ( aspherical): "The first lens grouping A (FIG. 6) 
consists of three lens elements a, b, and c with no air gaps between 
adjacent elements. The outside lens element a has a non-spherical surface 
RI exposed outwardly and a spherical surface R2 presented inwardly 
against a matching surface R2 on the intermediate element b. The 
opposite surface R3 of the intermediate element b is non-spherical and 
abuts a matching surface R3 on the inside element c." (Col. 5, ln. 61-col. 
6, ln. 1) . 
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Appendix B 

Claim Analysis Chart of U.S. Patent No. 6,844,990 B2 ("the '990 patent") 

Detailed Explanation of Pertinency of Baker 

The '990 Patent 
1. A method for capturing a digital panoramic image, 

by projecting a panorama onto an image sensor by 
means of a panoramic objective lens, 

the panoramic objective lens having an image point 
distribution function that is not linear relative to the field 
angle of object points of the panorama, 

the distribution function having a maximum divergence 
of at least +/-10% compared to a linear distribution 
function, 

Prior Art 
Baker discloses "the visual imaging system can use a single camera to 
capture the relevant visual information within a panoramic field of view 
existing along the horizon," ( col. 6, lns. 29-32), and that the "captured 
scene can be stored onto an assortment of media, e.g., photographic film 
16, electronic storage 18, or other conventional storage means." (Col. 2, 
lns. 35-39; col. 8, lns. 62-65; col. IO, lns. 55-57; col.14, lns. 32-36). 
Baker discloses projecting a panorama onto an image sensor by means of 
a panoramic objective lens, and that a "CCD" may be used for digital 
storage. (Col. 13, lns. 14-17). 
Fig. 2A of Baker depicts a lens having a typical linear distribution 
function of image points, while Fig. 3 BA of Baker depicts a lens having a 
non-linear distribution function of image points, relative to the field angle 
of the object points of the panorama. (Col. 12, lns. 23-25). 

Baker further discloses the "fundamental principle behind the enhanced 
peripheral content lens is the selective magnification of the periphery and 
the focusing of more of that content on the imaging plane." (Fig. 3BA; 
col. I 0, lns. 38-41 ). Baker further discloses a non-linear "lens, indicated 
generally at 14, designed to capture and enhance the peripheral content of 
a hemispheric scene." (Col. 8, lns. 60-62). "To maximize data collection 
and resolution for analysis and/or display of the relevant visual 
information located in this portion of the hemispheric scene, it is desirable 
to maximize the dedication of the available image detection area to this 
peripheral field portion." (Col. 8, lns. 32-36). 
Baker discloses a panoramic objective lens with a distribution function 
having a maximum divergence of at least ±10% compared to a linear 
distribution function. "[I]f an ordinary fisheye lens focuses the lowest 15 
degrees up from the horizon on ten percent of the imager at the imaging 
plane and the peripheral -enhancing lens focuses that same 15 degrees on 
fifty percent of the imager, there is a five-fold increase in resolution using 
the same imaging device. Depending on the application and exact 
formulation of the lens equations, there will be at least a five times 
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such that the panoramic image obtained has at least one 
substantially expanded zone and at least one 
substantially compressed zone. 

Appendix B 

increase in resolving power by this lens/imager combination." (Col. 6, 
lns. 48-56). 

Using a normalized height of 1 at 90°, one can calculate the height hat 
75° for the circumstance in which 50% of the imager is occupied by the 
lowest 15°. That is, half of the area of the entire circular image is equal to 
the area of a circle with height hat 75°, or (1)2/2 = h2

, which gives a 
height h of about 0.707. This is a divergence of greater than 10% 
compared to a linear distribution function, which would have a height h at 
75° of about 0.833. 
Baker discloses "The lens uniquely achieves this by filling the greater 
available area of an imager device with the peripheral areas rather than 
the central areas of the captured scene." (Col. 10, lns. 57-60). "[T]he lens 
constructed according to the present invention has a fairly significant 
portion of the imaging surface dedicated to the peripheral field, and 
consequently less of the surface dedicated to the central field." (Col. 12, 
lns. 29-32). The panoramic image obtained from the linear objective lens 
is shown in Fig. 2B ofBaker below, and the panoramic image obtained 
from the non-linear objective lens is shown in Fig 3BB ofBaker below: 

Comparing the image in Fig. 2B (linear image) to the image in Fig. 3BB 
(non-linear image) shows how zone X' has been substantially compressed 
and zone Y' has been substantially expanded. Thus, the panoramic image 
obtained from the non-linear objective lens (Fig. 3BB) depicts a 
substantially expanded zone Y' and a substantially compressed zone X' 
compared to the panoramic image obtained from the linear objective lens 
(Fig. 2B). (Col. 12, lns. 29-32). 
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2. The method according to claim 1, wherein the 
objective lens has a non-linear distribution function that 
is symmetrical relative to the optical axis of the 
objective lens, the position of an image point relative to 
the center of the image varying according to the field 
angle of the corresponding object point. 

4. The method according to claim 1, wherein the 
objective lens expands the edges of the image and 
compresses the center of the image. 

6. The method according to claim 1, wherein the 
objective lens comprises a set oflenses forming an 
apodizer. 

17. A panoramic objective lens comprising: 

optical means for projecting a panorama into an image 
plane of the objective lens, 

the optical means having an image point distribution 
function that is not linear relative to the field angle of 
object points of the panorama, 

Appendix B 

Fig. 3BA ofBaker shows that the distribution function of the lens 
depicted in Fig. 3BA is symmetrical with respect to the optical axis of the 
lens, as the height of an image point relative to the center of the image 
varies according to the field angle. 

"The lens uniquely achieves this by filling the greater available area of an 
imager device with the peripheral areas rather than the central areas of the 
captured scene." (Col. 10, lns. 57-60). "The lens constructed according 
to the present invention has a fairly significant portion of the imaging 
surface dedicated to the peripheral field, and consequently less of the 
surface dedicated to the central field." (Col. 12, lns. 29-32). See also Fig. 
3BB ofBaker as compared to Fig. 2 thereof, which shows the expansion 
of the periphery of the image and compression of the center. 

As described in the '990 Patent, an "apodizer" is an optical system which 
provides a non-linear distribution of image points relative to the field 
angle of the object points. (Col. 16, lns. 1-4). The hemispherical lens 
elements at bottom of Fig. 3BA comprise an "apodizer," as defined in the 
'990 Patent, as they control the angular distribution of the panoramic 
objective lens to obtain the desired nonlinearity. 

Baker discloses "the visual imaging system can use a single camera to 
capture the relevant visual information within a panoramic field of view 
existing along the horizon." (Col. 6, lns. 29-32). 
Baker discloses projecting a panorama onto an image sensor by means of 
a panoramic objective lens, and that a "CCD" may be used for digital 
storage. (Col. 13, lns. 14-17). 
Fig. 2A of Baker depicts a lens having a typical linear distribution 
function of image points, while Fig. 3BA of Baker depicts a lens having a 
non-linear distribution function of image points, relative to the field angle 
of the object points of the panorama. (Col. 12, lns. 23-25). 

Baker further discloses the "fundamental principle behind the enhanced 
peripheral content lens is the selective magnification of the periphery and 
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the distribution function having a maximum divergence 
of at least.+-. 10% compared to a linear distribution 
function, 

such that a panoramic image obtained by means of the 
objective lens comprises at least one substantially 
expanded zone and at least one substantially compressed 
zone. 

Appendix B 

the focusing of more of that content on the imaging plane." (Fig. 3BA; 
col. 10, lns. 38-41 ). Baker further discloses a non-linear "lens, indicated 
generally at 14, designed to capture and enhance the peripheral content of 
a hemispheric scene." (Col. 8, lns. 60-62). "To maximize data collection 
and resolution for analysis and/or display of the relevant visual 
information located in this portion of the hemispheric scene, it is desirable 
to maximize the dedication of the available image detection area to this 
peripheral field portion." (Col. 8, lns. 32-36). 
Baker discloses a panoramic objective lens with a distribution function 
having a maximum divergence of at least ±10% compared to a linear 
distribution function. "[I]f an ordinary fisheye lens focuses the lowest 15 
degrees up from the horizon on ten percent of the imager at the imaging 
plane and the peripheral-enhancing lens focuses that same 15 degrees on 
fifty percent of the imager, there is a five-fold increase in resolution using 
the same imaging device. Depending on the application and exact 
formulation of the lens equations, there will be at least a five times 
increase in resolving power by this lens/imager combination." (Col. 6, 
Ins. 48-56). 

Using a normalized height of 1 at 90°, one can calculate the height hat 
75° for the circumstance in which 50% of the imager is occupied by the 
lowest 15°. That is, half of the area of the entire circular image is equal to 
the area of a circle with height hat 75°, or (1 )2/2 = h2

, which gives a 
height h of about 0.707. This is a divergence of greater than 10% 
compared to a linear distribution function, which would have a height h at 
75° of about 0.833. 
Baker discloses "The lens uniquely achieves this by filling the greater 
available area of an imager device with the peripheral areas rather than 
the central areas of the captured scene." (Col. 10, lns. 57-60). "[T]he lens 
constructed according to the present invention has a fairly significant 
portion of the imaging surface dedicated to the peripheral field, and 
consequently less of the surface dedicated to the central field." (Col. 12, 
lns. 29-32). The panoramic image obtained from the linear objective lens 
is shown in Fig. 2B ofBaker below, and the panoramic image obtained 
from the non-linear objective lens is shown in Fig 3BB ofBaker below: 
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18. The panoramic objective lens according to claim 17, 
having a non-linear distribution function that is 
symmetrical relative to the optical axis of the objective 
lens, the position of an image point relative to the center 
of an image obtained varying according to the field 
angle of the corresponding object point. 

20. The panoramic objective lens according to claim 17, 
wherein the lens expands the edges of an image and 
compresses the center of the image. 

Appendix B 

Comparing the image in Fig. 2B (linear image) to the image in Fig. 3BB 
(non-linear image) shows how zone X' has been substantially compressed 
and zone Y' has been substantially expanded. Thus, the panoramic image 
obtained from the non-linear objective lens (Fig. 3BB) depicts a 
substantially expanded zone Y' and a substantially compressed zone X' 
compared to the panoramic image obtained from the linear objective lens 
(Fig. 2B). (Col. 12, lns. 29-32). 

Fig. 3BA of Baker shows that the distribution function of the lens 
depicted in Fig. 3BA is symmetrical with respect to the optical axis of the 
lens, as the height of an image point relative to the center of the image 
varies according to the field angle. 

"The lens uniquely achieves this by filling the greater available area of an 
imager device with the peripheral areas rather than the central areas of the 
captured scene." (Col. 10, lns. 57-60). "The lens constructed according 
to the present invention has a fairly significant portion of the imaging 
surface dedicated to the peripheral field, and consequently less of the 
surface dedicated to the central field." (Col. 12, lns. 29-32). See also Fig. 
3BB ofBaker as compared to Fig. 2 thereof, which shows the expansion 
of the periphery of the image and compression of the center. 

22. The panoramic objective lens according to claim 17, As described in the '990 Patent, an "apodizer" is an optical system which 
further comprising a set of lenses forming an apodizer. provides a non-linear distribution of image points relative to the field 

angle of the object points. (Col. 16, lns. 1-4). The hemispherical lens 
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Appendix B 

elements at bottom of Fig. 3BA comprise an "apodizer," as defined in the 
'990 Patent, as they control the angular distribution of the panoramic 
objective lens to obtain the desired nonlinearity . 
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Appendix A 

Claim Analysis Chart of U.S. Patent No. 6,844,990 B2 ("the '990 patent") 

Detailed Explanation of Pertinency of Nagaoka 

The '990 Patent 
1. A method for capturing a digital panoramic image, 

by projecting a panorama onto an image sensor by 
means of a panoramic objective lens, 
the panoramic objective lens having an image point 
distribution function that is not linear relative to the field 
angle of object points of the panorama, 

the distribution function having a maximum divergence 
of at least +/-10% compared to a linear distribution 
function, 

such that the panoramic image obtained has at least one 
substantially expanded zone and at least one 
substantially compressed zone. 

Prior Art 
Nagaoka discloses a panoramic objective lens and a method for capturing 
a digital panoramic image: " ... an image processing system utilizing an 
image pickup device comprising a fisheye lens ... " (Col. 3, lns. 63-65). 
Nagaoka further discloses a panoramic objective lens: "an image of half 
of the sphere is picked up by the fisheye lens." (Col. I, lns. 23-31). 
Digital image data can be stored, e.g., on a flashcard. (Col. 9, lns. 18-21). 
Nagaoka discloses that the panorama is projected onto a CCD image 
sensor by a panoramic objective lens. (Fig. 2; col. 4, ln. 66-col. 5, ln. 2). 
Nagaoka discloses several panoramic (fisheye) lenses each having an 
image point distribution function that is not linear relative to the field 
angle of object points of the panorama. Specifically, Nagaoka discloses 
examples of such non-linear lenses have the functions h= 1.2ftan( /1.6) 
and h= l .6f tan( /2 ). (Figs. 3A and 3B). 
Each of the above recited non-linear distribution functions lenses has a 
maximum divergence of at least ±10% compared to the linear distribution 
function. (Figs. 3A and 3B). Using a normalized image height (height= 
I at 90°), the function h= l.2f tan( /1.6) gives h of about 0.36 at 45°, 
which is about 18% divergence from the linear distribution function f 
(which would be 0.45 at 45°). Similarly, the function h= 1.6ftan( /2) 
gives a divergence at 45° of about 16%. 
The lenses having the functions h= l .2ftan( /1.6) and h= l .6ftan( /2) 
project a substantially expanded zone near the periphery ( evidenced from 
Fig. 3B, which shows a slope for these two functions exceeding the slope 
of the linear distribution function ( f ) starting at about 60°) and a 
substantially compressed zone near the center ( evidenced from Fig. 3B, 
which shows a slope for these two functions that is less than the slope of 
the linear distribution function (f) prior to about 60°). 

2. The method according to claim 1, wherein the Fig. 2 ofNagaoka shows a lens having a non-linear distribution function 
objective lens has a non-linear distribution function that that is symmetrical relative to the optical axis of the objective lens. In the 
is symmetrical relative to the optical axis of the lenses having functions h= l .2ftan( /1.6) and h= l .6ftan( /2) the non-
objective lens, the position of an image point relative to linear distribution function is symmetrical relative to the optical axis and 
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the center of the image varying according to the field 
angle of the corresponding object point. 

4. The method according to claim 1, wherein the 
objective lens expands the edges of the image and 
compresses the center of the image. 

6. The method according to claim 1, wherein the 
objective lens comprises a set oflenses forming an 
apodizer. 

17. A panoramic objective lens comprising: 

optical means for projecting a panorama into an image 
plane of the objective lens, 
the optical means having an image point distribution 
function that is not linear relative to the field angle of 
object points of the panorama, 

the distribution function having a maximum divergence 
of at least .+-. I 0% compared to a linear distribution 
function, 

Appendix A 

the positions of points relative to the center of the image are based on the 
field angle of the corresponding object point. See also Figs. 4A-4D, 
showing the intent to have symmetry about the optical axis (0°) and 
variance of position according to field angle. 

As described above with respect to claim 1, Fig. 3B shows that the 
functions h= l .2ftan( /1.6) and h= l .6f tan( /2) have a shallower slope as 
compared to the linear distribution function closer the center of the image, 
and a steeper slope relative to the linear distribution function near the 
periphery, evidencing an expanded edge of the image and a compressed 
center. 

As described in the '990 Patent, an "apodizer" is an optical system which 
provides a non-linear distribution of image points relative to the field 
angle of the object points. (Col. 16, lns. 1-4). As shown in Fig. 2 of 
Nagaoka, the lens system controls the angular distribution of the 
panoramic objective lens to obtain a non-linear distribution function, and 
therefore includes an "apodizer" as defined in the '990 Patent. 

Nagaoka discloses a panoramic objective lens and a method for capturing 
a digital panoramic image: " ... an image processing system utilizing an 
image pickup device comprising a fisheye lens ... " (Col. 3, lns. 63-65). 
Nagaoka further discloses a panoramic objective lens: "an image of half 
of the sphere is picked up by the fisheye lens." (Col. I, lns. 23-31). 
Nagaoka discloses that the panorama is projected onto a CCD image 
sensor by a panoramic objective lens. (Fig. 2; col. 4, ln. 66-col. 5, ln. 2). 
N agaoka discloses several panoramic ( fish eye) lenses each having an 
image point distribution function that is not linear relative to the field 
angle of object points of the panorama. Specifically, Nagaoka discloses 
examples of such non-linear lenses have the functions h= l .2ftan( /1.6) 
and h= l .6f tan( /2). (Figs. 3A and 3B). 
Each of the above recited non-linear distribution functions lenses has a 
maximum divergence of at least ±10% compared to the linear distribution 
function. (Figs. 3A and 3B). Using a normalized image height (height= 
I at 90°), the function h= l .2f tan( /1.6) gives h of about O .36 at 4 5°, 
which is about 18% divergence from the linear distribution function f 
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such that a panoramic image obtained by means of the 
objective lens comprises at least one substantially 
expanded zone and at least one substantially compressed 
zone. 

18. The panoramic objective lens according to claim 17, 
having a non-linear distribution function that is 
symmetrical relative to the optical axis of the objective 
lens, the position of an image point relative to the center 
of an image obtained varying according to the field 
angle of the corresponding object point. 

20. The panoramic objective lens according to claim 17, 
wherein the lens expands the edges of an image and 
compresses the center of the image. 

22. The panoramic objective lens according to claim 17, 
further comprising a set of lenses forming an apodizer. 

Appendix A 

(which would be 0.45 at 45°). Similarly, the function h= l .6ftan( /2) 
gives a divergence at 45° of about 16%. 
The lenses having the functions h= l .2ftan( /1.6) and h= l .6ftan( /2) 
project a substantially expanded zone near the periphery ( evidenced from 
Fig. 3B, which shows a slope for these two functions exceeding the slope 
of the linear distribution function ( f ) starting at about 60°) and a 
substantially compressed zone near the center ( evidenced from Fig. 3B, 
which shows a slope for these two functions that is less than the slope of 
the linear distribution function (f) prior to about 60°). 

Fig. 2 ofNagaoka shows a lens having a non-linear distribution function 
that is symmetrical relative to the optical axis of the objective lens. In the 
lenses having functions h= l .2ftan( /1.6) and h= l .6ftan( /2) the non
linear distribution function is symmetrical relative to the optical axis and 
the positions of points relative to the center of the image are based on the 
field angle of the corresponding object point. See also Figs. 4A-4D, 
showing the intent to have symmetry about the optical axis (0°) and 
variance of position according to field angle. 

As described above with respect to claim 1, Fig. 3B shows that the 
functions h= l .2ftan( /1.6) and h= l .6f tan( /2) have a shallower slope as 
compared to the linear distribution function closer the center of the image, 
and a steeper slope relative to the linear distribution function near the 
periphery, evidencing an expanded edge of the image and a compressed 
center. 

As described in the '990 Patent, an "apodizer" is an optical system which 
provides a non-linear distribution of image points relative to the field 
angle of the object points. (Col. 16, lns. 1-4). As shown in Fig. 2 of 
Nagaoka, the lens system controls the angular distribution of the 
panoramic objective lens to obtain a non-linear distribution function, and 
therefore includes an "apodizer" as defined in the '990 Patent. 
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CERTIFICATION 

I, Takayoshi Hongo, Toranomon East Bldg., No. 7-13, 

Nishi-Shimbashi 1-chome, Minato-ku, Tokyo, Japan, do hereby 

certify that I am conversant with the English and Japanese 

languages and am a competent translator thereof, and I further 

certify that to the best of my knowledge and belief the attached 

English translation is a true and accurate translation made 

by me of the Japanese Unexamined Patent Application Publication 

JP 11-261868 published on September 24, 1999. 

Signed this on the 20th day of March, 2014 

~ ~ 
-~--J------~---------------------

Takayoshi Hongo 
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;;;-c,-:;iJ:rJ.i.r-;..-,.r;~ t:(c-H.1.~~f;;;.xrr: f:;;)r c:-:,-r·;:~c:;j __ r;-;9 :-3.iE=toxti.:ff::. ;;:;.f ,;-! fi.f;.t::"7y(~· -;;:orr:niaed is .:.:::xtro,r..:tr::d, o. region .is .extro.c-t.r::d l.:;,.-:.i:-1:;i- t.hi:~ sig;:i-$-1. 

Ie:n.:::3 ima•;?z: of e:cfo.o_l ctt",:-!a r~1_;;;_ppin.g. l::H"'id :::.·eqi.cn.~1 ,:d t{ pI~ro.1 :Lty of. movi.r-~:;f. :e:~g1.1.r£s ~::.ci:-;~ ~~~·.;t·r~1(;t!~d 

ro:~ $:n tog-0th.er:. 

-;:;·u,:-t.1:1~:-.c ~ { 3 3 i;;::! 0- f ish(1ye ·.:.et1;.:: ct!men·o. :~.pp:1.:c0.tt;.t: i1:!,;;::..~ .. 1din.q lOC:16.l 

•).'.;'I .~"~\1.a:J~ co.rr,·(~Gt~"{)f.~ p;;,;_::e,~~1::,:g:J.y~:::3 U'f~it t.ho.t .. cor·r~~r_;tf~· ::-J.ir-;.t.ort:j_~;;.n I':;: ad:..titJ~or;, f6; ir; o. [:l.·:-1heye 1es.nJ: t·amera n.ppo:.ca.t\1s ·'l;hich 

c•r:. :3-1.."3 iff:'J..·:J::-: ,.:.;:3.:;:.t::.x:.-,*;;1 by a ff.::-:i:J'J.t:y~ J.<::-r-~:::: ca;, .. ue~:c-;;;." par:::.:.r:-iet,c!r:::: for (:;<..::t·.c~c-ts '..o,'. E"tovinfJ r::!,:3·1;.:c.-:::: froia ·3.n ; .. m~3::3e capt11:ci'~d by a J.:1.::-~heyt: 

t:•:;J:-:;:e-:;t.:~:ttg d.5.~~t.O'!'.'t ·!.on of -C-! f i::-;'t':(~Y,'<.-e: 'Lc~s~:::; .t m~.9<-:, ~i;x;!i. ;;u; a c.::~rj!::r:.~.1 J.,;:·--x,;~ c;;.i;;.f:·'.·:'.'I-,., ax: 0.p!:'~-:'.'C1t.i-rJn of -:'!'xt.I:H.<;ti°(l9 ?.. f'k,:*t:.n.~0'. ... ~mo-.;x:t (Yf 

p:.::11 t:tc:-n. of: a d:i.spl3.yf::d J.m;,:;.,;rz: ,. r~.I.! ~xspe::t rz..ti~.-.: of t:.12 fiEb.2ye~ a ~iqn;-~l c,f ar; int.,....:::z-,..frr~,rn,;::: difie·re-nce.: a si~F!:'3.1 i.n ,.-;:hi.ch «n 

1..e-r~s ir(~,;~~3*., ~;1d -1:. ':-:a.ct:~ •.t:"~ ¢t. 2;. f 1.$}H!y-e l:'1.n:? .:U:":((9'~ ;;%;:e~~, o.~::~ iX;!':er.--f.Yt~m-::: 1J.ff.et:·enc~$ if:.r.:.d ox; .i.r~-ft';;u~i~~ di.ft::>::J:~tF~e 0.-:.·0 cc,-;nbin?.~dJ 

t:xt:ea,zt~<l r.:~c"<::Jrri the capt~.1r.ed fish~·yt! J_eEB .im-2-9~ :i_tsC!1f, :::.11:d c,:r. the 1ik~! is p0Jc·£c,:cm~~d b.ess~d e:n 2. p-ict:~;:c0 ·b.f a fi:il"!0Y0 l~n~-

dist<x(t:l_,:;.::1 of the fI~.t~"((~ 1~nz ir~.r;tft~ :L~ coz-1:·0e;t~d u:-1.ix~~; th.(~ :ir:-~ege ~ ~:nd, i.r, o. .t·t~~l'i ,-:;.11 ~x.::."I:'3.ct :ion pro-r:es~; 1:t)'1.~ o. f2"~tttt.n:t"~ 

p~i.r&1l1~~a··3fr·s. df:t.r;··c'r;'J.<;a .n:·:gJ.0;1f ad<.lrr:-:s:-,;; t.r~·:n.sf.\::rr:1 f,.;~~tween po}.a.r c·:;::ord.in;~tes 

U1nj4J r~n;:l o·(tht;~f:J:n».1 r..:::.)(/"(1."Jin3 .. te~~ i:":s: perffx::med o .. nd ir;side .;:;,f: :::r,~ 
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rotet.i"::.d :!.-t.1 thz· th;:e:e · cti.mo!'~;:1.r:;:~::.1fl&1 co.-;;::d.i;;1.;;..t:t!t::, 

[OO~i;}J 

In othf:;: w.or,j_:-~, co:;;::.._,0.J .. n~ti~ of ~~ jJoi.n~ ):;t thi:j f it::l'v:::y~-~ 

1.f:-"X~~; :i lf:.3_ge j_=ri•:J ,20:.r·re::;porH-1! ... n,;;- try a c;:;OY-d,"}X!.'7.te- of ~~?.Ch f:CiXj\'. 

ary-~;a,;f0,j o:n a .::a:t:::.t~r irJ th€ :1.w:~.g-,s tr.-B.::l'i-2 frm 1.:~ zp-e:::itied, and. 

a. ,:".;o:1.o.r :ix,.f;.};.:."'"er,.;~t:.L,:-2n si~r,n~:i.1 of th,-;::: p,r;,:i_·n.t b;~,v.in~J tb.e cr.;o.r--:.~1.i.n~::.:.:.:e-

··-i~- mz.d~ t:;, r..:,:;zTtu3p<~r~d r;.,:; ~ c:;;lr;,r info:nri.&titm. st,:;1ttil c:d: a pc,i:nt 

bo.vi.ng Q, cr::(n:din.,3t:c.~ t .. 1I :.;.b0 d:l.'.;p"l,~iy .U:'-'~.-~·r~ii ;;_1'.w, ~.G.~.i ~::~~;.;"-;; ) ... t .:.~; 

p<;:::t:::i}:'/tx:' L::::, pe'.r·tt.o::-r1 ti cr:;;.·:c-ec:ti~:;f} p1·c,,.::(:::$$ c,f t:c·,:i:t!:$t,:n:r.rr.:U:JJ·;f tl-'i(::-

fJ.:-7?':e-y!~ 1.¢Ji.~; : .. m*-9'-~ 3.mg te: CHJ. :::r.i~;.tn~i :..r:-ia~f-:":. J:·t; o. ,.:;;~:-:.:c-: ·1..-;'.t:(-:-·c,;-! 

::-·r5:(::'.· :::·c·~xr~t::rQ. i~ orj.<::.:::.1te:d dit:e:ct l';-'" v.pW""~i.rd or d.Lr·e·ctl~l dtJ-Wn .. • ... ;o.::cd, 

a px-ed.-;~te:r:ffiinx:d an:.t~~:!:~t ,::,f: th~~ o.zt•.a~.:.th v..-~·-;~3J.~': $ n:.ay bf! chi!-J.-~Sf'-:'.d 

tt"n:·(;:.::,;.i:h a per; ,;;p~.::at ·i,,:Jf}. of th~t .irri~~s~ £:r-;~0.e fJ:rn; ;::;.r'}d :::. 

p.red.et;.;~::mirH~<'1 o.'11r:,•.a1t t;f th~ v-:-~·(t0..'>:.: .~n-~;}.(:: J; rt,¢.y b-;1 char;g-ed 

::.:.h;-:i-.f~.:.;-j:') :~. ti 1 t O?-:)C~¥ .{~~; io:n 'r~h.e>.·~~c;t ~ th!":! ::: .. c;J;,y p(;::;..-t ,:;;.·m3..n,;r m~.ppi;1:; 

C·f ~.,_ ,:-;o.l.or :tr:.f;;;-;;:x·.B.t.i:-~n r::i'.;r,n~-..1 of ;,,._ t·~H;r·-d5.rrfo;.'ft~t3i.:·)r;a1 •.::1;,{.);.·dinat~ 

in l?. -:;r;:1·.r*~;po11.dt·(~g· t ish~y~ l*n:::. :i.I"(•ay,,.;; ::..~ng. 

[OOS9] 

Pi9, 3 1.:'-:: e-.r~. ~~xt.;1~.r~e.to!":y rLta~r!'·tH'!! of: 3.'(!- i1.t:;;;..J<~ c&pt:t~~:e~d 

by the- f: i ;~hi:·~y~ 1 f:1-r~s csrr,.(~-C-f: c:r:ie:r;);~{'~,d in th* t;:;.;.r; ~,ve~·$~ d.1.J:0.,:~ r. toi·, 

'"£'hf: sa,~:~~ f1g·\.n:~~ shc;w""; :a. c-a:-;;e ~,.;b.l!.;.rt! tht~ f:L:-:i:bJ:.~·rt'"~ j_e-ns :-.:~tr!era i!"; 

::);:'Le·t'(c0d 1 n th(~ .K 1-~x.J.::.: d.i :::·(~-ct.io:.~, :r.n tii..i~:::- 1:::a.B0 ~ the f:J.:-:;h0y·c1 

1.e;:;..;-~ ima,;~(:~ ~!-::ng ;.,~ t~:;::~r~..::d on t,h,.-;:: ··-r~~.:..:r;.ici'!,1 ~p1~-...n~. 

[r;Of!OJ 

!.\};;-;,;; i::1 tb.i::: c.l .. Be-t ~.n i;1;;a9·(7!- ~ ... :ithC\;t dist.:;;:t.it::n c.~11 ho:~ 

.. ~ ,: . 
. ;~ .·~ 

di.ep1aye:-d tJ--1.rr;:i~;/Jh. :j;_$tC•rt: i,:;;n cor:cecticfn :-:,_;~ i=x:'.scribed abr.)v,e;,. 

!.::.:ttf if. tx«r::~i'rx.r:m of tJ·;x: fi;:~h.1:-:ye 1-!~n~ im..&~!e l'l.!"1 ti ptct"i . .':.e::~ r:t9t,~: 

cd·;,>':f•,:e ).:-:; f?;2Xfo:cm<::·d, :~. :c,:rr.:.;~t:1.on jJr--2cti.:r··.m. it~ (ltffe:i.X::t~t: from an 

act:ua.1 di:::~f.~::;t·!,c;.n ,:;if ·r:,i.r:i/t.i.1t :-;.f. th,e pi;,:;ture ~h~·~r~ the po.r:/tiJ.t.: 

::::pe-r-(~.tic•n f-g: per·f:::,:;:r(:~:~d., 1:1. t':-tb.~~;-: {'..',:);:dr::., J.n a C~S-!:: Of t.,;"J.~ 

pic:t.'ure ~.ight ,;:_d;ove, the ti.J.t ope.ratio;,1 .is p(1:r·fc1rrned by 

::hangir;rJ th~ angl<::: $ ~-;.f.'.i.._th tb.f:: z o...xi:3, h,1t the tilt opertitior~ 

.l ::~ not pc:::rfor(i~:f:d r:::v~::n t~y ,:.;ht~:.:.:J.t.n.,~f th,t! ,~rv;1 r~ $ wtH:~n t.h.1::~ f.t~~I.:.eyr:·: 

·1 (-:f:,.t~ :,::ame;:o. is ,:::riente:d i:c. th~~ t:.::i.:·ansvr~rs2': d.ircctiotL 

({HJ61] 

f':;r:..~ th:Lr:: :ce;;.sc,n, :?.:.:fr.st !:x~for•.~ thf> d.i::::t1:J):tion :-:orr<::·t/cic:n 

i;-; pi:::r.?.orr.:-11:'.dJ r::.r; ,;'):rt€0 ,.1r..att;.)Jl of. thr: f.t~hey~ J.e;u1 c&tt:!1(:.-~ .• t.har.: 

is, :-:t camerri :Lnsta.1 lz-.t iov. r:u1.g1...-~ is ,.::or;_~ectt"~d. 'I'his c:-3rz-2;ct:J_:-.:-r! 

p~·o;.";(j'iz:S J. :~; pe-~ £{.":£."f:'W:d by the o:bov e ~-•.i't~:::;;.c:r ibed ·:~~d:-nr:l·~. 

inst.a:L'i:it . .io:r.<: o.nqle: c:-.. ));rect.:':.::Jr~ \1:!'L!.t 1-·Ll.. 

fCtr621 

Fi.r;1. 4 :Ls a.:n exp1~~nat::.:cy d.i~.9;;-ar~~ c:~f cci:.-.r~~ct.JAJr; of :l 

fis"t:ey~ 1.€-:fi~;: !;}).t:.l~H.'3. irn.Q.•;Je OX"'J3:0 nt:~~d ."!.'n the t.;:;;:.nt~V(~."($0 d.i.x:e:.";t f.;:!L 

AZ:- ~;"~·Jow.: j.,n Pi:g. 3 { :...J\ .~ ca.,se, wh,2r:-2 th.:=;- t:ish.>2y~ I1"2YHJ ~;;.r~~}::a 

is Ct.',( J.1:,nt·~d ir;. th~"! d:f.;:::1ctic:D of th.::-: x. -s~xj.s wh:f.ch t:i a tr::1.:n:~-.:r~i-~1z 

axis { th.r'.! :;_::o:;,r.·dir10.t~..:: ;..;-ystem iz i::·-r:it&te:2 t;,:y,..;z-.rd the y a.xi :":i- J:ry 

9G r1i:"!,;;r:e{:H; .i.n B..dvanc~"! r-:.:ucJ.1 that th~! f i.:;h;8y~~ 1~H-~s ima,;:fe pl.~~n.« 

::.mg it: rot~~ted -e;nd r,.ff;n!£'·d tc, S.~ p.::;.zi~,ion _ir!t;,z;:ser:t:i.rig th<~ z iS:_x.io 

.Ln t~;.i:~ \.rert.i•:::-3.l di_r·t~cti.i:-;n( 2-.nd th:u_:s it .1_,~ pO~$ib1~~ t.c: psrforfl•. 

e p;:·(::G~~Bs eqt::.i·,.r,2;1.er.lt to a ~-~as~~ of the Af.2(i'~./~~ ... de,7,:.:rib~d imagt'. 
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:u'; p 1.?l«;: ~:c;;o1:d.in.at*£. 1.'·hi.s t.::-:&"(i!'~fo·c·n~ c~~n _b0 pe·cfo!':·:-i~~d i;.:;:~1-~g 

;,i. ·p<;Jz;.~; cc,,:::;:d.!.rt~~.r:e t';.·.2,,noto:r11i .;-;:.;;q;:l:er:;.~:iot1 of.: Eqt1et.ion ~5; 

[006-?J 

(EO:f:J .. ~tf.: i•.')H ~) J 
,, 

,:~::~~=::,'.~~;:: I .. t~) 

} 

[•.JOG:::! 

1:·i:rthez ( r.'.'":. f;dJ!}e:y<::: J..,:;·::J-;.:~ c,f. an -r~~ .. ru.;-~.1 ~;;:,,:::'.'"i ~1i.appi:J.:i· fozmu.1.:'.'"i 

t.~ ~x.p;.:~s;;.-=·(~!'). t,y ~.r: expv.es .. i;-=:;.!';:n ot Eq_:.i~t; ... ~;,n c;;,.,;2~, ?ffKJ. t::.b.i.,e 

ecroJat:U.::tr;, is Ci:-~.sig-r;,ed t,:; Eq,:~~tion (2} sc, (jfi r.:r,r ohtai.::·~ tu~ 

exp-1:0:~~i(;,.(i f:d: ECJ:l.U~tic,_tt {E.} Th<1 -*XPK~ssi()~1 cd~ &;qu;_~t.ic,n {{;} 

1.f: sjx1J.p1tt:~t~d z.~ i.a -::-x~ 0~<:'fYC-*S:;to~ of. r;(JU2.tion C?) Ui~in,;s ,~ 

re1o.tio.n ;.)f x.~-:-yi-.-.~'"~x' 2 -:-y':1-:-2.~ 1 ~r:.:, E·c:f~..:8.t.icr; {!;}, ,;~_nd f::~.z·:.:h-e·::-

~1 .t~;-:;_.:;:;ic: i::xr.Hx::z;si.,.:;;:1 of: o. trifJ(Jnr;m~1tr i:-:.; fu:rH.:ti,.:)';'1 ~ 

i0069! 

iE(.f~13J..:; .. ::..r;. 6} 

:l' "..".. 2f $.Ht g ~X:':. f: 
/. 

y~' = :.n s,n t ,;;(f~ () 
/. 

[Cf.i?Oi 

{ Eq11::1 t. ;_ ;;(r;_ ~; 1 

l 
l 

C {6) 

,, 
0 {i jfJ'[J::fv, .Jt7i:{~~l,;; .. fi 7f'FFt; 

~M ·-Jr~~;?~rl •• r::.~f;~~~- !if• .. 
-~ ~~~~-;;,_r+'t) 

t00/1] 

·1 
;,• 

_j 

;._7; 

J:O~: 

I::i t.h:Ls ~;;ayJ 1.r.i the t~,:;;:r.ecti•:x1 -:;jr ·S. t.iste~:{€ 1:-.:;n.t: ·:~ame:r:f1 

·,.:t~t>t.-tJ~J]_,;~.tion ,;.;.r;_gJ...e:~ J)·~zt.,:n:~: an °i1'rt3.'.J2 tl"Q.f}~.fo·:r:!':1 fXC,;;!';.*S~ i~:; 

I;"=·~-::.f.:."J;;.·r:-~ed~ fis:l:t; a c-:~(,;:diri.~~r;i.~ {.7,..~ , y' ~ z .. ) ot th.-e ;;1;1cta:n9·u.l~x 

i:~)~-3'>-t,rs ot. t.b-0 .:'!..:J'i~.9~-: J;;:;;!:~.~! f.::m i:-..; tr.an.:::;fc:rmed . .lntl'.':>. ;-;, ~.-.:)!'J"c<lin;;.t~ 

t·:-::,y~ -r:·; thrc.n;.s:;h 1:otat2.:-:m ,:;o~:i;_·dina.tf.:- t·.r~.nsi·,:;:1:r:-1 1 ~H~:-1 1 t.h::::,-n, ~ 

r.~,f:.:.~!snt hBvi.rvJ tJ··~~:: -CC·nrd-l::c~~r;.r~ {x, y, ::} ix: t:t:ansfor:1~~{:'!d f·Dt,;) a pr.,J.nt 

(x.._. ,yf"} o;.i cc;;H.-;.t·d.i..n~te:,;: of th~ t:Lshe·;;·e _L~n~~ .i:r1a9e-. In tl~.k!..i1:L-c·ff:il 

;;;, corrtpone-nt of th(::· z: ~~-x;.z. ci.:u;reZ:pOrid& t:,:J ti ZOl"Jam rat:i.,..::,. zri<l 

t'9!0··d.i.m~1·!.""~r:;: iox1a1·· c.wo -·,:li.m0n£ 1.1:~.ri..z..1 l'";.'.c~~;.i.'$£ :~"!,;;:r~ t_:s:;·o:.:j { x, -~.r} :;,.) 

{~-.:.", y•··; ;is b,2~s1r.:;;..I ly p,e;;to~tt'ii~:d, J..:.. (;(;,,:;zdini'J,tc~ tr--::-in:.:3f;;,t;_-·matior:. 

l':~1:1e:cd:i:~~~ th~:: ~~xpr:<1~;sic;n (~,J: B1;r~:sat.:(;:n·;, {'i} ."i.:::; .::1.-i.it:(-:'.d at .·co:-:d:v.ci·(;!I 

the rnx~~bez of calcul0-t.i,.:)r1~ by c~~h:::1;~L;;d; J.n~r cr.:;o:r,:li:nz.te· t-ro.r;sfor:-m 

ac(:}:);;;:}.i;:e,;i to a .:;,.-;or.·Qj_n.&-tE":: ~).Y.:i ,!; rot.~t.ior-~ r~n.d ~.~1~.pr;·~x:9 t r:i .. i.::$f(>X-i-n 

at";cerr:dj.!)~? tq ;~~h-::·n:·,:H~t::..:·c) .. szticz fjf ::he fisheyt; lens at:. ,:;ni,:~ t1.ir~e. 

roo7-1) 

H~:-'."0 ~ the point !;,;;." 1 y'·· j o.n t:.be c:-.:,0rdlr.~~i"ites of the f:ir-;hr:::.::y(:::· 

Jens lm.::-1~Je obt;-:::.J.ned tJ:1;_·::l!J.gh ::.:.he abo-;?e ··d{-;~c'!·ibed ,;~p~J3~.ti{:1'ft i,{~ 

i.1t.d:!.c.~.t.e-d k,y {.~;.~·~.;} . :!.Jl .:::r~.ier t:.o smvotb.J.y tnte:rpclate th1..e:. 

coi:;rdinx~t.,:~ pi:;.i_nt.: tu, v} t.°ts.(~ foJ.I;;:,wi.r;g i;.1t1":c~t'p,::~1atti.)J;. p;::.".;rt;;':~:-~g 

1.$ t-,fft:t-'.'"ff.':t'(ed.. c,::lrx::· infc;rm.r{t.ior: r-:.i9nal ;:-,:o:npo11e.r1ts of th;:~1e-

co:~.1:1;;.s:; c;t Si ·p:tctt!3"'"2 si.•;rn~1 are 1 ndi....-.:at~ct by Y, ~; .. ax~d V ., th,:;st~ 

c..;rJmf?t;U.~'.n.t:; •.";.f ::h0 p-'.·d.nt {~;.~v) a:.:-;e -~"·nd . .ico.tf.~(l by Yu.~;, Ol..:.,, V,. anl"J. 

·-.l~.L v.:, vo.l:;,~s •ihi-ch bec:::_.mt'. an ;_nt-::::;1er by om.tt.t_.i,119 d.e-::irn:3.l p:::dnts 

of t:b.* C-t)o·cdixiz:.t.i ,:;o:-r1pqr;·~;rJ-:;.'.$ :;. a.nd v 1;:{; th'"~ 'fX)int (•.;,. v} ~;-c(~ 

irK~.J.cat::-:d by uO z.n<l v~::, .£!;.~id a val~;~J c;f t]H: f;.~J1~)r i::-1f-:Jr;n.aticir! 

)~~ 
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c::;i'.:{nJ..11 :i i.n ~ po.tnt h..-x··,ring the· c;:1o~!'d.:Lris_te fun, vo} 'Le::; .ir~d.t,.::;.3 ted 

by Y1;.0v0, !~i-x~1.1ar1y 1 t.he: sa1;:.e eont(:::n:-.:: J.s ir;<licated by :J\J(J~,,n) 

r;,r;d V-.;,(Jv~'; "t_:i-;,:;; th(;; ;:.:oio:( inf-:_.1:r\~~o,ti:,~-::r;. f3igr:.3.1s r.J e.nd v .. :[·:} 

t.dd.ltii:.:.:.L ··N!1U0~ ::k;t.~~:1:(,j?.,d by l"(i'•.!{;.d3.;.1.,;; ~JP de-!c:iJ~l3.I ;;,o~l.'tfCt;; ::~r. t.lu: 

c:·-;ini:d:'i..r-H1t.e -:::ompo;,-g~;·ti.tr:: ~; ~.nd .... ; ~re re-sp0;.~t i:•,1t·d~y 3~ndi•::.;~t.ed by 

i11 ~,nti vl I e..nd v~.V.;1:~s cd: thi:~ cci:.l:.);,: J.nfor:m;;;.t.i..;;)n. ft:i .. g·n.aJ. ;:t .... t, U 

o.nd V f;,;x<.rir;f~ ;.i r;;::ord.ix:z.t0 1.;,;;ri·0t:;pcmdi:19 th(~.t"t~C() ~_.re-

resJ.:--ecttv-e1'"'{ indj_c-ated by Yu:t··<.l; th1I.v1, ar1d Vu1·•.,.-1 __ I'ur·th.,;::;: -1 

d~,;~:~t-r:~}, p~rt .. f; ,;-;f. t..hir. i:.QC!!.'(Jj_n.at~ ~::,:;rl":p!'".u·!en.t;.$ :;. ~.nd ~t a.'!.·~ 

r<::·tt·p~,:;tive:1y indj_i:;ated .by da ar.!d dv, 

[D073] 

;~x1, 1.:np~~1t pi.-::::ttu:~ ::;i~rr>~r-:1 :..._.;_-; _i;:1ti12rpoJ;;;t;~tJ ~nd :i:.3 :nr,q:,p~·d 

;,~oir;.g a 1t:n€:a:;:: t·t:r~.ruifz-:.;::-r1 .-;~xp.t·-r~f::,gion 1,,-;f Equat1.c;;:1 1,1:n, .:~rvj tt.ru.s. 

~ $~11:-; .. :Jt ':.-1 i.1_n-z.9.e c-:Sx: };e d.i_!;;p 1,3.ye<l, 

[0074] 

{ E-:-.p;.~3 t Lon e 1 

i 

:::::::~i~~~~~~:~~: f 
v~:~ "" c ... '"'~,\t'~~;;~o-:;~~;1;~ ~:;;r :; :;:·; ' I 

) 

[OO'i5J 

,, (2) 

Nr~xt.,, o . .;:k:;::Scr..tpti.,;_:-:n will .bt~ mo.de: ct a ffiethod of. 

~:;.t.OmB"i;.i(..;¢}1.y ~xtr-'bct:i;.1.~~ ..;:.:t. :~.~n:a90 C,;$-X! ~; "!.'-~ 1 p,:;;.; J. r; io-a 

(YJ:-;3.S0.,, :tbaz.,::} £t::1d a vaJ-~;e: t c~.::.;:~r,._2.spor:--::Vi.r-ig t:.::"J th(::: ft>cal le:E~Jth~ 

,f~ 

•:.rh,-iJci1 {lz:-~ pai·o.n~;.;:t(::::,r-s t;f tb.e ·±:i.:::heye 1e:rir.; ca~n-::;:t\3..,, f;;c.m1 an imaging 

aJ.~e,_;._ of. thr::, f.tsh&~y"; 1~·(~:::; ca.~~~~·c~. 'r'h0 ;.~f;-,_:;;y~~·-dt:;S(~t·ibe,i 

p~~ro.ii~t'~t.z-r-s a:::e :pi~.rr..:.:net:~tt'£: ·(!.so:;~d in d::Lsto~.cti;:J;; .. f;;O:!:rectioE ;::-;f r;. 

fi-.:-;;J)x:y::! 1-f:n~ Cf-H:"'.(-:xa in:;::.gf.~. 

[O~Y<6J 

r.t q. 5 ).s BX: ;;~x.:r~J.;:;.n~.t.o:c-y .:1.i...:;1~f"<t·HP. c,f exJ:.!"a.ct ion r~f 

pa:t·0Jtt0.t.~r;:=; of the· f:i.s~b~ye t~Y;$ Ct.).Tt~:r:~. 111 tti(::· r~iXitK::- ii·:rure·, 

th~~ ref(:!'Z-enc,.-~: n.vxi.~e:r:&1 s--1 :i.-r;.dicar;-::·:::-:; -=~:i. imi"f:J·i .. nq tt;:.r:r~ ..;;f. t.he 

t.i.&hf)!Y::J l*n::~ !;;;.w1~~·i·-? .... -~nd ch':j ~·(jfe.t"r:':ice· H-..~·:ri,;~.eal 5-·2 indi:-:;.;:.~tt1s 

a fj.eh~y,.:3 1.z;u::; i11a,~re: areo.. The c1.r.cElar fis't;_e:ye lens ir-r:a9~ 

0·,:-(-!;;.. :~-"/. i~; oh.!;(,H'.·i.,~d in t'.h~ .i.;-rK~·g:..v.g ¢1;~~~-:i: S·J>l ot tt:e· C-7,W(:;ra ·nzinq 

c-:. c:::!,. rcalar i.m:-:-,.9"(:} f i.,:sfl:-:j'yf~ 1:c~ns. Tb.e f ifd.i.iZ'zJ>:': 1~::1f:> j_1.r:3.1if* t-1ri!& 

':~·-2. 5-:,; Ol')B•f~:eved at ;B. r~:r:~;~•:0?.*-t':.11:!t':0d tH:r~:~tir:(O .in th~1 carrier~ 

irri~_g:!.-t .. ~g a:::-::.:~ 5--:i, ,:,;nd J .. :LrJht do<:!:~ riot .reBJ .. :.t'~ tr..:.e~ ,:-;,~;.te:r 

circi1:((fe~encr::· of. th~: t.i:-::bt':l(~ 1~~n~; trn,~.g·~ t~:r.-;~n. ~;.--2, an{J. r.t-;·~;.£ tb~~ 

ar~-a. h.af:; very le, .. -:,: '.l.1;m) .. ;:·1:2KnJ:;e. 

~OO'J.1 j 

".: .. "'h~retore, o. histo9ram }.-e· 1;F·::.rding ei-:ch t)f th,2 hc!r~.:..:;oJ.«:taJ .. 

s.nd. V-f::rtic;-::.1 d.1.:.:~c:: .:.o:ti!-:i it~ ext . .:-:o.c::x:d. v..i th. ·:-::--!'.::~p1:~-:~t to th;e-: f.'Y.:t i1~·{:~ 

ctur:er.e imo.,;;1-r;g -:~rez.. :; ... 1 J sr..-i ;';'< ~; t:.:} m(~:1~r:;x·e .?;-. por:.-.i t to.ti of t t'ie· 

fish.ey0 l¢!!1S im~g~!'. a1.·~~~1 i1'.nd a i.'."r.!.d.i·-.;:,~ th0r:-£c·f.. 

{CH)"/HJ 

Appz:·o:;:riJ5.t:.:C t.:b:c~shold v:;).J..ur~:-:: l'h ;.:..nd. Tv ~itr~ r~~·t fc;r- & 

ho·,.iz.c;.;rtz1. direc.ti'."!·n bi.~;l;.Jgr{ir:-: Nfdn} ,~nd i:i verttcal di.t:<~c:t .. iX:-'!') 

ht::.n· .. oqxz(i't,. Hv i_:n} ;· ~:nrJ. hist:ogr0ir1s a; .. ·::;~ (~.<'h·1~urr:d fr•.;m 1)oth {H"~tls 

':H~ 
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J.v...·;;::i;zrx(.::::al 1 y e:,:iual ly d::. ~/j_dt-r;g b.. pe:::s,:;n r!::gion hQ . .,,riy--;g a f~":i'!t.ur}.': poir;t. (10·-7; find Le:- dr,.).t.~·~mi:r~~ wh"fth~;; o-:,· not tf.w:.r~ .i .. o 

·;:;$J,.bt~te.nt.::.~~.J1).,. ,.::·:;t tr~~.pe·r.:::,i.,:J.f~.l she.pe t·nt::..., a. p.re!'J~tirJ'r;.?.;~ di.vision ,;.~. {~,;.~trv:r~ p1:::!.r.~t {10, .. :;;; if t}1e<:ce .is a fe·atiJ ... r~ po:Lnt., tt1<f 

·tH;.:rib*-t~ ei.}.~~~ calc:tJlfd';t!d.,. a1·!d. ,:xflc;.r .infr)t: ... !'~i.&t ii:.;n si.,;ffi.(il~ 0.t ~h(f ::.-~Y+t.re..i:::r;~d p()1.nr; i.:.~ ~"::'.\-~S.!-:'d { l.0 i ";.?} , 3.r.';d .... ~ ~r~::~x.i.m1.:m ··.1al.1;.:::"! ;:.x:d ~1 

.tr~.tti,.::.z· poi:nt.s ar€· pJ;~s~:c-::-~2d ~\s ;.:-._ tt-,c~t;.1;:}2 :~rr:oi;x;t:. )_:d tfv-2 pz~:::~;~,:::n' z mi:n)_r~u?;} ··.:;,;..11; . .z ot ~ :i:::::~·:~i.,:JD. ryf {:<:, y; cc•.:n,--;j::..nc~.,r.:~s a::..~e~ strj:C&d, 

f ir;i-~;:e .. In f;.dd.i t ic;;;1., i!! {j,~(;:;f:~$5 ;_';f~ ;:~,;r:.t-;f:.*j_H~.r.::9 ::.b0 :fa~3.tUt'.~ (lH-·J.O); 5.t ".:.-~ d!:c?. .. (,:.t'l.":.~1x:ed wh~r.h(.:~;: ,:;'(· ;1,:;t n J.irH:-: .f:<; & t:int~l. 1·5:!";fz: 

r1.ff((.n;.r;t ot tbx~ pet·}301:i·' ~. f::ig\1,:8 and a r;,roi:::e~s •:Jt c,;,.1ttinq tJ1"2 {l(}·-11} 1 a?;"J<J, if the· liru2 i;:; a final 11.:ne, the f:lo'-.:1 :f1.nir~h~s 

p€:·r·~(-,n.:, B f i,;5~.ir~ -:1 Y.t~ Xi~p~~.-1.t,?.d.ly pei--fo:r.--:nf:d wi :;:,h any time i.nt.}.~rvc~ ·:., (10u12} < 

~tnd tb:1.s ea~ .. ~h perr::;t•r;. 1
::; f;.~~~i.:;_r(::: ,..:-,~.a be i.a(b .. -.;id•.!3.Ily tr;:E-::k~:'d. evt~n [01.J.BJ 

in « c~t~* ,,.;h~xe a pJ .. :;.ra?.1.tt:y· ,:;f p~;;.·:io-ns 1 tJ,.~5;;.;:~$ ~X'* ir1 t-b.~ I'f t . .b.?(.e-& i~; ·1·~0 1.:*¢t;.uxe poi::;!; i~:! t.h~~ ,..3_~~*::m.i.n¢r.: io.n { ).!)-, B }-

t :Lsh<::ye J .. (~rtt~ ·Zi1.~n,e.r·.:-. tr::"v;;.gir;g z.:c(::Q • .. of ~.-:h~th:(::r o;: n.ot there is a ft:~U..1~:c." pc•i:r).t~, it ic;; d.:::tcJ:mined 

fo::.:i·n wf.:x:t.h.(-!r. os.: n~::t t~·:(1.·c-f:. :re!-:. t~'!f{:_·_;.:r.e p·,"YJ.:;.t:-;.; .t 1·: -:"!i ·plr~:ra.1 ity :.~t 

F'i.9. 1.;3 1.~ r~ t"lo~;,chzu:t, i1J3;,~;tre-~r.: i:n.q r~ p~coct::f:<S: ,:.:t contJxs~..:.n~.::.s ll.neo (Jf~· .. J..3~) ~ .if th•Zt't:: ,;~.:re a,:; c::sntinuous t;.:::,s.t:u:r~~ 

r3.et.er.rni;,t.Lr:~q 0. pv.~-.r;f;,:>r',' s tisr(a·r:= v.~x::·::::1.•::t·i(>n (){:,~"J.?- tir:!n ,;l(;f.;(_H"<l:i.;:tff p;3>i:r~t~•. ~ th~ fH!r..~bex of: ;:~~~i.o;.(~ it.;: C(;,tu';;~:.ed. iH.(d t..be p:.;1;:son ;;~~;.i,on';-; 

~-o ,z.u (:'.·fflhc•dim(~n:t zxf t.be prt;2ent L:y.;·(:::·1.1~1.c:n. F'irs:t~ t'. ctriu{n~1.:1Ji B.X(:! Sti:'.:,Le(".i ~ 1n --11; ; and. th(:! t1r:..:w pro:::~~e.tis tr..1 tt:::.~ 
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!SCOPE OF THE CLAIMS] 

!CLAIM I] An image data conversion device wherein, with respect to a region for a 

portion of circular image data obtained by image capture using a fish-eye lens, a point 

(g(0)•cos\jf, g(0)•sin\jf) in the region on a planar Cartesian coordinate system whose origin 

point is a center of the circular image (where 0 is a parameter fulfilling O < 0 < n/2; g(0) is a 

function fulfilling g(O) = 0 and monotonically increasing in the range of 0; and \JI is an angle 

formed by a line segment and a coordinate axis on the planar Cartesian coordinate system, the 

line segment linking the origin point of the planar Cartesian coordinate system and the point 

on the circular image) is converted into a point (R, \JI, R/tan0) on a cylindrical coordinate 

system where R is a constant. 

!CLAIM 2) The image data conversion device according to claim 1, wherein the fish-eye 

lens has a property in which h = g(8) (h being an image height and 8 being a field angle). 

!CLAIM 3) The image data conversion device according to claim 2, wherein the function 

g(8) is g(8) = 2f•tan(8/2) (f being a focal distance). 

!CLAIM 4) The image data conversion device according to claim 2, wherein the function 

g(8) is g(8) = f•8 (f being a focal distance). 

!CLAIM SJ A computer-readable storage medium storing a program executing operations 

of the image data conversion device according to any one of claims 1 to 4 on the computer. 

!CLAIM 6) An image capture system comprising: 

the fish-eye lens; 

a conversion means converting an image obtained by the fish-eye lens into the image 

data; 

the image data conversion device according to any one of claims I to 4; and 

a display means displaying the image data on the cylindrical coordinate plane by 

projecting the image data onto a plane, the image data on the cylindrical coordinate plane 

having been converted by the image data conversion device. 

I CLAIM 7) An image data conversion method wherein, with respect to a region for a 

portion of circular image data obtained by image capture using a fish-eye lens, a point 

(g(0)•cos,v, g(0)•sin\jf) in the region on a planar Cartesian coordinate system whose origin 

point is a center of the circular image (where 0 is a parameter fulfilling O < 0 < n/2; g(0) is a 

function fulfilling g(O) = 0 and monotonically increasing in the range of 0; and 'V is an angle 

fonned by a line segment and a coordinate axis on the planar Cartesian coordinate system, the 

line segment linking the origin point of the planar Caiiesian coordinate system and the point 
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on the circular image) is converted into a point (R, \V, R/tan0) on a cylindrical coordinate 

system where R is a constant. 

!DETAILED DESCRIPTION OF THE INVENTION] 

100011 

I Technical Field of the Invention] The present invention relates to an image data 

conversion device and, specifically, relates to a device converting image data having a 

circular shape and obtained by image capture with a fish-eye lens into planar image data in 

which distortion is corrected and wide area display is possible. 

100021 

[Prior Art] Conventionally, in an in-store surveillance camera, a traffic regulating camera, 

and the like, in order to monitor a status of a surrounding area, a camera having a field of 

view that is limited to a forward view is typically rotated by a drive device such as a motor. 

However, when such a camera having a limited field of view is rotated, a rotation driver 

becomes necessary, and thus the device becomes complex. In addition, the camera must be 

rotated when a specific target is to be captured and so when the target is moving, it may not 

be possible to capture the target due to limitations of rotation speed. Furthermore, a plurality 

of directions cannot be imaged simultaneously, constantly resulting in blind spots in a 

monitored area, and therefore such a camera cannot be said to be sufficient for a monitoring 

function and the like. 

10003) Japanese Patent Publication No. H06-501585 suggests, as a technology resolving 

such problems, converting image data having a circular shape into a planar image, the image 

data being obtained by capturing an image of all orientations forward of a fish-eye lens. A 

simple description of the technology follows. The circular image data obtained by the fish

eye lens can include an image of all orientations, but the image becomes more distorted 

further toward an outer periphery. This distortion can be largely removed when the circular 

image data is translated onto a hemisphere surface, but image data translated to the 

hemisphere surface cannot be displayed on a planar monitor. In the above technology, the 

portion of the image data translated to the hemisphere surface is fu11her projected onto a 

planar surface, thereby enabling the image data to be displayed by conversion into a plane. 

By using such a method, a device can be simplified by making a rotation drive mechanism 

unnecessary, and switching a display direction simply becomes a matter of control during 

data processing, and thus can also be sped up remarkably. 

10004) 
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[Problem to Be Solved by the Invention] However, even when circular image data 

obtained in this way by the fish-eye lens is configured to be converted directly into planar 

image data, an entire hemisphere surface cannot be projected onto a single planar surface 

with adequate distortion correction, and therefore the image obtained relates only to a specific 

direction. Accordingly, blind spots occur on a display screen even though the full 

surrounding area is captured by the fish-eye lens. In addition, as a method to eliminate blind 

spots, a method performing planar image conversion for a plurality of directions 

simultaneously and performing simultaneous display can be considered. However, in such a 

case, seams between images are not continuous and a plurality of different image conversions 

must be performed. 

[0005] In order to resolve these problems, the present invention has as an object to convert 

image capture data of a full surrounding area obtained by a fish-eye lens such that distortion 

can be corrected and the image capture data can be displayed as a seamless single image. 

[0006) 

[Means for Solving the Problems] In order to resolve the above-noted problems, with 

respect to a region for a portion of circular image data obtained by image capture using a 

fish-eye lens, an image data conversion device according to the present invention converts a 

point (g(E>)•cos\j/, g(E>)•simjl) in the region on a planar Cartesian coordinate system whose 

origin point is a center of the circular image (where E> is a parameter fulfilling O < E> < n/2; 

g(E>) is a function fulfilling g(O) = 0 and monotonically increasing in the range of E>; and \jJ is 

an angle formed by a line segment and a coordinate axis on the planar Cartesian coordinate 

system, the line segment linking the origin point of the planar Cartesian coordinate system 

and the point on the circular image) into a point (R, \j/, R/tanE>) on a cylindrical coordinate 

system where R is a constant. Moreover, what is referred to as a fish-eye lens in the present 

invention includes not only what is typically called a fish-eye Jens, having a viewing angle of 

substantially 180°, but also includes what is typically called a wide-angle lens, having a 

narrower viewing angle. 

(0007) Moreover, the conversion is sufficient when a conversion is performed that, as a 

result, satisfies the above-noted relationship and the process of the conversion is not 

discussed. In other words, the above-noted formula need not be applied directly, and cases 

are also included where conversion is pe1fom1ed using a table showing correspondence 

between pre-conversion pixels and post-conversion pixels. In addition, the planar Cartesian 

coordinate system and the cylindrical coordinate system are mutually independent and 

directions of the coordinates can be defined as desired. In addition, the cylindrical coordinate 
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system where R is a constant forms a cylindrical surface. However, herein, cases are also 

included where the above-described conversion is performed by projecting the image as a 

plane. 

10008] When configured in this way, first, when \jJ is fixed and 0 is increased from a small 

value to a large value within a range where the point (g(0)•cos\j/, g(0)•sin\j/) is in the region 

for the portion of the circular image data, a line segment oriented in a radial direction from 

the center of the circular image data is converted into the cylindrical coordinate system where 

Risa constant (i.e., as a line segment oriented from up to down on a cylindrical surface of 

radius R). This conversion is further performed for \jJ in a maximum range of 360° such that 

the above-noted point is in the region for the portion of the circular image data. Therefore, 

the portion of the circular image data is smoothly converted into a cylindrical surface in a 

form where distortion is corrected, the portion of the circular image data including image data 

for a full surrounding area centered on the fish-eye lens and captured by the fish-eye lens. 

The image converted into a cylindrical surface can be readily made into a planar image by 

projecting the cylindrical surface. Therefore, distortion of the image capture data of the full 

surrounding area obtained by the fish-eye lens can be corrected and the image capture data 

can be displayed as a seamless single image. 

(0009] In addition, when the fish-eye lens has a property in which h = g(8) (h being an 

image height and 8 being a field angle), an amount that g(0) increases accompanying an 

increase of 0 is the same as the amount that the image height h increases. Accordingly, in 

other words, changing 0 is the same as changing the field angle 8. In such a case, the 

circular image is converted into an ideal, undistorted hemisphere surface and, moreover, an 

image can be obtained in which a converted hemisphere surface image is projected with 

respect to the cylindrical surface using light projected from a center point of the hemisphere 

surface and oriented in a radial direction, the cylindrical surface being positioned such that a 

center axis matches the center axis of the hemisphere surface. Accordingly, an image capture 

region spanning the entire area on the sides of the fish-eye lens (i.e., an image on an outer 

peripheral side of the circular image) is converted into an image with almost no distortion. 

(0010] In addition, when the function g(8) indicating a property of the fish-eye lens is g(8) 

= 2f-tan(8/2) (where f is a focal distance), an amount of data for the image on the outer 

peripheral side of the circular image data is greater. Therefore, reproducibility during 

conversion into a cylindrical surface of an image capture area spanning the entire area on the 

sides of the fish-eye lens can be improved. 
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10011] Moreover, when the function g(8) indicating a property of the fish-eye lens is g(8) = 

f•8 ( where f is a focal distance), the property is that of the most typically used fish-eye lens. 

Therefore, a low-cost, mass-produced fish-eye lens can be used and cost of the device can be 

reduced. 

(0012] The image data conversion device can also be achieved by installing a program 

executing the operations of the image data conversion device onto a computer, and the 

program can be stored on a storage medium readable by the computer. 

(0013] Moreover, in order to resolve the above problems, an image capture system 

according to the present invention includes the fish-eye lens; a conversion means converting 

an image obtained by the fish-eye lens into the image data; the image data conversion device 

according to any one of claims 1 to 4; and a display means displaying the image data on the 

cylindrical coordinate plane as a plane by projecting the cylindrical coordinate plane, the 

image data on the cylindrical coordinate plane having been converted by the image data 

conversion device. 

(0014] According to such a configuration, the image capture system, as described above, 

displays the image on the cylindrical surface by projecting the image as a plane, the image 

data conversion device having corrected distortion of the image and converted the image to 

remove seams. Therefore, a situation of a surrounding area captured by the fish-eye lens can 

be entirely shown on one screen. Moreover, the projected plane also includes cases where 

the projected plane is processed as appropriate, e.g., a case where the projected plane is cut at 

a predetermined position and each cut section is arrayed as appropriate for display. 

10015] Also, in order to resolve the above-noted problems, with respect to a region for a 

portion of circular image data obtained by image capture using a fish-eye lens, an image data 

conversion method according to the present invention converts a point (g(0)•cos\j/, 

g(0)•sin\j/) in the region on a planar Cartesian coordinate system whose origin point is a 

center of the circular image (where e is a parameter fulfilling O < e < Kl2; g(0) is a function 

fulfilling g(O) = 0 and monotonically increasing in the range of 0; and 'V is an angle formed 

by a line segment and a coordinate axis on the planar Cartesian coordinate system, the line 

segment linking the origin point of the planar Cartesian coordinate system and the point on 

the circular image) into a point (R, \j/, R/tan0) on a cylindrical coordinate system where R is 

a constant. The image data conversion method also smoothly converts the portion of the 

circular image data into a cylindrical surface in a form where distortion is corrected, the 

portion of the circular image data including image data for a full surrounding area centered 

on the fish-eye lens and captured by the fish-eye lens. Therefore, distortion can be corrected 
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and the image capture data for the full surrounding area obtained by the fish-eye lens can be 

displayed seamlessly. 

10016] 

(Mode for Carrying out the Invention] Hereafter, a description of an embodiment of the 

present invention is given with reference to the drawings. Fig. 1 shows a block diagram 

illustrating a configuration of an image capture system according to the embodiment of the 

present invention. The image capture system is configured with a camera portion I, a data 

converter 2, a first image memory 3, a second image memory 4, an AID converter 5, a DI A 

converter 6, and a monitor 7. 

(0017] The camera portion I uses a fish-eye lens 11 as a lens and is capable of image 

capture at a field angle of 90° or more at least with respect to an optical axis of the lens. 

Herein, a fish-eye lens is used having a property wherein 

h = 2f•tan(812) CD 

When a Jens having such a property is used, an amount that an image height h increases 

relative to an increase in the field angle 8 becomes greater in comparison to a typical Jens 

where h = f•8. Therefore, an amount of information can be greater for a range having a large 

field angle 8 (i.e., a periphery of a circular image obtained by the fish-eye Jens). The circular 

image obtained by the fish-eye lens 11 having this property is converted into an electronic 

signal by a CCD 12 for each RGB value of each pixel and is output to the AID converter 5. 

Herein, the CCD is, for example, a CCD using l 280x I 024 pixels. 

[0018] The AID converter 5 converts an analog signal transmitted from the CCD 12 into a 

digital signal and outputs the signal to the first image memory 3. The first image memory 3 

is configured with a RAM and stores RGB values for each pixel based on the digital signal 

representing the transmitted circular image. The data converter 2 is equivalent to an image 

data conversion device according to the present invention and is configured with an 

arithmetic circuit perfonning calculations described below. The data converter 2 converts the 

circular image data stored in the first image memory 3 into cylindrical image data using a 

conversion described in detail hereafter, then outputs the image data to the second image 

memory 4. 

[0019] The second image memory 4 is again configured with a RAM, and the RGB values 

for each pixel of the output image data are stored as a plane, described hereafter, onto which 

the cylindrical surface is projected. In addition, the image onto which the cylindrical surface 

is projected is long in a width direction. Therefore, in order to obtain the display data 
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described below, when storing image data, the second image memory 4 stores the projected 

image such that the image is divided into halves and placed at a predetermined vertical 

interval. The DI A converter 6 reads the image data having digital values stored in the second 

image memory 4 and converts the image data into an analog signal, then transmits the analog 

signal as an image signal in order of scan lines of the monitor 7. The monitor 7 displays the 

image stored in the second image memory 4 based on the image signal transmitted by the 

DI A converter 6. 

(0020] Moreover, portions of the present image capture system except the camera portion I 

can be achieved by installing a program to accomplish the above-noted functions and the 

below-noted operations on a typical computer. The program can be stored on a storage 

medium such as a floppy disk that is readable by the computer. In addition, the program can 

be installed on the computer through a communication means such as the Internet. 

(0021] At this point, a conversion method of the data converter 2 is described in detail. The 

data converter 2 converts the image data on the circular surface onto a cylindrical surface. A 

correspondence relationship between points on the circular surface and points on the 

cylindrical surface is described with reference to Figs. 2 and 3. Fig. 2 is a view showing a 

relationship between a desired point PO on a hemisphere surface 0, which supposes an ideal 

full circumferential surface captured by the fish-eye lens 11, and a point P2 on the cylindrical 

surface C, which is the converted surface. In Fig. 2, in an xyz coordinate system, the 

hemisphere surface O has a base circle (a circle configuring an edge of the hemisphere 

surface) positioned on an xy plane and centered on the origin point. A z axis coincides with 

the optical axis of the fish-eye lens 11. Furthermore, the cylindrical surface C is a cylinder of 

radius R axially centered on the z axis. In other words, the cylindrical surface C can be 

represented as a curved surface in an r\jfz cylindrical coordinate system where R is constant. 

In addition, herein, points on the cylindrical surface C are represented by (R, \jl, z) as points 

on the r\jfz cylindrical coordinate system. However, \jf is an angle formed by a line segment 

and an x axis, the line segment being created by the origin point and a point of intersection 

between a vertical line down to the xy plane and the xy plane. Also, P2 is a point where a 

straight line extension of a line segment linking the origin point with the desired point PO on 

the hemisphere surface O intersects with the cylindrical surface C. Moreover, an angle 

formed by the z axis and the line segment linking the origin point with the point PO has a 

field angle e with respect to the point PO. 

(0022] The desired point PO on the hemisphere surface 0, which supposes the above-noted 

ideally captured full circumferential surface, indicates a position of a point P 1 on a captured 
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image surface F captured by the fish-eye lens 11 in Fig. 3. A circular region on the captured 

image surface F in Fig. 3 is a region on the CCD 12 bombarded by light through the fish-eye 

lens 11, and forms a circular surface S displaying converted image data. In Fig. 3, an origin 

point on an XY coordinate system is occupied by the center of the circular surface S. 

Moreover, directions of the X axis and the Y axis are configured to be opposite from the x 

axis and the y axis of the xyz coordinate system of Fig. 2. This is in order to handle PO also 

being shown in a position inverted top to bottom and left to right because the image captured 

by the camera portion I is inverted top to bottom and left to right. However, the cylindrical 

surface is arbitrary, and so in an actual conversion there is also liberty in how coordinates are 

handled. In addition, the position of Pl is a position at an image height h distance from the 

origin point where an angle formed by the X axis and a line segment linking the origin point 

with Pl is \j/. his expressed by the above noted formula I and is defined by the field angle 8. 

(0023) The data converter 2 converts Pl shown in Fig. 3 into P2 shown in Fig. 2. Hereafter, 

a description is given of a concrete calculation. First, a case is considered where parameters 

are set to 8 and \j/. In this case, the coordinates of Pl on the XY plane are (h•cos\j/, h•sin\j/) 

and, when h is substituted out using the above-noted formula 1, are represented by 

(2f•tan(8/2)•cos\j/, 2fetan(8/2)•sin\j/). Meanwhile, for the coordinates of P2, R is a constant, 

and z has a relationship according to Fig. 2 in which z = R / tan8, and thus the coordinates of 

P2 are represented by (R, \j/, R / tan8). Accordingly, the parameters 8 and \j/ can be moved to 

specify PI on the circular image on the XY plane, and a point on the r\j/Z cylindrical 

coordinate system (that is, the point on the cylindrical surface C) can also be specified with 

respect thereto. Therefore, the image data can be converted according to a formula that 

indicates Pl and P2. However, in a case where 8 = 0, the z coordinate of P2 becomes 

infinitely large, and therefore in reality a value of 8 is used which is a certain value or more. 

In the present embodiment, a range of n/4 :'S 8 < n/2 is used for 8. 

(0024) In an actual conversion, calculation is facilitated by using data directly representing 

a position of each pixel in the captured CCD 12 or a post-conversion position of each pixel 

on the converted cylindrical surface C as the parameters. Use of x and \j/ as parameters 

directly representing the post-conversion position of each pixel on the cylindrical surface C is 

considered. In such a case, when the point P2 on the cylindrical surface C is represented with 

the parameters z and \j/, the coordinates are (R, \j/, z). The converted cylindrical surface C is 

projected and displayed on the monitor 7, and each pixel is aligned at equal intervals of a 

pixel pitch d in a longitudinal direction and a lateral direction. Fig. 4 illustrates a view 

representing a relationship between the projected cylindrical surface C and the circular 
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surface S. The longitudinal direction of the cylindrical surface C coincides with the 

parameter z. Therefore, when a change is made to the parameter z in units of the pixel pitch 

d, the changes coincide with the longitudinal direction pixel positions of the cylindrical 

surface C. An amount of change accompanying an amount of change in \j/ in the lateral 

direction of the projected cylindrical surface can be represented by R•\j/. Therefore, when the 

amount of change of the parameter \j/ corresponding to the pixel pitch d of the cylindrical 

surface C is L'.1\j/, the amount of change can be represented as L'.1\j/ = d / R. Accordingly, when 

a change is made to the parameter \j/ in units of d / R, the change coincides with the lateral 

direction pixel positions of the cylindrical surface C. Moreover, a range where the circular 

surface S has hatching in the drawings is a range of the circular surface S corresponding to 

n:/4 .:S 8 < n:/2 and indicates the range converted into the cylindrical surface C. 

10025] Meanwhile, representing the point Pl on the circular image using the parameters z 

and \j/ is considered. First, when transforming the above-noted formula CD using a double

angle fonnula for a trigonometric function, 

h = 2f•tan(8/2) = 2f• { sin8 / ( I + cos8)} CD' 

I · · 8 , 7 II" G 7 , ]/? resu ts. Fig. 2 shows that sm = R / (R- + z-) -, cos = z I (R- + z-) -, and therefore when 

these are substituted into the formula I and simplified, h = 2f•R / {(R2 + z2)112 + z)} results. 

Therefore, as a result, Pl is (2f•R•cos\j/ / {(R2 + z2)112 + z)}, 2f•R•sin\j/ / {(R2 + z2t2 + z)}). 

Accordingly, as noted above, changes are made to z in units of d, and changes are made to 'V 

in units of d / R, then the pixel positions on the circular surface S, in which each pixel 

position on the cylindrical surface C is converted by the formula, can be found. In such a 

case, the pixel positions obtained by calculation and the pixel positions actually captured by 

the CCD 12 fail to coincide completely, and therefore the nearest pixel is extracted. 

Specifically, obtained X coordinate values and Y coordinate values are, for example, divided 

by a pixel pitch ds of the CCD 12 and those values at or below a decimal point, for example, 

are discarded. Thereby, the obtained integer value can be extracted as a number for the pixel. 

Moreover, in such a case, where the origin point of the XY coordinates is (0, 0), each pixel of 

the CCD 12 is respectively defined with a positive or negative in accordance with each 

quadrant of the XY coordinates. 

10026] Using the above method, the data converter 2 calculates the circular surface S pixel 

position corresponding to each pixel on the post-conversion cylindrical surface C, then 

converts the pixel data of the pixel positions as respective pixel data on the cylindrical 

surface C. As a result, as shown in Fig. 4, the pixel data on the circular smface S is converted 
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as respective pixel data on the cylindrical surface C. Moreover, an unambiguous 

detem1ination is made as to which pixel position of the cylindrical surface each pixel of the 

circular image is transformed into. Therefore, the data converter 2 can be provided with a 

table showing a correspondence between the pixels of the circular image and the pixel 

positions on the cylindrical surface without performing calculations, and the data conversion 

can be performed based on this. 

(0027] Next, a description is given of operations of the image capture system having the 

above-noted configuration. Moreover, the camera portion I is mounted inside a room, 

oriented downward from a center of a ceiling. Further, a range of z of the converted 

cylindrical surface is O < z :SR. In other words, the range of 8 is defined as n/2 > 8 ~ n/4. 

Fig. 5 is a flowchart illustrating operations of the image capture system. First, a panoramic 

view of the room is captured by the camera portion 1 as a circular image through the fish-eye 

lens 11. The circular image is converted to an electrical signal by the CCD 12, then is further 

converted to digital values for each pixel by the AID converter 5. Then, this data is stored in 

the first image memory 3 (slOJ). Furthermore, 0 is input for each of the parameters \Jf and z 

as an initial value (sl02). 

(0028] Next, using the data conve1ier 2, a parameter ,vi is increased in units of d / R until i 

= 1-n (n = 2nR I d), and a parameter zj is increased in units of d until j = 1-m (m = R / d). 

Then, for each of the values, 

Xi= [2f•R•cos\)fi / {(R2 + z/t2 + zj}•ds] 

Yj = [2f•R•simvi I {(R2 + z/)12 + zj}•ds] 

is calculated and, based on the results, (Xi, Yj) order pixel data stored in the first image 

memory 3 is extracted and stored in the second image memory 4 as pixel data of the (i, j) 

order pixel in the cylindrical surface (sl 03 - sl 08). Moreover, in the second image memory 4, 

in order to display the image as shown in Fig. 6 on the monitor 7, the pixels (i, j) on the 

cylindrical surface are divided into two parts, one part in which i = l-n/2 and j = 1-m and 

one part in which i = (n/2) + 1-n and j = 1-m, and are stored so as to obtain an image in 

which the latter part is positioned so as to be a predetermined interval below the former part. 

Moreover, text data indicating the angle, shown in Fig. 6, is pre-stored in the second image 

memory 4. 

(0029} The image data stored in the second image memory 4 is output to the monitor 7 as 

an image signal by the D/ A converter 6 (s 109) and is displayed by the monitor 7 (sl 10). The 

image data is divided into two parts and formed so as to be positioned vertically, as noted 

above, and thus a screen shown in Fig. 6 is displayed. In this way, in the image capture 
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system according to the present embodiment, footage of an environment in 360° captured by 

the fish-eye Jens can be fully and seamlessly displayed, and a status of the environment of the 

Jens can be fully monitored without blind spots. 

10030) In the above-described embodiment, a fish-eye Jens was used having a property 

represented by the above formula 1. However, the fish-eye lens may also have a property not 

represented in formula I. Specifically, when the property of the fish-eye Jens is generalized 

to h = g(8), P2 remains as described above and Pl can be represented with (g(8)•cos\j/, 

g(8)•sin\j/). Therefore, in a case where the parameters are 8 and 'V, it is sufficient to use the 

same. Moreover, in a case where the parameters are z and \j/, as described above, it is 

possible to use the expression 8 = Tan-I (RI z), per Fig. 2. Therefore, P2 remains as 

described above and Pl can be represented with (G(Tan-I (R / z)) )•cos\j/, G(Tan-I (RI 

z))•sirnv). Therefore, similar to the above, corresponding P2 and Pl pixel positions can be 

found while changing the values of z and \j/. 

10031) For example, in a case where a commonly used fish-eye Jens having a property in 

which h = f •8 is used as the fish-eye Jens, it is sufficient to make similar conversions as 

above in which, when the parameters are 8 and 'I', Pl is (f•8•cos\j/, f• 8•sin\j/), and when the 

parameters are z and 'I', Pl is (f•G(Tan-I (R / z)) )•cos\j/, f•G(Tan-I (R / z))•sin\j/). Moreover, 

Tan-I (RI z) can be found using a known regression calculation. 

10032) Moreover, a fish-eye lens having a property in which h = f•8 can be swapped for the 

fish-eye lens 11 in the above-described embodiment, while other components remain the 

same. This is because, although a rate of expansion and contraction of an image in a radial 

direction differs between the circular image obtained by the fish-eye Jens having the property 

according to the above-noted fonnula 1 and the fish-eye lens circular image having the 

property h = f•8, an adjacency relationship between the images does not change, and 

therefore the obtained image can fulfill a role as a surveillance image with only minor 

differences of expansion and contraction appearing in the z direction. 

10033) Even more generally, using a monotonically increasing function g(0) in a range 

where O < 0 < K/2, when Pl is (g(0)•cos\j/, g(0)•sin\j/), images are displayed for various 

kinds of fish-eye lenses, the images differing only in the rate of expansion and contraction in 

the z direction. In addition, by using, as the function g(0), a function having a least amount 

of z-direction distortion in response to the property of the fish-eye lens being used, a 

surveillance image that is easier to see can be obtained. 

10034] Further, the image capture system in the above-described embodiment is configured 

to convert and display an image for all of a 360° environment captured by the fish-eye lens 
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11. However, in a case where the camera portion 1 is installed where a wall meets the ceiling, 

for example, converting and displaying a 1 80° portion excluding the wall direction is 

sufficient, and in a case where the camera portion 1 is installed in a comer, converting and 

displaying a 90° portion excluding the wall directions that enclose the comer is sufficient. In 

this way, depending on a situation, a range for conversion can be determined as desired. 

(0035] In addition, in the image capture system of the above-noted embodiment, the range 

of O :S 8 < nl4 is not displayed. However, because this range has a small amount of distortion 

in the original circular image, the range may also be configured to be matched with the image 

of the cylindrical surface C and displayed on the monitor 7 as the circular image, without 

performing conversion. 

(BRIEF DESCRIPTION OF THE DRAWINGS] 

!FIG. l] is a block diagram illustrating a configuration of an image capture system according 

to an embodiment. 

(FIG. 2] is a view showing a relationship between a point on a hemisphere surface, which 

supposes an ideal full circumferential surface captured by a fish-eye lens, and a point on a 

converted cylindrical surface. 

[FIG. 3] is a view showing a point on a captured image surface corresponding to a point on a 

hemisphere surface, which supposes an ideal full circumferential surface captured by the fish

eye Jens. 

(FIG. 4] is a view illustrating a projected cylindrical surface. 

!FIG. SJ is a flowchart illustrating operations of the image capture system. 

[FIG. 6] is a view illustrating a display screen using a monitor. 

[DESCRIPTION OF REFERENCE NUMERALS] 

1 Camera portion 

2 Data converter 

3 First image memory 

4 Second image memory 

5 AID converter 

6 DI A converter 

7 Monitor 

11 Fish-eye Jens 

12 CCD 
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SI - Acquisition 

- Taking a panoramic image by means of a still digital camera 
or a digital video camera equipped with a panoramic lens 
having a non-linear distribution function Fd 

S2 - Transfer of the image file into a computer 

- Transfer of the 1mage file {image disk) into a 
microcomputer 
- Storage in the auxiliary storage (optional) 

S3 -Linearisation of the image disk 

- Transfer of the image points of the initial image disk into a 
second virtual image disk comprising more image points than 
the initial image disk, by means of the function Fd. 

Obtaining a linear image disk 

S4 - Digitisation 

- Transfer of the image points of the second image disk into a 
system of axes OXYZ in spherical coordinates Obtaining a 
panoramic image in a hemisphere 

S5 - Interactive display 

- Detennination of the image points of an image sector to be 
.displayed 
- Display of the image sector on a display window 
- Detection of the user's actions on a screen pointer or any 
other control means, 
- Detection of the user's actions on keys for image 
enlargementJ 
- Modification of the sector displayed {sliding the image 
sector displayed on the surface of the hemisphere and/or 
shrinking/expanding the image sector displayed) 
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Sl -Aequisition 

- Talcing a panoramic image by means of a still rugital camera 
or a digital video camera equipped with a panoramic lens 
having a non-linear distribution function Fd 

S2 - Transfer of the image file into a computer 

- Transfer of the image file (image disk) into a 
microcomputer 
- Storage in the auxiliary storage ( optional) 

S3' - Interactive display with implicit correction of the 
non-linearity of the initial image 

A - Determination of the colour of the points E(i. j) of an 
image sector to be displayed using the points p(pu, pv) of the 
image disk: 

1- determination of the coordinates Ex, Ey, Ez in the 
coordinate system OXYZ of each point E(i, j) of the sector to 
be displayed, 
2- determination of the coordinates Px, Py, Pz of points P of 
the hemisphere corresponding to the points E(i, j), 
3- calculation of the coordinates, in the coordinate system 
O'UV of the image disk, of the points p(pu, pv) corresponding 
to the points P of the hemisphere, by means of the function 
Fd. 

B - Presentation of the image sector in a display window, 
C • Detection of the user's actions on a screen pointer or any 
other control means, 
D - Detection of the user's actions on enlargement keys, 
E • Modification of the image sector displayed (moving 
and/or shrinking/expanding the image sector) 
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METHOD FOR CAPTURING AND 
DISPIAYING A VARIABLE RESOLUTION 

DIGITAL PANORAMIC IMAGE 

2 
central point O' of the system of axes O'X'Y'Z, which defines 
with the center O" of the image sector 12, a direction O'O'' 
called "viewing direction". 

In order to avoid the image sector displayed 12 having 
CROSS-REFERENCE TO RELATED 

APPLICATIONS 

This application is a continuation of International Appli
cation No. PCTiFR02/01588, filed May 10, 2002 the dis
closure of which is incorporated herein by reference. 

5 geometrical distortions unpleasant for the observer, the 
classical panoramic objective lenses must have a distribution 
function of the image points according to the field angle of 
the object points of a panorama that is as linear as possible. 
Therefore, if two points A', B', situated on the same meridian 

BACKGROUND OF THE INVENTION 

The present invention relates to obtaining digital pan
oramic images and displaying panoramic images on com-

10 of the hemisphere 11, and the corresponding points A, B on 
the image disk 10 are considered, the ratio between the 
angles (A'O'Z) and (B'O'Z) must be equal to the ratio 
between the distances OA and OB on the image disk. 

puter screens. 
15 

FIG. 1 represents a classical device allowing a digital 
panoramic image to be produced and presented on a com
puter screen. The device comprises a digital camera 1 
equipped with a panoramic objective lens 2 of the "fish-eye" 
type, having an angular aperture on the order of 180°. The 

20 
camera 1 is connected to a computer 5, such as a micro
computer for example, equipped with a screen 6. The 
connection to the microcomputer 5 may be permanent, 
when, for example, the camera 1 is a digital video camera, 
or temporary, when, for example, the camera 1 is a still 

25 
digital camera equipped with an image memory, the con
nection then being carried out at the time the image files are 
to be transferred into the microcomputer. 

FIG. 2 schematically represents the appearance of a 
panoramic image 3 obtained by means of the panoramic 30 
objective lens 2. The round appearance of the image is 
characteristic of the axial symmetry of panoramic objective 
lenses and the image has dark edges 4 that will subsequently 
be removed. This digital panoramic image is delivered by 
the camera 1 in the form of a computer file containing image 35 
points coded RGBA arranged in a two-dimensional table, 
''R" being the red pixel of an image point, "G" the green 
pixel, "B" the blue pixel, and "A" the Alpha parameter or 
transparency. The parameters R, G, B, A are generally being 
coded on 8 bits. 40 

Due to this property of linearity of a classical panoramic 
objective lens, image points corresponding to object points 
having an identical field angle form concentric circles ClO, 
C20 ... C90 on the image disk 10, as represented in FIG. 
4A Classically, "field angle of an object point" means the 
angle of an incident light ray passing through the object 
point considered and through the center of the panorama 
photographed, relative to the optical axis of the objective 
lens. The field angle of an object point can be between O and 
90° for an objective lens having an aperture of 180°. 
Therefore, the circle ClO is formed by the image points 
corresponding to object points having a field angle of 10°, 
the circle C20 is formed by image points corresponding to 
object points having a field angle of 20°, etc., the circle C90 
being formed by the image points having a field angle of 
90°. 

FIG. 4B represents the shape of the distribution function 
Fdc of a classical panoramic objective lens, which deter
mines the relative distance dr of an image point in relation 
to the center of the image disk according to the field angle 
ax of the corresponding object point. The relative distance dr 
is between O and 1 and i-; equal to the distance of the image 
point in relation to the center of the image divided by the 
radius of the image disk. The ideal form of the function Fdc 
is a straight line of gradient K: 

d~Fdc(a)-Ka 

in which the constant K is equal to 0.111 degree-1 (1/90°). 
This technique of displaying a digital panoramic image 

sector on a computer screen has various advantages, par-

The image file is transferred into the microcomputer 5 
which transforms the initial image into a three-dimensional 
digital image, then presents the user with a sector of the 
three-dimensional image in a display window 7 occupying 
all or part of the screen 6. 45 ticularly the possibility of "exploring" the panoramic image 

by sliding the image sector presented on the screen to the 
left, the right, upwards or downwards, until the limits of the 
panoramic image are reached. This technique also allows 

FIG. 3 schematically shows classical steps of transform
ing the two-dimensional panoramic image into a panoramic 
image offering a realistic perspective effect. After removing 
the black edges of the image, the microcomputer has a set of 
image points forming an image disk 10 of center O and axes so 
OX and OY. The image points of the image disk are 
transferred into a three-dimensional space defined by an 
orthogonal coordinate system of axes O'X'Y'Z, the axis O'Z 
being perpendicular to the plane of the image disk. The 
transfer is performed by a mathematical function imple- 55 

mented by an algorithm executed by the microcomputer, and 
leads to obtaining a set of image points referenced in the 
coordinate system O'X'Y'Z. These image points are for 
example coded in spherical coordinates RGBA(cp,8), cp being 
the latitude and 8 the longitude of an image point. The angles 60 

cp and 8 are coded in 4 to 8 bytes (IEEE standard). These 
image points form a hemisphere 11 when the panoramic 
objective lens used has an aperture of 180°, otherwise a 
portion of a hemisphere. The microcomputer thus has a 
virtual image in the shape of a hemisphere one sector 12 of 65 

which, corresponding to the display window 7, is presented 
on the screen (FIG. l) considering that the observer is on the 

complete rotations of the image to be carried out when two 
complementary digital images have been taken and supplied 
to the microcomputer, the latter thus reconstituting a com-
plete panoramic sphere by assembling two hemispheres. 
Another advantage provided by presenting a panoramic 
image on screen is to enable the observer to make enlarge
ments or zooms on parts of the image. The zooms are 
performed digitally, by shrinking the image sector displayed 
and expanding the distribution of the image points on the 
pixels of the screen. 

Various examples of interactive panoramic images can be 
found on the Web. Reference could be made in particular to 
the central site "http://www.panoguide.com" ("The Guide to 
Panoramas and Panoramic Photography") which gives a 
full overview of all the products available to the public to 
produce these images. Software programs allowing digital 
panoramic photographs to be transformed into interactive 
panoramic images are offered to the public in the form of 
downloadable programs or CD-ROMs available in stores. 
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a panoramic objective lens that is not linear, which expands 
certain zones of the image and compresses other zones of the 
image. The technical effect obtained is that the expanded 
zones of the image cover a number of pixels of the image 

Despite the various advantages that this technique for 
displaying digital images offers, the digital enlargements 
have the disadvantage of being limited by the resolution of 
the image sensor used when taking the initial image and the 
resolution of an image sensor is generally much lower than 
that of a classical photograph. Therefore, when the enlarge
ment increases, the granulosity of the image appears as the 
limits of the resolution of the image sensor are being 
reached. 

5 sensor that is higher than if they were not expanded, and thus 
benefit from a better definition. By choosing an objective 
lens that expands the most useful zones of an image (which 
depend on the intended application), the definition is excel-
lent in these zones and the definition is mediocre in the zones 
of lesser importance. 

Thus, the present invention proposes a method for cap
turing a digital panoramic image, by projecting a panorama 
onto an image sensor by means of a panoramic objective 
lens, in which the panoramic objective lens has an image 
point distribution function that is not linear relative to the 
field angle of object points of the panorama, the distribution 
function having a maximum divergence of at least :t10% 
compared to a linear distribution function, such that the 
panoramic image obtained has at least one substantially 

To overcome this disadvantage, it is well known to 
10 

proceed with pixel interpolations so as to delay the appari
tion of the blocks of color which betray the limits of the 
resolution of the sensor. However, this method only 
improves the appearance of the enlarged image sector and 
does not in any way increase the definition. Another obvious 
solution is to provide an image sensor with a high resolution, 15 

higher than the resolution required to present an image 
sector without enlargement, so that there is a remaining 
margin of definition for zooms. However, this solution is 
expensive as the cost price of an image sensor rapidly rises 
with the number of pixels per unit of area. 

Some attempts have been made to improve the quality of 
the enlargements, by changing the optical properties of the 
panoramic objective lenses themselves. Tons, U.S. Pat. No. 
5,710,661 teaches capturing a panoramic image with two 
overlocking objective lenses using a set of mirrors. A first set 25 
of mirrors provides an overall view, and a mobile central 
mirror provides a detailed view on a determined zone of the 
panorama. However, this solution does not offer the same 
flexibility as digital zooms, particularly when the image is 
not displayed in real time, as the observer no longer has the 30 

possibility of choosing the image portion that he wants to 
enlarge once the photograph has been taken. 

20 expanded zone and at least one substantially compressed 

BRIEF SUMMARY OF THE INVENTION 

zone. 

According to one embodiment, the objective lens has a 
non-linear distribution function that is symmetrical relative 
to the optical a)..is of the objective lens, the position of an 
image point relative to the center of the image varying 
according to the field angle of the corresponding object 
point. 

According to one embodiment, the objective lens expands 
the center of the image and compresses the edges of the 
image. 

According to one embodiment, the objective lens expands 
the edges of the image and compresses the center of the 
image. 

According to one embodiment, the objective lens com
presses the center of the image and the edges of the image, 
and expands an intermediate zone of the image located 
between the center and the edges of the image. 

Therefore, the present invention comprises a method 35 
allowing the physical limits of image sensors to be circum
vented and the definition offered by digital enlargements 
concerning certain parts of a digital panoramic image to be 
improved, without the need to increase the number of pixels 
per unit of area of an image sensor or to provide an 
overlooking optical enlargement system in a panoramic 
objective lens. 

According to one embodiment, the objective lens com-
40 prises a set of lenses forming an apodizer. 

The present invention is based on the observation that, in 
several applications, only certain zones of a panoramic 
image are of a practical interest and are likely to be 45 
expanded by the observer by means of a digital zoom. Thus, 
in applications such as video surveillance, 
videoconferencing, visio-conferencing, a panoramic camera 
can be installed against a wall or on the ceiling and there is 
generally no reason to make enlargements on the zones of 50 
the panoramic image corresponding to the wall or the 
ceiling. Similarly, as part of a videoconference performed by 
means of a panoramic camera, the most interesting zone is 
generally situated at a specific place situated towards the 
center of the image (in the case of individual use) or on the 55 
edges of the image (in the case of collective use or visio
conferencing). Furthermore, when used for recreation and 
leisure, most panoramic images comprise parts that are less 
interesting than others, such as the parts representing the sky 
or a ceiling for example, the most useful part generally being 60 
in the vicinity of the center of the image. 

According to one embodiment, the set of lenses forming 
an apodizer comprises at least one aspherical lens. 

According to one embodiment, the set of lenses forming 
an apodizer comprises at least one diffractive lens. 

According to one embodiment, the objective lens com
prises a set of mirrors comprising at least one distorting 
muror. 

The present invention also relates to a method for dis
playing an initial panoramic image obtained in accordance 
with the method described above, comprising a step of 
correcting the non-linearity of the initial image, performed 
by means of a reciprocal function of the non-linear distri
bution function of the objective lens or by means of the 
non-linear distribution function. 

According to one embodiment, the step of correcting 
comprises a step of transforming the initial image into a 
corrected digital image comprising a number of image 
points higher than the number of pixels that the image sensor 
comprises. 

According to one embodiment, the method comprises a 
step of calculating the size of the corrected image, by means 
of the reciprocal function of the distribution function, so that 
the resolution of the corrected image is equivalent to the 

Therefore, the present invention is based on the premise 
that a panoramic image has some zones that are not very 
useful and that can tolerate a reasonable definition to the 
benefit of other zones of the image. 

On the basis of this premise, the idea of the present 
invention is to produce panoramic photographs by means of 

65 most expanded zone of the initial image, and a step of 
scanning each image point of the corrected image, searching 
for the position of a twin point of the image point on the 
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initial image and allocating the color of the twin point to the 
image point of the corrected image. 

According to one embodiment, the initial image and the 
corrected image comprise an image disk. 

According to one embodiment, the method comprises a 5 

step of transferring the image points of the corrected image 
into a three-dimensional space and a step of presenting one 
sector of the three-dimensional image obtained on a display 
means. 

6 
BRIEF DESCRIPTION OF THE SEVERAL 

VIEWS OF THE DRAWINGS 

The foregoing summary, as well as the following detailed 
description of preferred embodiments of the invention, will 
be better understood when read in conjunction with the 
appended drawings. For the purpose of illustrating the 
invention, there are shown in the drawings embodiments 
which are presently preferred. It should be understood, 

10 
however, that the invention is not limited to the precise 
arrangements and instrumentalities shown. 

According to one embodiment, the method comprises a 
step of determining the color of image points of a display 
window, by projecting the image points of the display 
window onto the initial image by means of the non-linear 
distribution function, and allocating to each image point of 
the display window the color of an image point that is the 15 

closest on the initial image. 
According to one embodiment, the projection of the 

image points of the display window onto the initial image 
comprises a step of projecting the image points of the 
display window onto a sphere or a sphere portion, a step of 20 

determining the angle in relation to the center of the sphere 
or the sphere portion of each projected image point, and a 
step of projecting onto the initial image each image point 
projected onto the sphere or the sphere portion, the projec
tion being performed by means of the non-linear distribution 25 

function considering the field angle that each point to be 
projected has in relation to the center of the sphere or the 
sphere portion. 

In the drawings: 

FIG. l described above represents a system for displaying 
a digital panoramic image on a screen; 

FIG. 2 described above represents a panoramic image 
before it is processed by a computer; 

FIG. 3 described above shows a classical method for 
transforming a two-dimensional panoramic image into a 
three-dimensional digital panoramic image; 

FIGS. 4A and 4B described above show the linearity of a 
classical panoramic objective lens; 

FIGS. 5 and 6 show one aspect of the method according 
to the present invention and respectively represent a distri
bution of image points obtained with a classical panoramic 
objective lens and a distribution of image points obtained 
with a non-linear panoramic objective lens according to the 
present invention; 

FIGS. 7 A and 7B show a first example of non-linearity of 
30 a panoramic objective lens according to the present inven-

The present invention also relates to a panoramic objec
tive lens comprising optical means for projecting a pan
orama into an image plane of the objective lens, the pan
oramic objective lens having an image point distribution 
function that is not linear relative to the field angle of object 
points of the panorama, the distribution function having a 
maximum divergence of at least :t10% compared to a linear 35 

distribution function, such that a panoramic image obtained 
by means of the objective lens comprises at least one 
substantially expanded zone and at least one substantially 
compressed zone. 

tion; 

FIG. 8 shows a second example of non-linearity of a 
panoramic objective lens according to the present invention; 

FIG. 9 shows a third example of non-linearity of a 
panoramic objective lens according to the present invention; 

According to one embodiment, the panoramic objective 40 

lens has a non-linear distribution function that is symmetri-

FIG. 10 represents a system for displaying a digital 
panoramic image by means of which a method for correcting 
the panoramic image according to the present invention is 
implemented; 

FIG. 11 schematically shows a first embodiment of the 
correction method according to the present invention; cal relative to the optical axis of the objective lens, the 

position of an image point relative to the center of an image 
obtained varying according to the field angle of the corre
sponding object point. 

According to one embodiment, the panoramic objective 
lens expands the center of an image and compresses the 
edges of the image. 

According to one embodiment, the panoramic objective 
lens expands the edges of an image and compresses the 
center of the image. 

FIG. 12 is a flow chart describing a method for displaying 
a panoramic image incorporating the first correction method 

45 according to the present invention; 

FIG. 13 schematically shows a second embodiment of the 
correction method according to the present invention; 

FIG. 14 is a flow chart describing a method for displaying 
a panoramic image incorporating the second correction 

50 method according to the present invention; 

According to one embodiment, the panoramic objective 
lens compresses the center of an image and the edges of the 
image, and expands an intermediate zone of the image 

55 
located between the center and the edges of the image. 

FIG. 15 is a cross-section of a first embodiment of a 
non-linear panoramic objective lens according to the present 
invention; 

FIG. 16 is an exploded cross-section of a system of lenses 
present in the panoramic objective lens in FIG. 15; 

According to one embodiment, the panoramic objective 
lens comprises a set of lenses forming an apodizer. 

According to one embodiment, the set of lenses forming 
an apodizer comprises at least one aspherical lens. 

According to one embodiment, the set of lenses forming 
an apodizer comprises at least one diffractive lens. 

According to one embodiment, the panoramic objective 
lens comprises polymethacrylate lenses. 

FIG. 17 is a side view of a lens present in the panoramic 
objective lens in FIG. 15; and 

FIG. 18 is the diagram of a second embodiment of a 
60 non-linear panoramic objective lens according to the present 

invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

According to one embodiment, the panoramic objective 65 A-Compression/Expansion of an Initial Image 
lens comprises a set of mirrors comprising at least one FIG. 5 schematically represents a classical system for taking 
distorting mirror. panoramic shots, comprising a panoramic objective lens 15 
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of optical axis OZ and a digital image sensor 17 arranged in 
the image plane of the objective lens 15. Here, four object 
points a, b, c, d \\'.ill be considered that belong to a panorama 
PM located opposite the objective lens and respectively 
having angles of incidence o.1, a2, -a2, -al. As explained 5 

in the preamble, the field angle of an object point is the angle 
that an incident light ray passing through the object point 
considered and through the center of the panorama PM, 
marked by a point "p" on FIG. 5, has relative to the optical 
axis OZ of the objective lens. In this example, the angle al 10 

is equal to two times the angle al. On the image sensor 17, 
image points a', b', c', d' corresponding to the object points 
a, b, c, dare located at distances from the center of the image 
respectively equal to dl, d2, -d2, -dl. As the distribution of 
the image points according to the field angle of the object 15 
points is linear with a classical panoramic objective lens, the 
distances dl and d2 are linked by the following relation: 

d1/a1=d2/a2 

8 
and compressing another part of the image, the part to be 
expanded and the part to be compressed can be chosen 
according to the intended application, by producing several 
types of non-linear objective lenses and by choosing an 
objective lens suited to the intended application. Depending 
on the intended application, the most useful part of a 
panoramic image may be located in the center of the image, 
on the edge of the image, in an intermediate zone situated 
between the center and the edge of the image, etc. 

FIGS. 7A-7B, 8 and 9 show three examples of non-linear 
distribution functions according to the present invention. 

The distribution function shown in FIGS. 7A and 7B 
corresponds to the example in FIG. 6, that is a panoramic 
objective lens that expands the image in the center. FIG. 7A 
represents equidistant concentric circles ClO, C20, ... , C90 
present on an image disk, each circle being formed by image 
points corresponding to object points having the same field 
angle. The circle ClO is formed by the image points corre
sponding to object points having a field angle of 10°, the 

As the angle al is here equal to 2a2, it follows that: 

d1=2d2 

20 circle C20 is formed by image points corresponding to 
object points having a field angle of 20°, etc. By comparing 
FIG. 7 A with FIG. 4A described in the preamble, it appears 
that the circles ClO and C20 are further from the center of 
the image and further from each other than the circles ClO As is well known by those skilled in the art, the term 

"linearity" here refers to a ratio of proportionality between 
the distance of an image point measured relative to the 
center of the image and the field angle of the corresponding 
object point. The notion of "linearity" in the field of pan
oramic objective lenses is therefore different from that 
prevailing in the field of paraxial optics (in the vicinity of the 
optical axis) when the conditions of Gauss are met. 

25 and C20 obtained with a classical objective lens, while the 
circles C30 to C90 are closer to each other. This panoramic 
image thus has an expanded zone in the center and a 
compressed zone on the edge of the image disk. 

FIG. 4B represents the curve of the corresponding distri-

FIG. 6 represents a system for taking shots of the same 
type as above, but in which the classical panoramic objective 
lens 15 is replaced by an objective lens 18 according to the 
present invention, the image sensor 17 being arranged in the 
image plane of the objective lens 15. The projection onto the 
image sensor 17 of the object points a, b, c, d having angles 

30 bution function Fdl. The classical linear distribution 
function, expressed by Fdc=Ka and in the form of a straight 
line of gradient K, is also represented as a guide mark (the 
constant K being equal to 1190 for an objective lens having an 
aperture of 180°, i.e., a gradient of 0.111 per degree). The 

35 field angle a of the object points is represented on the X-axis 
and is between O and 90°. The relative distance dr of an 

of incidence al, a2, -a.2 and -al relative to the axis OZ of 
the objective lens and to the center "p" of the panorama are 
considered again. On the image sensor 17, the corresponding 40 

image points a", b", c", d" are located at distances from the 
center of the image respectively equal to dl', d2', -d2', -dl'. 

According to the present invention, the objective lens 18 
has a distribution function of the image points that is not 
linear. The ratio of the distances dl', d2', -d2', -dl' are not 45 

equal to the ratio of the angles of incidence al, a2, -a2, 
-al. In the example represented, the distance d2' is clearly 
greater than dl '/2, such that the central part of the panoramic 
image projected onto the image sensor 17, which corre
sponds to a solid angle 2a2 centered on the optical axis OZ, so 
occupies a greater area on the image sensor 17 than the area 
it occupies in FIG. 5 with the classical panoramic objective 
lens (hatched zone). This central part of the panoramic 
image is therefore projected onto the image sensor with 
expansion of its area, in relation to the area the central part 55 

would occupy if the objective lens were linear. The result is 
that the number of pixels of the image sensor covered by this 
part of the image is greater than in previous practices and 
that the definition obtained is improved. On the other hand, 
the part of the image delimited by two circles respectively 60 

passing through the points a", d" and through the points b", 
c" is compressed relative to the corresponding part in FIG. 

image point in relation to the center of the image disk is 
represented on the Y-axis and is between O and 1. The curve 
of the function Fdl has a higher gradient than the straight 
line Fdc for angles a of between O and 20°, then a lesser 
gradient after 20° and up to 90°. A high gradient means an 
expansion of the image and a low gradient means a com
pression of the image. 

As demonstrated in this example, the curve Fdl has a 
point of maximum divergence Pd at the angle a=20°. "Point 
of maximum divergence" refers to the image point Pd( a) at 
which the greatest gap in relative distance dr in relation to 
a corresponding point Pdl( a) on the linear distribution 
straight line Ka can be observed. In this example, the point 
Pd( a=20°) has a relative distance dr equal to 0.5 relative to 
the center of the image while the corresponding point 
Pdl( a.=20°) on the linear curve Fdc has a relative distance dr 
of 0.222. The maximum divergence DIVmax of the distri
bution function Fdl according to the present invention can 
be calculated by a formula of the type: 

D/Vmax %=[[dr(Pa)-dr(Pdl)}'[dr(Pd1 )]]"100 

i.e.: 

D/Vmax %=[[dr(Pa)-K*a(Prl)]![K*a(Pd)]]*100 

In which dr(Pd) is the relative distance in relation to the 
center of the point of maximum divergence Pd, dr(Pdl) is the 
relative distance in relation to the center of the correspond-

5, and the definition on the edges of the image is less than 
that obtained \\'.ith a classical linear objective lens, to the 
benefit of the central part of the image. 

By applying the principle according to the present 
invention, which involves expanding one part of the image 

65 ing point on the linear distribution straight line Fdc, a(Pd) 
being the abscissa of the point Pd, i.e., the field angle of the 
corresponding object point. 
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In the example considered here, the maximum divergence 
is therefore equal to + 125%. This value of maximum diver
gence according to the present invention is clearly higher 
than that due to the possible design errors or manufacturing 
errors of a classical panoramic objective lens, which is of a 
few percent. Generally speaking, a non-linear objective lens 
according to the present invention has a maximum diver
gence on the order of 10% at least, to obtain an expansion 
of the useful parts of the image which results in a clear 
increase in the number of pixels of the image sensor covered 
by the useful parts and a substantial improvement in the 
definition obtained. 

An average rate TX of expansion or compression of one 
part of the image contained between two circles passing 
through points Pdl and Pd2 is also defined. The rate TX is 
the ratio between the area delimited by the two circles 
passing through the points Pdl, Pd2 and the area delimited 
by two circles passing through points Pdll, Pdl2 of the same 
abscissa belonging to the linear distribution function Fdc. 
The rate TX can be determined by a formula of the type: 

LY=[dr(Pdl)2-d1{Pd2)2]/[(dr(Pd1))2-(dr(Pd2))2
] 

i.e.: 

LY=[ dr(Pdl )2-dr(Pd2)2]/[K2
[ ( a(Pdl))°-( a(Pd2))2]] 

A rate TX higher than 1 indicates an expansion of the part 
of image considered while a rate TX lower than 1 indicates 
a compression of the part of image considered. In the 
example of function Fdl considered here, the average rate of 
expansion/compression TX of the central part of the image, 
delimited by the circle C20, is equal to 5.07, i.e., an average 
expansion by a factor 5 of the central part of the image and 
consequently a 500% improvement of the definition 
obtained for a constant number of pixels of the image sensor. 

FIG. 8 represents another example of distribution function 
Fd2 according to the present invention, here having a point 
of maximum divergence Pd at the angle a= 70°, and having 
a relative distance in relation to the center of the image of 
0.3. The maximum divergence of the curve Fd2 is -61.4% 
here, and the average rate of expansion/compression TX of 
the central part of the image delimited by the circle C70 ( not 
represented) is 0.5, i.e., an average compression by a factor 
of 0.15 of the central part of the image. The expanded part 
of the image here is thus located here on the edge of the 
image, between the circle C70 and the circle C90, and has 
an average rate of expansion/compression of 2.3. Thus, an 
image disk obtained with a panoramic objective lens having 
a distribution function conforming to the function Fd2, has 
a high definition zone on its edges, that lend themselves well 
to digital enlargements, and a low definition zone in its 
central part. 

FIG. 9 represents a third example of distribution function 
Fd3 according to the present invention, having a first point 
of maximum divergence Pdl (a=30°, dr=0,1) and a second 
point of maximum divergence Pd2 (a=70°, dr=0,9). Thus, 
two maximum divergences can be seen, one negative and 
equal to-70%, and the other positive and equal to 15.8%. A 
compressed image zone can also be seen between the center 

10 
panoramic objective lens having a distribution function 
conforming to the function Fd3, has a high definition zone 
in its intermediate part, which lends itself well to digital 
enlargements, and two low definition zones in its central part 

5 and on its edges. 
B-Correction of the Non-linearity of the Initial Image 

A first aspect of the present invention was described 
above, according to which a non-linear distribution of image 
points onto a digital image was provided to improve the 

10 definition of the image in expanded zones, by increasing the 
number of pixels of the image sensor covered by the 
expanded zones. Before describing examples of embodi
ments of non-linear panoramic objective lenses according to 
the present invention, a second aspect of the present inven-

15 tion will be described which involves correcting the non
linearity of the image disk obtained in order to present the 
observer with an image free from optical distortion. 

This second aspect of the present invention is imple
mented at the stage of the processing of the initial image by 

20 computer, to present an interactive panoramic image on a 
screen. The means for implementing the method of the 
present invention are shown in FIG. 10 and are classical in 
themselves. A digital camera 20 can be equipped with a 
non-linear panoramic objective lens 21 and connected to a 

25 microcomputer 22 comprising a screen 23. The digital 
images IMi taken by means of the camera 20 are transferred 
to the microcomputer to be processed and displayed on the 
screen 23, in a display window 24. A processing program 
comprising an algorithm for transforming and displaying the 

30 images is first loaded into the microcomputer, by means of 
a CD-ROM 25 or by downloading via the Internet for 
example. The camera 20 can be a still digital camera or a 
digital video camera and the connection to the microcom
puter can be permanent or otherwise. In the case of a video 

35 camera, the microcomputer receives a flow of images that it 
processes in real time to display them on the screen. 

In this context, the correction method according to the 
present invention can be performed according to two 
embodiments. A first embodiment involves correcting the 

40 initial image by means of a function Fd-1 that is the 
reciprocal function of the distribution function Fd according 
to the present invention. As the distribution function Fd is 
known and determined at the time the non-linear objective 
lens is designed, it is easy to deduce the reciprocal function 

45 Fd-1 therefrom. This correction step allows a corrected 
image to be obtained in which the non-linearity due to the 
objective lens according to the present invention is removed. 
The corrected image is equivalent to an image taken by 
means of a classical panoramic objective lens and can then 

so be processed by any classical display software program 
available in stores, provided for transferring the image 
points of an image disk into a three-dimensional space and 
for interactively displaying a sector of the image obtained. 

The second alternative of the method involves using the 
55 distribution function Fd in an image display algorithm 

working backwards, that is defining in real time the color of 
the pixels of a display window using the image points of the 
image disk. 

0 of the image and the circle C30 passing through the point 60 

Pdl, an expanded image zone between the circle C30 and 
the circle C70 passing through the point Pd2, and a com
pressed image zone between the circle C70 and the circle 
C90 forming the edge of the image disk. The average rates 

First Embodiment of the Correction Method 

FIG.11 shows the first embodiment of the method accord
ing to the present invention. Here it is assumed that there is 
an initial image Imgl comprising a non-linear image disk 
ID1 of radius Rl, having for example an expansion zone in 
the center ( circles ClO and C20). The initial image Imgl is 
transformed into a corrected image Img2 comprising a linear 
image disk ID2 of radius R2. The radius R2 of the image 

of expansion/compression TX(O, C30), TX(C30, C70), 65 

TX(C70, C90) for each of these zones are respectively equal 
to 0.09, 1.6 and 0.48. An image disk obtained with a 
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disk ID2 is higher than the radius Rl of the initial image disk 
ID1 and the image disk ID2 has a resolution equal or 
substantially equal to the resolution offered by the zone of 
the image disk Imgl in which the greatest density of 
information (i.e. the zone in which the image is the most 5 

expanded) is to be found. Here, the zone with the greatest 
density of information is the central part of the image 
delimited by the circle C20. 

The main steps of this method are the following: 
10 

initially, the size R2 of the linearized image disk ID2 is 
calculated by means of the reciprocal function Fd-1

, 

considering on the initial image disk ID1 the place in 
which the image is the most expanded, so that the 
corrected image Img2 has a resolution equal or sub- 15 
stantially equal to the resolution offered by the zone of 
the image Imgl in which the greatest density of infor
mation is to be found, 

then each pixel of the image to be calculated Img2 is 
scanned, and the position of its twin point on the image 20 

Imgl is searched for, and then 

the color of the corresponding point on the initial image 
Imgl is allocated to the point of the new image Img2. 

This method is implemented by means of an algorithm 
described below (algorithm 1), in which: 25 

A is the angular aperture of the objective lens, 

D is the distance of an image point relative to the center 
of the initial image disk ID1, 

Rl is the size in pixels of the radius of the initial image 30 
disk ID1 (i.e. the number of pixels between the center 
and the edge of the image disk), 

R2 is the size in pixels of the radius of the linearized 
image disk ID2, 

12 

-continued 

Algorithm 1 

[ calculating the new image] 
[ scanning each pLxel of the image to be calculated Img:2] 
11/ For [ =-R2 to +R2 [with an increment of 1] 
12/ For J =-R2 to +R2 [with an increment of 1] 
[ searching for polar mordinates (R',6) of the twin point 
on the image Imgl using the coordinates 
(R,6) of the point of the image Img2] 
13/ R = v(I2+f') 
14/ If R < R2 then 
15/ If J < 0 then 
16/ 0 = arc cosine(I/R) 
17/ If not 
18/ e = -arc cosine(I/R) 
19/ End if 
[ conversion of the radius R to find the radius R'] 

20/ R'= Rl *Fd(Fdlin-1 (R/R2)) 
as Fdlin-1 (R) = R/K and K=2/A, it follows that: 
20' /R'=Rl *Fd((R/R2) * (A/2)) 
[ retc1rn to the Cartesian coordinates] 
21/ U = R'*cos(6) 
22/ V = R'*sin(8) 
[allocation of the color of the point] 
23/ Img2[I,J] = Imgl[U,V] 
24/ If not 
[allocation of the color black to the points outside the image disk] 
25/ Img2[I,J] = Black 
26/ End if 
27/ End for 
28/ End fer 

Note that the step 14 avoids calculating all the points 
situated outside the image disk (the points are outside the 
image disk when R>R2). Moreover, the algorithm 1 can be 
improved by subsequently performing a bilinear interpola
tion on the image Img2, in itself well known by those skilled 

I and J are the coordinates of an image point in the image 
produced, the coordinate point (0,0) being in the center 
of the image, 

35 in the art, so as to smooth out the final image. 

U and V are the coordinates of a twin point in the original 
image, the coordinate point (0,0) being in the center of 
the image, 

"Current_angle" and "Previous_angle" are iterative 
parameters, 

DAM is the minimum angular difference between two 
object points corresponding to two adjacent image 
points on the initial image disk ID1 (i.e., the maximum 
resolution of the image disk ID1 expressed in angular 
difference), and 

Fdlin-1 is the reciprocal function of a distribution function 
of a classical linear objective lens, of the type: Fdlin 
(a)=Ka, with K=2/A, i.e. K=119o with an objective lens 
having an angular aperture of 180°. 

[ finding DAM] 
1i DAM=A/2 
2i Current_angle = 0 

Algcrithm 1 

31 For D = 1 to Rl [ with increments of 1] 
41 Previous_angle = Cwrent_angle 
51 Current_angle = Fd-1(DIR1) 
61 If DAM> (Currem_angle - Previous_angle) then 
7i DAM= (Current_angle - Previous_angle) 
8i End if 
91 End for 
[ determining the radius R2 of the disk ID2] 
101 R2 = (A/2)/DAM 

FIG. 12 is a flow chart giving a general overview of the 
steps of a method for capturing and interactively presenting 
a panoramic image on a screen. This flow chart is described 
in table 1 in the Appendix, that is an integral part of the 

40 description. The steps Sl and S2, respectively the acquisi
tion of the image and the transfer of the image into a 
computer, are classical in themselves. The step of linearising 
the image disk S3 is performed in accordance with the 
method of the present invention, by means of the algorithm 

45 described above for example. The step S4, called 
''digitization", is also classical. This step involves transfer
ring the image points of the corrected image disk Img2 into 
a three-dimensional space of axes Oxyz in which the image 
points are for example referenced in spherical coordinates. 

50 The step S5 is also classical, and involves displaying a sector 
of the three-dimensional image called display window on a 
screen. The display window is moved upwards or down
wards depending on the user's actions, or is enlarged at the 
user's request. When enlarged, the definition is better than in 

55 previous practices in the zones corresponding to the 
expanded parts of the initial image. 

Second Embodiment of the Correction Method 

The second embodiment of the correction method accord-
60 ing to the present invention is shown in FIG. 13. 

Schematically, this method involves projecting the image 
points of an image sector corresponding to a display window 
DW onto the image disk ID1 of the initial image Imgl. This 
method does not require calculating a corrected image disk, 

65 contrary to the previous embodiment. 
The image points of the display window DW are refer

enced E(i,j) in the coordinate system of the display window, 
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expressed in line coordinates i and in column coordinates j. 
The points E(i,j) are first projected onto a sphere portion HS 
of center O and of axes OX, OY, OZ, to obtain image points 
P(px, py, pz) belonging to the sphere portion. This sphere 
portion covers a solid angle that corresponds to the aperture 5 
of the objective lens used. The example considered until 
now was of a panoramic objective lens having an aperture of 
180° and the sphere portion HS considered here is therefore 
a hemisphere. The image points P thus determined are then 
projected onto the image disk Imgl by means of the non-

10 
linear distribution function Fd according to the present 
invention, which first requires calculating the field angle a 

14 
a is the angle in relation to the center O of an image point 

"P situated on the hemisphere (represents the field 
angle at the moment the shot of the corresponding 
object point is taken), 

auxl, aux2are intermediate variables, 
''Zoom" is a variable defining the enlargement, having a 

default value equal to R, and 
··y" is the square root function. 

Algorithm 2 

1/ Fox i=-Imax/2 to i=Imax!2 do [by increments of 1) 
2/ For j=-Jmax/2 to j=Jmax/2 do [by increments of 1] 

of the points Pin relation to the center O of the hemisphere. 
The center O of the hemisphere is the virtual equivalent of 
the center "p" of the panorama, having been used as the 
reference, in the description above, to determine the angles 
of incidence a of the object points and the shape of the 
function Fd. The projection of the image points P onto the 
image disk ID1 allows image points p(pu, pv) to be obtained 
on the image disk, in a coordinate system of center O' 
(corresponding to the center of the image disk) and of axes 
O'C and O'V. The axis OZ in the system of the hemisphere 
HS is perpendicular to the plane of the image disk ID1 and 
passes through the center 0' of the image disk, such that the 
axes O'Z and OZ are merged. 

15 [ calculation of the Cartesian coordinates Ex, Ey, Ez 

As it ,vill be clear to those skilled in the art, the correction 
of the non-linearity of the image disk is implicit here since 
the image points p(pu, pv) corresponding to the image points 
E(i, j) of the display window DW are ''retrieved" from the 
image disk ID1, by means of the function Fd. 

The method according to the present invention is imple
mented by means of an algorithm described below 
( algorithm 2), in which: 

i and j are the coordinates of a point E(i, j) of the display 
window, 

Imax and Jmax are the number of columns and the 
number of lines of the display window, corresponding 
to the dimensions in number of pixels of the display 
window, 

Ex, Ey and Ez are the Cartesian coordinates of a point 
E(i,j) of the display window DW in the coordinate 
system OXYZ, 

Px, Py and Pz are the Cartesian coordinates of a point P 
on the hemisphere HS, 

pu and pv are the Cartesian coordinates of an image point 
p of the image disk in the coordinate system O'UV, 

L is the size of the image disk, in number of pixels, 
M is the center of the display window DW, 
the "viewing direction" is the direction materialised by 

the point O and the center of the display window M, the 
display window forming the base of a pyramid of 
vision of the observer the top of which is the point 0 
(observer's position), 

of the point E of the display window in the system OXYZ] 
3/ Ey = j*cDs((j)O) - Zoom*sin((j)O) 
4/ Ez = Z0om*cos(<j,0) + j*sin(<j,O) 
5/ auxl = Ez 
6/ Ez = Ez"cos(80) - i*sin(8J) 

20 
7/ Ex= i*cos(80) + aml *sin(80) 
[ calculation of the coordinates of the point P corresponding to the point E] 
8/ aux2 = R/v'(Ex*Ex + Ey"Ey + Ez"Ez) 
9/ Px = Ex" aux2 
10/ Py= Ey*aux2 
11j Pz = Ez*au.x2 
[ calculation of the coordinates of the point p corresponding 

25 to the poi:1t P, in the coordinate system 
(O'UV), by means of the function Fd] 
12/ X = Px/R 
13/ Y = Py/R 
14/ r = v(X*X + Y*Y) 
151 a = arcsine(r) 

30 16/ U = X/r 
17/ 
18/ 
19/ 
20! 
21/ 

35 22/ 

V=Y/r 
pu = L*U*Fd(a) 
pv = L *V*Fd( ci) 
Screen_Pixel[i,j] = Image_Pixel[pu,pv] 

end for 
end for 

A request for enlargement (zoom) by the user results in 
the algorithm modifying the "Zoom" parameter. When the 
"Zoom" parameter is equal to the radius R of the 

40 hemisphere, the display window DW is tangential to the 
hemisphere (FIG. 13). When the parameter "Zoom" is 
higher than R, the window DW moves away from the 
hemisphere ( along the axis given by the viewing position 
OM), which corresponds to a shrinking of the pyramid of 

45 vision and an enlargement of the image sector presented in 
the window DW. The enlargement of the image sector 
presented to the observer is therefore equal to the ratio of the 
"Zoom" parameter by the radius R. 

When the steps 18 and 19 have been performed with a 
"Zoom" parameter higher than R, a gain in definition is 

50 obtained in the zones in which the image has been expanded 
at the time the shot is taken as there are still. While the 

80 and (j)O are the longitudes and latitudes corresponding 55 
to the viewing direction from the point O towards the 
center M of the display window, 

resolution limit is not reached, two adjacent pixels on the 
image disk which correspond to two adjacent pixels of the 
display window. In the compressed zones of the image, the 
search for the closest pixel by means of the relations 
L*U*Fd(a) and L *V*Fd(a) results, on the other hand, in the 
algorithm finding the same image pixel for several adjacent 
pixels of the display window on the image disk. However, 
these compressed image zones, benefiting from a lesser 
definition on the image disk, are considered secondary for 
the intended application, in accordance with the premise on 
which the present invention is based. 

Screen_Pixel(i,j] is the color (RGBA) of a point E (i,j) of 
the display window DW, 

Image_Pixel[i,j] is the color of the point P(i,j) of the 60 

hemisphere HS corresponding to the image disk, the 
coordinate point (0,0) being situated in the center of the 
image disk, 

R is the radius of the hemisphere HS (arbitrary value 
chosen so as to improve the accuracy of the 65 

calculations, R is for example chosen to be equal to 
10,000), 

Generally speaking, any other projection method can be 
used, the essential step according to the present invention 
being that of finding the field angle a of the object points on 
the hemisphere, in relation to the center of the hemisphere, 
so as to use the distribution function Fd in the calculations. 
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It will be understood that the algorithm 2 is applicable 
when there are two complementary image disks, one corre
sponding to a front photograph and the other to a rear 
photograph of a panorama at 360°, the second photograph 
being taken by rotating the panoramic objective lens by 180° 5 

around an axis passing through the center of the panorama. 
In this case, two hemispheres and two image points called 
''Front_Image_Pixel" and "Rear_lmage_Pixel" are 
defined: 

16 
Here, the idea of the present invention is to use an 

apodizer for a different purpose: the principle of the apodizer 
is used to control the angular distribution of a panoramic 
objective lens and to obtain the non-linearity sought. 

FIG. 15 represents, by a cross-section, an example of an 
embodiment of a non-linear objective lens 30 according to 
the present invention. The distribution function Fd obtained 
by means of the objective lens 30 is the function Fdl 
described above in relation with FIG. 7B, the objective lens 

Front_lmage_Pixel[i,j]: color of a point E(i,j) on the 
hemisphere corresponding to the front photo, the coor
dinate point (0,0), being situated in the center of the 
image disk, 

10 
30 thus expanding the image in the center. 

Rear_Image_Pixel[i,j]: color of a point E(i,j) on the 
hemisphere corresponding to the rear photo, the coor
dinate point (0,0) being situated in the center of the 
image disk. 

The objective lens 30 comprises a system of lenses that is 
also represented in FIG.16 by an exploded view. A divergent 
optical group formed by lenses Ll, L2, Ll, and a convergent 
optical group formed by lenses L4, L5, L6, L7 can be 
distinguished. A diaphragm Dl is arranged between the 

15 lenses L6 and L7. 

The steps 18 and following of the algorithm 2 are there
fore modified as follows: 

Parts Bl to B4 and parts I3 to 16 are provided to hold the 
lenses. The part Bl forms the body of the objective lens and 
comprises a cylindrical cavity in which the lenses L2 to L6 
are arranged. The part B2 is screwed onto the body Bl and 

18/ pu = L"U'Fd(a) 
19/ pv = L*V"Fd(a) 

If Pz >= 0 ,hen 20/ 
21/ Screen_Pixel[ i,j] = Front_lmage_Pixel[pu,pv] 

20 allows the front lens Ll to be fastened against the front of 
the part Bl, the back of the lens Ll being in contact with the 
front of the lens L2. The parts B3 and B4 are fastened with 
screws (not represented) against the rear part of the body Bl. 
The part B3 holds the diaphragm Dl and comprises a cavity 

22/ 
23/ 
24/ 
25/ 

If not Screen_Pixel[i,j] = Rear_Image_Pixel[L-pu,pv] 
End if 
end for 
end for 

25 for receiving the back lens L7. The part B4 presses the lens 
L 7 into the part B3 and comprises a rear sleeve Fl equipped 
with a thread allowing an image sensor to be fastened, such 
as a CCD sensor for example. The parts I3 to I6 are dividers 
allowing the distances between the lenses L2 to L6 inside the 

FIG. 14 is a flow chart giving a general overview of the 
steps of a method for capturing and interactively presenting 
a panoramic image on a screen. This flow chart is described 

30 body Bl to be adjusted with precision. 

in table 2 in the Appendix, that is an integral part of the 
description. The acquisition Sl and transfer S2 steps 
described above are again included. The step S2 is followed 35 

by an interactive display step S3' performed in accordance 
with the method that has just been described, implicitly 
incorporating a correction of the non-linearity of the image 
disk through the use of the distribution function Fd to find 
the points corresponding to the pixels of the display window 40 

on the image disk. 

The divergent optical group Ll, L2, L3 defines the field 
angle of the objective lens 30, here of 180°. The front lens 
Ll is a divergent meniscus in PMMA with an aspherical 
front and a concave back. It must be said that PMMA or 
polymethacrylate is organic glass with a low cost price, 
belonging to the category of plastics. The lens L2 is of the 
planoconcave type and is made of borosilicate BK7 
(standard optical mineral glass). Its front (plane side) is 
pressed against a flat part of the back of the lens Ll, which 
extends at the periphery of the concave part (useful part) of 
the back of the lens Ll. The lens L3 is also of the plano-
concave type and is in BK7. Its concave side is oriented 
towards the front, opposite the back of the lens L2. 

The convergent optical group L4, L5, L6, L7 forms an 

II-EXAMPLES OF EMBODIMENTS OF A 
NON-LINEAR PANORAMIC OBJECTIVE LENS 
ACCORDING TO TIIE PRESENT INVENTION 

Here, one object of the present invention is to provide a 
panoramic objective lens having a non-linear distribution 
function Fd, that is simple in structure and with a low cost 
price. Below, two examples of embodiments of non-linear 
panoramic objective lenses according to the present inven
tion will be described, the first being a direct-type objective 
lens and the second of indirect type, that is using mirrors. 

45 apodizer within the meaning of the present invention and 
determines the non-linear distribution function Fd, which is 
obtained here by means of a-spherical lenses and a diffrac
tive lens. 

The lens L4 is of the planoconcave type and is in PMMA. 

First Embodiment 

so Its concave front is a-spherical. The lens LS is of the 
planoconvex type and is in BK7, its plane side being 
oriented towards the front. The lens L6 is a meniscus in 
PMMA having a concave and aspherical front and a diffrac
tive convex back. This diffractive back has a diffraction 

Apodizers are optical systems well knmvn by those 55 

skilled in the art, used to change the energy distribution 
(amount of light) of a source oflight at the pupil. They are 
particularly used to level out the energy in a laser beam or 
even, in the field of photography, to limit the diffraction of 
light through the lenses. Using an apodizer as a filter is also 60 

well known, to cover the aperture of an optical instrument in 
order to remove the secondary rings of a diffraction pattern. 
When it is desirable to separate the images of two neigh
bouring pin-point sources, these secondary rings are a nui
sance and reduce the resolution. "Apodization" can thus be 65 

performed, that is these secondary rings can be removed by 
placing an adequate filter in the plane of the pupil. 

grating made up of circular diffractive zones centered on the 
optical 3""1:is of the lens, the profile of which is represented in 
FIG. 17. Finally, the back lens L7 is of the biconvex type and 
is in BK7. The back lens L7 focuses the luminous flux onto 
the image plane, at the spot provided for the image sensor. 

The aspherical fronts of the lenses Ll, L4 and L6 are 
determined by means of a formula of the type: 

z(r)=[(C*r)/(1 +\/(1-(1 +k)*C2 'r2)]+A1 r+A 2 r6 +A 4r8 +A5 r 10 

in which: 
'"k" is a conicity constant, 
'"Al", "'A2", "A3", "A4", "A5" are constants for adjusting 

the coefficient of conicity according to the position, 
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'·z" is the shape of the surface, 

"r" is the radius at the center, and 

'·C" is the radius of curvature. 
The diffractive back of the lens L6 allows the number of 

lenses required to produce the objective lens 30 to be 5 

reduced. In the present embodiment, it avoids for example 
providing at least three supplementary complex lenses. It is 
determined by means of a formula of the type: 

18 
integrated circuit comprising several configurations of the 
micro-pistons in its memory, to obtain a distribution function 
Fd that is adjustable according to the intended use, which 
avoids providing several objective lenses. 

Generally speaking, adaptive optics are in themselves 
known by those skilled in the art and used in high-precision 
telescopes to correct the optical defects of the lenses or 
atmospheric distortions. Deformable mirrors also exist in the 

q,(r)=al(r!R0) 2+a2(r/R0)4 

in which: 

10 field of optical disks, if reference is made for example to the 
U.S. Pat. Nos. 5,880,896 and 5,745,278. 

"r" is the distance in relation to the center of the lens of 
a point considered, located on the surface of the lens, 

al and a2 are constants defining the phase shift of the 
wave surface, 

Therefore, means that are in themselves known are also 
used for different purposes, not to correct a lens but to 
obtain, on the contrary, a non-linear angular distribution 

15 function. 

'·RO" is a constant allowing r to be normalized, and 
It will be understood that various other alternatives of the 

present invention may be made. In particular, although the 
description above was of non-linear panoramic objective "~" is the phase shift introduced by the diffractive surface 

at the point considered. 
The lenses in PMMA Ll, L4 and L6 are manufactured 

using a method called "diamond turning" well known by 
those skilled in the art, which involves milling the surface of 
the lenses along a mesh of points. 

20 lenses with axial symmetry relative to the optical axis, in 
which the position of an image point only varies with the 
field angle relative to this axis of the corresponding object 
point (which gives a distribution of points in concentric 

The solid angle of propagation of the light rays in each 25 
lens is marked on FIG. 15 by black lines. The light rays pass 
through the optical group Ll, L2, L3, pass through the 
apodizer L4, LS, L6, L7 while being stopped down by Dl. 

The determination of the parameters defining the aspheri-
cal sides mentioned above, the formula of the diffraction 30 
grating of the lens L6, the calculation of the diameters of the 
lenses and of the distances between the lenses, are within the 
understanding of those skilled in the art using the classical 
computer-aided lens design tools. 

circles, as seen above), the framework of the present inven
tion also covers providing objective lenses the non-linearity 
of which is not symmetrical relative to the optical axis, such 
that the expanded parts of the image may, in this case, not 
be set on the center of the image. 

It v.ill be appreciated by those skilled in the art that 
changes could be made to the embodiments described above 
without departing from the broad inventive concept thereof. 
It is understood, therefore, that this invention is not limited 
to the particular embodiments disclosed, but it is intended to 
cover modifications within the spirit and scope of the present 

Second Embodiment 
35 invention as defined by the appended claims. 

APPENDIX (Forming an Integral Part of the 
Description) 

TABLE 1 

Sl - Acquisition 

FIG. 18 schematically represents a non-linear objective 
lens 40 using a distorting mirror. The objective lens 40 
comprises, at input, a divergent optical group consisting, for 
example, of the three lenses Ll, L2, L3 described above, 40 

defining the field angle of the objective lens. Opposite the 
optical group a plane mirror Ml is located which reflects the 
luminous beam onto a distorting mirror M2 of aspherical 
concave shape. The beam reflected by the mirror M2 is sent 
onto an image sensor 43. 

Taking a panoramic image by means of a still digital camera or 
a digital video can:;era equipped wich a panoramic objective lens 

45 having a non-linesr distribution function Fd 

In this embodiment, the irregularities of sphericity that the 
concave part of the mirror has determined the angular 
distribution function Fd sought for the intended application 
(distortion in the center, on the edges ... ). The result 

50 
obtained is equivalent to that of the optical system described 
above. Obtaining the distribution function Fd is within the 
understanding of those skilled in the art using computer
aided lens design tools which allow, in addition to designing 
lenses, reflecting surfaces to be designed and focused. 

55 

S2 - Transfer of the image file into a computer 

Transfer of the imcge file (image disk) into a microcomputer 
Storage in the auxiliary storage ( optional) 

S3 - Linearisation of the image disk 

Transfer cf the im2ge points of the initial image disk into a 
second virtual image disk comprising more image points 
than the initial image disk by means of the function Fd-1 

=} Obtaining a linear image disk 
S4 - Digitization 

Transfer cf the imGge points of the second i~ge disk into a system 
of axes OXYZ in spherical coordinates =} Obtaining a panoramic 
image in a hemisphere 

S5 - Interactive display 

One alternative of this embodiment involves providing 
several distorting mirrors so as to combine distortions or 
simplify complex distortions by characterising a type of 
distortion per mirror, which has the advantage of facilitating 
the engineering work. 60 

Determination of the image points of an image sector to be displayed 
Display "' che image sector on a display window 

Yet another alternative involves using one or more 
deformable mirrors to produce a so-called "adaptive" optical 
system. Deformable mirrors comprise a layer of piezoelec
tric micro-pistons covered by a reflecting layer. Each piezo
electric piston is activated individually, so that the distor- 65 

lions of the mirror can be controlled at several points to 
obtain the desired shape. This device can be driven by an 

Detection of the user's actions on a screen pointer or any 
other control means, 
Detection of the user's actions on keys for image enlargement7 

Modification of the sector displayed (sliding the inage sector 
displayed on the surface of the hemisphere and/or 
shrinking/expanding the image sector displayed) 
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TABLE 2 

20 
linear distribution function of the objective lens or by 
means of the non-linear distribution function. 

SJ - Acquisition 

Taking a panoramic image by means of a still digital camera or 
a digital video camera equipped wifa a panoramic objective lens 
having a non-linear distribution function Fd 

S2 - Transfer of the image file into a computer 

11. The method according to claim 10, wherein the step of 
correcting comprises a step of transforming the initial image 

5 into a corrected digital image comprising a number of image 
points higher than the number of pixels that the image sensor 
comprises. 

Transfer of the image file (ioage disk) into a microcomputer 
Storage in the auxiliary storage ( optional) 

S3' - Interactive display with implicit correction 
of the non-linearity cf the initial image 

A - Determination of the cobr of the points E(i, j) of an image sector 
to be disphyed using the paints p(pu, pv) of the image disk: 
1 - determination of the coordinates Ex., Ey, Ez in the coordinate 
system OXYZ of each point E(i, j) of the sector to be displayed, 
2 - derermination of the coordinates Px, Py, Pz of points P of the 
heoisphere corresponding to the points E(i, j), 

10 

15 

12, The method according to claim 11, further compris
ing: 

calculating the size of the corrected image, by means of 
the reciprocal function of the distribution function, so 
that the resolution of the corrected image is equivalent 
to the most expanded zone of the initial image, and 

scanning each image point of the corrected image, search
ing for the position of a l\vin point of the image point 
on the initial image and allocating the color of the t\vin 
point to the image point of the corrected image, 

3 - calculation of the coordinates, in the coordinate system O'UV 
of the image disk, of points ;,(pu, pv) corresponding to the points P 
of the hemisphere, by means of the function Fd, 
B - Presentation of the image sector in a display window, 

13. The method according to claim 11, wherein the initial 
image and the corrected image comprise an image disk, 

20 14. Toe method according to claim 11, further compris-
C - Detection of the aser·s actions on a screen pointer or any 
other control means, 
D - Detection of the user's actions on enlargement keys, 
E - Modification of the image sector displayed (moving and/or 
shrinkingiexpanding the image sectcr) 

We claim: 

25 

l, A method for capturing a digital panoramic image, by 
projecting a panorama onto an image sensor by means of a 
panoramic objective lens, the panoramic objective lens 

30 
having an image point distribution function that is not linear 
relative to the field angle of object points of the panorama, 
the distribution function having a maximum divergence of at 
least ±10% compared to a linear distribution function, such 
that the panoramic image obtained has at least one substan
tially expanded zone and at least one substantially com- 35 

pressed zone. 
2. The method according to claim 1, wherein the objective 

lens has a non-linear distribution function that is symmetri-
cal relative to the optical axis of the objective lens, the 
position of an image point relative to the center of the image 40 

varying according to the field angle of the corresponding 
object point 

3. The method according to claim 1, wherein the objective 
lens expands the center of the image and compresses the 
edges of the image, 

4, The method according to claim 1, wherein the objective 
lens expands the edges of the image and compresses the 
center of the image, 

45 

5, The method according to claim 1, wherein the objective 
lens compresses the center of the image and the edges of the 

50 
image and expands an intermediate zone of the image 
located between the center and the edges of the image. 

6. The method according to claim 1, wherein the objective 
lens comprises a set of lenses forming an apodizer. 

7, The method according to claim 6, wherein the set of 
lenses forming an apodizer comprises at least one aspherical 55 

lens, 
8. The method according to claim 6, wherein the set of 

lenses forming an apodizer comprises at least one diffractive 
lens, 

ing: 

transferring the image points of the corrected image into 
a three-dimensional space, and 

presenting one sector of the three-dimensional image 
obtained on a display means. 

15. The method according to claim 10, further compris-
ing: 

determining the color of image points of a display 
window, by projecting the image points of the display 
window onto the initial image by means of the non
linear distribution function, and 

allocating to each image point of the display window the 
color of an image point that is the closest on the initial 
image, 

16. The method according to claim 15, wherein the 
projection of the image points of the display window onto 
the initial image comprises: 

projecting the image points of the display window onto a 
sphere or a sphere portion, 

determining the angle in relation to the center of the 
sphere or the sphere portion of each projected image 
point, and 

projecting onto the initial image each image point pro
jected onto the sphere or the sphere portion, the pro
jection being performed by means of the non-linear 
distribution function considering the field angle that 
each point to be projected has in relation to the center 
of the sphere or the sphere portion, 

17, A panoramic objective lens comprising: 

optical means for projecting a panorama into an image 
plane of the objective lens, the optical means having an 
image point distribution function that is not linear 
relative to the field angle of object points of the 
panorama, the distribution function having a maximum 
divergence of at least :t10% compared to a linear 
distribution function, such that a panoramic image 
obtained by means of the objective lens comprises at 
least one substantially expanded zone and at least one 
substantially compressed zone. 

9. The method according to claim 1, wherein the objective 60 

lens comprises a set of mirrors including at least one 
distorting mirror. 18. The panoramic objective lens according to claim 17, 

having a non-linear distribution function that is symmetrical 
relative to the optical axis of the objective lens, rhe position 

65 of an image point relative to the center of an image obtained 
varying according to the field angle of the corresponding 
object point 

10, A method for displaying an initial panoramic image 
obtained in accordance with the method according to claim 
1, the method for displaying comprising: 

correcting the non-linearity of the initial image, per
formed by means of a reciprocal function of the non-
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19. The panoramic objective lens according to claim 17, 
wherein the lens expands the center of an image and 
compresses the edges of the image. 

22 
23. The panoramic objective lens according to claim 22, 

wherein the set of lenses forming an apodizer comprises at 
least one aspherical lens. 

20. The panoramic objective lens according to claim 17, 
wherein the lens expands the edges of an image and com
presses the center of the image. 

24. The panoramic objective lens according to claim 22, 
5 wherein the set of lenses forming an apodizer comprises at 

least one diffractive lens. 
21. The panoramic objective lens according to claim 17, 

wherein the lens compresses the center of the image and the 
edges of the image, and expands an intermediate zone of the 
image located between the center and the edges of the 10 

image. 
22. The panoramic objective lens according to claim 17, 

further comprising a set of lenses forming an apodizer. 

25. The panoramic objective lens according to claim 22, 
comprising polymethacrylate lenses. 

26. The panoramic objective lens according to claim 17, 
comprising a set of mirrors comprising at least one distorting 
mirror. 

* * * * * 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,844,990 B2 
DATED : January 18, 2005 
INVENTOR(S) : Jean-Oaude Artonne et al. 

Page 1 of 1 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 2. 
Line 34, "ax" should be replaced with -- a--; 

Column 13, 
Line 17, "a" should be replaced with -- a--; 

Column 14, 
Line 65, "a" should be replaced with -- a--; 

Column 16. 
Line 62, the formula should read: 

·· z(r} = {(C~r2)/(l + V(l-(l+k)*C2*r2
)] + A1r1 + A2r4 + A3r6 + ~r3 + A5r10 -. 

Signed and Sealed this 

Twenty-fourth Day of May, 2005 

JONW.DUDAS 
Director of the United States Patent and Trademark Office 
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PTO/SB/57 (08-13) 
Approved for use through 07/31/2015. 0MB 0651-0064 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

(Also referred to as FORM PT0-1465) 

REQUEST FOR EX PARTE REEXAMINATION TRANSMITTAL FORM 

Address to: 
Mail Stop Ex Parle Reexam 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Attorney Docket No.: 688266-21 RX 

Date: I November 26, 2014 I 
1. 0 This is a request for ex parte reexamination pursuant to 37 CFR 1.510 of patent number 

6,844,990 issued January 18, 2005 . The request is made by: 

0 patent owner. D third party requester. 

2. 0 The name and address of the person requesting reexamination is: 

6115187 Canada Inc. 
2020 University Street 
Suite 2320 
Montreal, Quebec H3A 2A5 
CANADA 

3. Requester claims D small entity (37 CFR 1.27) or D micro entity status (37 CFR 1.29) - only a patent 
owner requester can claim micro entity status. 

4. D a. A check in the amount of $ is enclosed to cover the reexamination fee, 37 CFR 1.20(c)(1 ); 

D b. The Director is hereby authorized to charge the fee as set forth in 37 CFR 1.20(c)(1) 

to Deposit Account No. 

D c. Payment by credit card. Form PT0-2038 is attached; or 

0 d. Payment made via EFS-Web. 

5. D Any refund should be made by D check or D credit to Deposit Account No. 
37 CFR 1.26(c). If payment is made by credit card, refund must be to credit card account. 

6. 0 A copy of the patent to be reexamined having a double column format on one side of a separate paper is 
enclosed. 37 CFR 1.510(b)(4). 

7. D CD-ROM or CD-R in duplicate, Computer Program (Appendix) or large table 

8. D 
D Landscape Table on CD 

Nucleotide and/or Amino Acid Sequence Submission 
If applicable, items a. - c. are required. 

a. D Computer Readable Form (CRF) 

b. Specification Sequence Listing on: 

i. D CD-ROM (2 copies) or CD-R (2 copies); or 

ii. D paper 

c. D Statements verifying identity of above copies 

9. 0 A copy of any disclaimer, certificate of correction or reexamination certificate issued in the patent is included. 

10. 0 Reexamination ofclaim(s) 1-4, 6-7, 10-11, 15-20, 22-23, and 25 is requested. 

11. 0 A copy of every patent or printed publication relied upon is submitted herewith including a listing thereof on 
Form PTO/SB/08, PT0-1449, or equivalent. 

12. 0 An English language translation of all necessary and pertinent non-English language patents and/or printed 
publications is included. 
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13. 

14. 

15. 

PTO/SB/57 (08-13) 
Approved for use through 07/31/2015. 0MB 0651-0064 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are reauired to respond to a collection of information unless it displavs a valid 0MB control number. 

~ The attached detailed request includes at least the following items: 
a. A statement identifying each substantial new question of patentability based on prior patents and 

printed publications. 37 CFR 1.51 O(b )(1 ). 

b. An identification of every claim for which reexamination is requested, and a detailed explanation of the 
pertinency and manner of applying the cited art to every claim for which reexamination is requested. 37 
CFR 1.51 O(b )(2). 

~ A proposed amendment is included (only where the patent owner is the requester). 37 CFR 1.51 O(e). 

Oa. It is certified that a copy of this request (if filed by other than the patent owner) has been served in its 
entirety on the patent owner as provided in 37 CFR 1.33(c). 
The name and address of the party served and the date of service are: 

Date of Service: ; or 

ob. A duplicate copy is enclosed since service on patent owner was not possible. An explanation of the 
efforts made to serve patent owner is attached. See MPEP § 2220. 

16. Correspondence Address: Direct all communication about the reexamination to: 

0 The address associated with Customer Number: I 00570 I OR 

D Firm or PANITCH SCHWARZE BELISARIO & NADEL LLP 
Individual Name 

Address 

City Philadelphia I state PA I zip 19103 
Country us 

Telephone (215) 965-1330 I Email usptomail@panitchlaw.com 

17. D The patent is currently the subject of the following concurrent proceeding(s): 

D a. Copending reissue Application No. 

D b. Copending reexamination Control No. 

D C. Copending Interference No. 

D d. Copending litigation styled: 

WARNING: Information on this form may become public. Credit card information should not be 
included on this form. Provide credit card information and authorization on PT0-2038. 

/Stephen E. Murray-/ November 26, 2014 
Authorized Signature Date 

Stephen E. Murray- 63,206 
Typed/Printed Name Registration No. Q For Patent Owner Requester 

D For Third Party Requester 
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Docket No.: 688266-21RX 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent of: 
Jean-Claude ARTONNE et al. 

Patent No.: 6,844,990 B2 

Issue Date: January 18, 2005 

For: METHOD FOR CAPTURING AND 
DISPLAYING AV ARIABLE RESOLUTION 
DIGITAL PANORAMIC IMAGE 

REQUEST BY PATENT OWNER FOR EX PARTE 
REEXAMINATION OF U.S. PATENT NO. 6,844,990 

6115187 Canada Inc. ("Immervision") hereby respectfully requests ex parte 

reexamination under 35 U.S.C. § 302 and 37 C.F.R. § 1.510 of claims 1-4, 6-7, 10-11, 15-20, 22-

23, and 25 of U.S. Patent No. 6,844,990 B2 ("the '990 patent") filed on November 12, 2003 by 

Jean-Claude Artonne, et al. and assigned to Immervision. The '990 patent is a continuation of 

International Patent Application No. PCT/FR02/01588, filed on May 10, 2002, which claims 

priority to French Patent Application No. FR 01-06261, filed on May 11, 2001. The '990 patent 

was issued on January 18, 2005 and is still in force. A copy of the '990 patent is attached hereto 

as Exhibit 1. 

Payment of the fee for reexamination is included herewith. If any additional fee is due, 

please charge such fee to Deposit Account No. 50-1017. 
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Ex Parte Reexamination of U.S. Patent No. 6,844,990 
Proposed Amendment 

I. Identification of Prior Art 

The following patents and publications form the basis of the current request for ex parte 

reexamination: 

1. US. Patent No. 6,128,145 ofNagaoka1 ("Nagaoka''): Nagaoka issued on October 3, 

2000, more than one year before the earliest priority date (May 10, 2002) of the '990 patent. 

Thus, Nagaoka qualifies as prior art to the '990 patent under 35 U.S.C. §§ 102(b) and 103(a).2 

2. US. Patent No. 5,686,957 of Baker3 ("Baker''): Baker issued on November 11, 1997, 

more than one year before the earliest priority date (May 10, 2002) of the '990 patent. Thus, 

Baker qualifies as prior art to the '990 patent under 35 U.S.C. §§ 102(b) and 103(a). 

3. US. Patent No. 3,953,111 of Fisher, et al. 4 ("Fisher''): Fisher issued on April 27, 1976, 

more than one year before the earliest priority date (May 10, 2002) of the '990 patent. Thus, 

Fisher qualifies as prior art to the '990 patent under 35 U.S.C. §§ 102(b) and 103(a). 

4. European Patent Publication No. EP 1 028 389 A25 ("Shiota ''): Shiota was published on 

August 16, 2000, more than one year before the earliest priority date (May 10, 2002) of the '990 

patent. Thus, Shiota qualifies as prior art to the '990 patent under§§ 102(b) and 103(a). 

5. Japanese Patent Publication No. JP 2000-2427736 ("Matsui''): Matsui was published on 

September 8, 2000, more than one year before the earliest priority date (May 10, 2002) of the 

'990 patent. Thus, Matsui qualifies as prior art to the '990 patent under§§ 102(b) and 103(a). 

1 Copy attached as Exhibit 2. 
2 All references to 35 U.S.C. §§ 102 and 103 herein are with respect to pre-AIA versions thereof. 
3 Copy attached as Exhibit 3. 
4 Copy attached as Exhibit 4. 
5 Copy attached as Exhibit 5. 
6 Copy of Japanese Publication attached as Exhibit 6a, a certified English translation thereof is attached 
as Exhibit 6b. 
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Ex Parte Reexamination of U.S. Patent No. 6,844,990 
Proposed Amendment 

6. Japanese Patent Publication No. JP HJ 1-2618687 ("Enami''): Enami was published on 

September 24, 1999, more than one year before the earliest priority date (May 10, 2002) of the 

'990 patent. Thus, Enami qualifies as prior art to the '990 patent under§§ 102(b) and 103(a). 

7. US. Patent No. 6,031,670 of Inoue8 ("Inoue''): Inoue issued on February 29, 2000, more 

than one year before the earliest priority date (May 10, 2002) of the '990 patent. Thus, Inoue 

qualifies as prior art to the '990 patent under 35 U.S.C. §§ 102(b) and 103(a). 

II. Identification of Claims for Which Reexamination is Requested 

Reexamination is requested of claims 1-4, 6-7, 10-11, 15-20, 22-23, and 25 of the '990 

patent in view of the prior art patents and printed publications listed below: 

1. Reexamination of claims 1-2, 4, 6, 17-18, 20, and 22 is requested in view of 

Nagaoka. 

2. 

Baker. 

3. 

Fisher. 

4. 

Shiota. 

5. 

6. 

7. 

Reexamination of claims 1-2, 4, 6, 17-18, 20, and 22 is requested in view of 

Reexamination of claims 1-3, 6-7, 17-19, and 22-23 is requested in view of 

Reexamination of claims 10-11 is requested in view ofNagaoka in view of 

Reexamination of claim 10 is requested in view ofNagaoka in view of Matsui. 

Reexamination of claims 10-11 is requested in view of Baker in view of Shiota. 

Reexamination of claims 15-16 is requested in view ofNagaoka in view of Shiota 

and in further view of Enami. 

8. Reexamination of claims 15-16 is requested in view of Baker in view of Shiota 

and in further view of Enami. 

9. Reexamination of claim 25 is requested in view ofNagaoka in view oflnoue. 

10. Reexamination of claim 25 is requested in view of Baker in view oflnoue. 

7 Copy of Japanese Publication attached as Exhibit 7a, a certified English translation thereof is attached 
as Exhibit 7b. 
8 Copy attached as Exhibit 8. 
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Proposed Amendment 

III. Showing of Each Substantial New Question of Patentability 

A. Nagaoka 

Nagaoka was not of record in the file of the '990 patent, although its European equivalent 

(EP 1 004 915) was cited to the Examiner. Nagaoka discloses a monitoring system utilizing a 

fisheye lens 1 in conjunction with a camera 2 for image capture. The fisheye lens 1 may include 

one of several "non-linear" image point distribution functions, including ones having a 

maximum divergence from a linear distribution function of more than 10%, such as h = 1.2f 

tan( /1.6) and h = 1.6f tan( /2). These equations give the fisheye lens 1 an "expanded" zone 

near the periphery of the image and a "compressed zone" near the center of the image. (Nagaoka 

at Figs. 2, 3A-3B, 4A; col. 3, ln. 63-col. 4, ln. 15; col. 5, lns. 13-27). Because Nagaoka provides 

subject matter of claims 1-2, 4, 6, 17-18, 20, and 22 of the '990 patent, and the Examiner appears 

to have overlooked relevant portions of the disclosure ofNagaoka's European equivalent, the 

teachings ofNagaoka raise a substantial new question of patentability with respect to claims 1-2, 

4, 6, 17-18, 20, and 22. 

B. Baker 

Baker was not of record in the file of the '990 patent, although its European equivalent 

(EP O 695 085) was cited to the Examiner. Baker discloses a camera 10 having a lens 14 

designed to capture and enhance peripheral content of a hemispheric scene, thereby compressing 

the center and expanding the periphery of the image. An example provided by Baker states that 

the lens would focus the lowest fifteen (15) degrees up from the horizon on fifty (50) percent of 

the imager area, which is greater than a 10% divergence from a linear distribution function. 

(Baker at Figs. 1, 3BA, 3BB; col. 6, lns. 48-56; col. 8, ln. 58-col. 9, ln. 4). Because Baker 

provides subject matter of claims 1-2, 4, 6, 17-18, 20, and 22 of the '990 patent, and the 

Examiner appears to have overlooked relevant portions of the disclosure of Baker's European 

equivalent, the teachings of Baker raise a substantial new question of patentability with respect 

to claims 1-2, 4, 6, 17-18, 20, and 22. 
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C. Fisher 

Fisher was of record in the file of the '990 patent, but the Examiner appears to have 

overlooked certain aspects of the disclosure in Fisher that are relevant to various claims of the 

'990 patent. Fisher discloses a non-linear panoramic objective lens having three lens groupings 

A, B, C. The first grouping A provides a mapping function having a formula ofH = sin113 
, 

which expands the center of the image and compresses the periphery thereof. (Fisher at Figs. 3, 

6; col. 3, lns. 8-12; col. 5, lns. 52-60). Because Fisher provides subject matter of claims 1-3, 6-7, 

17-19, and 22-23 of the '990 patent, and the Examiner appears to have overlooked relevant 

portions of the disclosure of Fisher, the teachings of Fisher raise a substantial new question of 

patentability with respect to claims 1-3, 6-7, 17-19, and 22-23. 

D. Nagaoka and Shiota 

As described above, Nagaoka itself was not ofrecord in the file of the '990 patent, 

although a European equivalent was considered by the Examiner. 

Shiota was not of record in the file of the '990 patent. Shiota discloses an arithmetic unit 

that transforms an image captured by a fisheye lens into a plane image for display. Points X2, Y 2 

on a plane are mapped to projection coordinates pl, ql on an image pickup surface using an 

equation relying on k2, which is derived using the distribution function ( e.g., F( ) ). (Shiota at 

Fig. 1; paras. [0001], [0022], [0028]-[0041]). 

Because the teachings ofNagaoka and Shiota, taken together, provide subject matter of 

claims 10-11 of the '990 patent, and because the Examiner did not have the benefit of examining 

Shiota in combination with the European equivalent ofNagaoka, Nagaoka and Shiota present a 

substantial new question of patentability with respect to claims 10-11. 

E. Nagaoka and Matsui 

As described above, Nagaoka itself was not ofrecord in the file of the '990 patent, 

although a European equivalent was considered by the Examiner. 

Matsui was not ofrecord in the file of the '990 patent. Matsui discloses conversion of 

image data captured using a fisheye lens onto a converted cylindrical surface. The position on 
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the captured image can be mapped with a point on the cylindrical surface using the distribution 

function, which in the example of Matsui is given ash= 2f tan( /2). (Matsui at Figs. 2-4, 6; 

translation at Abstract; para. [0025]). 

Because the teachings ofNagaoka and Matsui, taken together, provide subject matter of 

claim 10 of the '990 patent, and because the Examiner did not have the benefit of examining 

Matsui in combination with the European equivalent ofNagaoka, Nagaoka and Matsui present a 

substantial new question of patentability with respect to claim 10. 

F. Baker and Shiota 

As described above, Baker itself was not ofrecord in the file of the '990 patent, although 

a European equivalent was considered by the Examiner. As further described above, Shiota was 

not of record in the file of the '990 patent. 

Because the teachings of Baker and Shiota, taken together, provide subject matter of 

claims 10-11 of the '990 patent, and because the Examiner did not have the benefit of examining 

Shiota in combination with the European equivalent of Baker, Baker and Shiota present a 

substantial new question of patentability with respect to claims 10-11. 

G. Nagaoka, Shiota, and Enami 

As described above, Nagaoka itself was not ofrecord in the file of the '990 patent, 

although a European equivalent was considered by the Examiner. As further described above, 

Shiota was not ofrecord in the file of the '990 patent. 

Enami was also not ofrecord in the file of the '990 patent. Enami discloses a fisheye 

lens apparatus and an image distortion correction method. The correction method includes 

extracting color information from the original image through projection using the distribution 

function and assigning the appropriate colors on the display point. (Enami at Figs. 2-4; 

translation at paras. [0072]-[0074], [0084]-[0085]). 

Because the teachings ofNagaoka, Shiota, and Enami, taken together, provide subject 

matter of claims 15-16 of the '990 patent, and because the Examiner did not have the benefit of 
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examining Enami in combination with the European equivalent ofNagaoka, Nagaoka, Shiota, 

and Enami present a substantial new question of patentability with respect to claims 15-16. 

H. Baker, Shiota, and Enami 

As described above, Baker itself was not of record in the file of the '990 patent, although 

a European equivalent was considered by the Examiner. As further described above, neither 

Shiota nor Enami was ofrecord in the file of the '990 patent. 

Because the teachings of Baker, Shiota, and Enami, taken together, provide subject 

matter of claims 15-16 of the '990 patent, and because the Examiner did not have the benefit of 

examining Enami in combination with the European equivalent of Baker, Baker, Shiota, and 

Enami present a substantial new question of patentability with respect to claims 15-16. 

I. Nagaoka and Inoue 

As described above, Nagaoka itself was not ofrecord in the file of the '990 patent, 

although a European equivalent was considered by the Examiner. 

Inoue was not ofrecord in the file of the '990 patent. Inoue discloses a wide angle lens 

that may be made from PMMA. (Inoue at col. 2, lns. 42-44). 

Because the teachings ofNagaoka and Inoue, taken together, provide subject matter of 

claim 25 of the '990 patent, and because the Examiner did not have the benefit of examining 

Inoue in combination with the European equivalent ofNagaoka, Nagaoka and Inoue present a 

substantial new question of patentability with respect to claim 25. 

J Baker and Inoue 

As described above, Baker itself was not ofrecord in the file of the '990 patent, although 

a European equivalent was considered by the Examiner. As further described above, Inoue was 

not of record in the file of the '990 patent. 

Because the teachings of Baker and Inoue, taken together, provide subject matter of claim 

25 of the '990 patent, and because the Examiner did not have the benefit of examining Inoue in 
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combination with the European equivalent of Baker, Baker and Inoue present a substantial new 

question of patentability with respect to claim 25. 

IV. Detailed Explanation under 37 CFR § 1.SlO(b) of Pertinence and Manner of 
Applying Cited Prior Art to Every Claim for which Reexamination is Requested 

A. Nagaoka 

Each element of claims 1-2, 4, 6, 17-18, 20, and 22 is set forth in the attached "Detailed 

Explanation of Pertinency ofNagaoka and Claim Analysis Chart for U.S. Patent No. 6,844,990 

B2" (Appendix A) with an explanation as to how Nagaoka is pertinent to the recited features of 

each of claims 1-2, 4, 6, 17-18, 20, and 22. 

B. Baker 

Each element of claims 1-2, 4, 6, 17-18, 20, and 22 is set forth in the attached "Detailed 

Explanation of Pertinency of Baker and Claim Analysis Chart for U.S. Patent No. 6,844,990 B2" 

(Appendix B) with an explanation as to how Baker is pertinent to the recited features of each of 

claims 1-2, 4, 6, 17-18, 20, and 22. 

C. Fisher 

Each element of claims 1-3, 6-7, 17-19, and 22-23 is set forth in the attached "Detailed 

Explanation of Pertinency of Fisher and Claim Analysis Chart for U.S. Patent No. 6,844,990 B2" 

(Appendix C) with an explanation as to how Baker is pertinent to the recited features of each of 

claims 1-3, 6-7, 17-19, and 22-23. 

D. Nagaoka and Shiota 

Nagaoka teaches a monitoring system with a fisheye lens having a non-linear distribution 

function which expands the peripheral edges of the captured image. A person of ordinary skill in 

the art would recognize the need to correct the image captured by N agaoka. Shiota, in the same 

field of endeavor, teaches a method of transforming a captured image into a plane image for 

display using the non-linear distribution function. Thus, one of ordinary skill in the art would 

have had reason to consult Shiota for a method of de-warping the image captured by the fisheye 

lens ofNagaoka for presentation to a user. 
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Each element of claims 10-11 is set forth in the attached "Detailed Explanation of 

Pertinency ofNagaoka and Shiota and Claim Analysis Chart for U.S. Patent No. 6,844,990 B2" 

(Appendix D) with an explanation as to how Nagaoka and Shiota are pertinent to the recited 

features of each of claims 10-11. 

E. Nagaoka and Matsui 

Nagaoka teaches a monitoring system with a fisheye lens having a non-linear distribution 

function which expands the peripheral edges of the captured image. A person of ordinary skill in 

the art would recognize the need to correct the image captured by N agaoka. Matsui, in the same 

field of endeavor, teaches a method of transforming a captured image into a plane image for 

display using the non-linear distribution function. Thus, one of ordinary skill in the art would 

have had reason to consult Matsui for a method of de-warping the image captured by the fisheye 

lens ofNagaoka for presentation to a user. 

Each element of claim 10 is set forth in the attached "Detailed Explanation of Pertinency 

ofNagaoka and Matsui and Claim Analysis Chart for U.S. Patent No. 6,844,990 B2" (Appendix 

E) with an explanation as to how Nagaoka and Matsui are pertinent to the recited features of 

claim 10. 

F. Baker and Shiota 

Baker teaches a camera with a lens for capturing a hemispheric scene, emphasizing the 

periphery of the image. A person of ordinary skill in the art would recognize the need to correct 

the image captured by Baker. Shiota, in the same field of endeavor, teaches a method of 

transforming a captured image into a plane image for display using the non-linear distribution 

function. Thus, one of ordinary skill in the art would have had reason to consult Shiota for a 

method of de-warping the image captured by the panoramic lens of Baker for presentation to a 

user. 

Each element of claims 10-11 is set forth in the attached "Detailed Explanation of 

Pertinency of Baker and Shiota and Claim Analysis Chart for U.S. Patent No. 6,844,990 B2" 
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(Appendix F) with an explanation as to how Baker and Shiota are pertinent to the recited features 

of each of claims 10-11. 

G. Nagaoka, Shiota, and Enami 

Nagaoka and Shiota, taken together, teach a monitoring system with a fisheye lens having 

a non-linear distribution function which expands the peripheral edges of the captured image, and 

which corrects the captured image for display to a user by utilizing the non-linear distribution 

function. Enami is in the same field of endeavor and teaches color allocation during the image 

correction process. One of ordinary skill in the art would have had reason to further modify 

Nagaoka in order to ensure that mapped coordinates were assigned the appropriate color value 

and provide a more accurate corrected image. 

Each element of claims 15-16 is set forth in the attached "Detailed Explanation of 

Pertinency ofNagaoka, Shiota, and Enami and Claim Analysis Chart for U.S. Patent No. 

6,844,990 B2" (Appendix G) with an explanation as to how Nagaoka, Shiota, and Enami are 

pertinent to the recited features of each of claims 15-16. 

H. Baker, Shiota, and Enami 

Baker and Shiota, taken together, teach a camera with a lens having a non-linear 

distribution function which expands the peripheral edges of the captured hemispheric image, and 

which corrects the captured image for display to a user by utilizing the non-linear distribution 

function. Enami is in the same field of endeavor and teaches color allocation during the image 

correction process. One of ordinary skill in the art would have had reason to further modify 

Baker in order to ensure that mapped coordinates were assigned the appropriate color value and 

provide a more accurate corrected image. 

Each element of claims 15-16 is set forth in the attached "Detailed Explanation of 

Pertinency of Baker, Shiota, and Enami and Claim Analysis Chart for U.S. Patent No. 6,844,990 

B2" (Appendix H) with an explanation as to how Baker, Shiota, and Enami are pertinent to the 

recited features of each of claims 15-16. 
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I. Nagaoka and Inoue 

Nagaoka teaches a monitoring system with a fisheye lens having a non-linear distribution 

function which expands the peripheral edges of the captured image. Inoue, in the same field of 

endeavor, teaches that material and manufacturing costs may be reduced using PMMA to 

manufacture the wide angle lens. (Inoue at col. 2, lns. 42-44). The '990 patent equates PMMA 

and polymethacrylate. One of ordinary skill in the art would have had reason to manufacture the 

fisheye lens ofNagaoka out of polymethacrylate, based on Inoue. 

Each element of claim 25 is set forth in the attached "Detailed Explanation of Pertinency 

ofNagaoka and Inoue and Claim Analysis Chart for U.S. Patent No. 6,844,990 B2" (Appendix I) 

with an explanation as to how Nagaoka and Inoue are pertinent to the recited features of claim 

25. 

J Baker and Inoue 

Baker teaches a camera with a lens for capturing a hemispheric scene, emphasizing the 

periphery of the image. Inoue, in the same field of endeavor, teaches that material and 

manufacturing costs may be reduced using PMMA to manufacture the wide angle lens. (Inoue at 

col. 2, lns. 42-44). The '990 patent equates PMMA and polymethacrylate. One of ordinary skill 

in the art would have had reason to manufacture the fisheye lens of Baker out of 

polymethacrylate, based on Inoue. 

Each element of claim 25 is set forth in the attached "Detailed Explanation of Pertinency 

of Baker and Inoue and Claim Analysis Chart for U.S. Patent No. 6,844,990 B2" (Appendix J) 

with an explanation as to how Baker and Inoue are pertinent to the recited features of claim 25. 

V. Notification of Existence of Prior or Concurrent Proceedings and Decisions Thereon 
Under 37 C.F.R. § 1.565(a) 

The '990 patent was previously asserted in a case entitled Immervision, Inc. v. Vivotek, 

Inc., et al., Civil Action No. 2:13-cv-01117, filed in the United States District Court for the 

District of Nevada. The case was dismissed pursuant to a settlement between the parties on 

September 27, 2013. 
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The '990 patent was also previously asserted in a case entitled 6115187 Canada, Inc. 

dlb/a Immervision, Inc. v. CBC. Co., Ltd., et al., Civil Action No. 13-cv-1139, filed in the United 

States District Court for the District of Delaware. The case was dismissed pursuant to a 

settlement between the parties on August 5, 2014. 

A petition for inter partes review of the '990 patent was filed on September 3, 2014, the 

record for which is electronically available through the Patent Review Processing System 

(PRPS) under Case No. IPR2014-01438. The proceeding was dismissed on November 26, 2014, 

prior to institution, pursuant to a joint motion to terminate as a result of a settlement between the 

parties. 

There are presently no ongoing proceedings involving the '990 patent. 

VI. Conclusion 

In view of the foregoing and related Exhibits 1-8b and Appendices A-J, ex parte 

reexamination of claims 1-4, 6-7, 10-11, 15-20, 22-23, and 25 of the '990 patent is respectfully 

requested. 

Dated: November 26, 2014 Respectfully submitted, 

By /Stephen E. Murray/ 
Stephen E. Murray 
Registration No.: 63,206 
PANITCH SCHWARZE BELISARIO & NADEL LLP 
One Commerce Square 
2005 Market Street, Suite 2200 
Philadelphia, Pennsylvania 19103 
(215) 965-1307 
(215) 965-1331 (Fax) 
smurray@panitchlaw.com (E-Mail) 
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Docket No.: 688266-21RX 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent of: 
Jean-Claude ARTONNE et al. 

Patent No.: 6,844,990 B2 

Issue Date: January 18, 2005 

For: METHOD FOR CAPTURING AND 
DISPLAYING AV ARIABLE RESOLUTION 
DIGITAL PANORAMIC IMAGE 

PROPOSED AMENDMENT UNDER 37 C.F.R. §§ 1.SlO(e) AND 1.530 

This proposed amendment is being submitted pursuant to 37 C.F.R. §§ 1.5IO(e) and 

1.530 in connection with the concurrently filed request for ex parte reexamination of the above

identified patent. 

Prior to reexamination, please amend the above-identified U.S. patent as follows: 

Amendments to and Listing of Claims Subject to Reexamination begin on page 2 

of this paper. 

Remarks/ Arguments begin on page 10 of this paper. 
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AMENDMENTS TO AND LISTING OF CLAIMS SUBJECT TO REEXAMINATION 

The following listing of claims subject to reexamination replaces all prior versions, and 

listings, of claims subject to reexamination. 

1. (Cancelled). 

2. (Amended) The method according to claim [1] 27, wherein the objective lens has 

a non-linear distribution function that is symmetrical relative to the optical axis of the objective 

lens, the position of an image point relative to the center of the image varying according to the 

field angle of the corresponding object point. 

3. (Amended) The method according to claim [1] 27, wherein the objective lens 

expands the center of the image and compresses the edges of the image. 

4. (Amended) The method according to claim [1] 27, wherein the objective lens 

expands the edges of the image and compresses the center of the image. 

5. (Not Subject to Reexamination). 

6-7. (Cancelled). 

8-9. (Not Subject to Reexamination). 

10. (Amended) A method for displaying an initial panoramic image obtained in 

accordance with the method according to claim 1, the method for displaying comprising: 

correcting the non-linearity of the initial image, performed by means of a reciprocal function of 

the non-linear distribution function of the objective lens [or by means of the non-linear 

distribution function]. 
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11. (Original) The method according to claim 10, wherein the step of correcting 

comprises a step of transforming the initial image into a corrected digital image comprising a 

number of image points higher than the number of pixels that the image sensor comprises. 

12-14. (Not Subject to Reexamination). 

15. (Amended) The method according to claim [10] 27, further comprising: 

determining the color of image points of a display window, by projecting the image 

points of the display window onto the initial image by means of the non-linear distribution 

function, and 

allocating to each image point of the display window the color of an image point that is 

the closest on the initial image. 

16. (Original) The method according to claim 15, wherein the projection of the image 

points of the display window onto the initial image comprises: 

projecting the image points of the display window onto a sphere or a sphere portion, 

determining the angle in relation to the center of the sphere or the sphere portion of each 

projected image point, and 

projecting onto the initial image each image point projected onto the sphere or the sphere 

portion, the projection being performed by means of the non-linear distribution function 

considering the field angle that each point to be projected has in relation to the center of the 

sphere or the sphere portion. 

17. (Original) A panoramic objective lens comprising: optical means for projecting a 

panorama into an image plane of the objective lens, the optical means having an image point 

distribution function that is not linear relative to the field angle of object points of the panorama, 

the distribution function having a maximum divergence of at least+/- 10% compared to a linear 

distribution function, such that a panoramic image obtained by means of the objective lens 

3 

LGE Exhibit 1003 
LGE v. ImmerVision 

Page 342 of 356



Ex Parte Reexamination of U.S. Patent No. 6,844,990 
Proposed Amendment 

comprises at least one substantially expanded zone and at least one substantially compressed 

zone. 

18. (Original) The panoramic objective lens according to claim 17, having a non-

linear distribution function that is symmetrical relative to the optical axis of the objective lens, 

the position of an image point relative to the center of an image obtained varying according to 

the field angle of the corresponding object point. 

19. (Original) The panoramic objective lens according to claim 17, wherein the lens 

expands the center of an image and compresses the edges of the image. 

20. (Original) The panoramic objective lens according to claim 17, wherein the lens 

expands the edges of an image and compresses the center of the image. 

21. (Not Subject to Reexamination). 

22. (Cancelled). 

23. (Original) The panoramic objective lens according to claim 22, wherein the set of 

lenses forming an apodizer comprises at least one aspherical lens. 

24. (Not Subject to Reexamination). 

25. (Original) The panoramic objective lens according to claim 22, comprising 

polymethacrylate lenses. 

26. (Not Subject to Reexamination). 
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27. (New) A method for displaying a digital panoramic image, the method 

compnsmg: 

obtaining a digital panoramic image by projecting a panorama onto an image sensor 

using a panoramic objective lens, the panoramic objective lens having an image point 

distribution function that is not linear relative to a field angle of object points of the panorama, 

the distribution function having a maximum divergence of at least +/- 10% compared to a linear 

distribution function, such that the panoramic image obtained has at least one expanded zone and 

at least one compressed zone; and 

displaying the obtained panoramic image by correcting the non-linearity of the initial 

image, performed by retrieving image points on the obtained image in a coordinate system of 

center O' using at least the non-linear distribution function and a size L of the obtained image. 

28. (New) The method according to claim 27, wherein the objective lens compresses 

the center of the image and the edges of the image and expands an intermediate zone of the 

image located between the center and the edges of the image. 

29. (New) The method according to claim 27, wherein the objective lens comprises a 

set of lenses forming an apodizer. 

30. (New) The method according to claim 29, wherein the set oflenses forming an 

apodizer comprises at least one aspherical lens. 

31. (New) The method according to claim 27, wherein the step of correcting 

comprises a step of transforming the initial image into a corrected digital image comprising a 

number of image points higher than the number of pixels that the image sensor comprises. 

32. (New) A panoramic objective lens comprising: 

a set oflenses configured to project a panorama into an image plane of the objective lens, 

the panoramic objective lens having an image point distribution function that is not linear 
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relative to a field angle of object points of the panorama, the distribution function having a 

maximum divergence of at least +/- 10% compared to a linear distribution function, such that a 

panoramic image obtained using the objective lens comprises at least one expanded zone and at 

least one compressed zone, 

wherein the panoramic image obtained by the objective lens is configured to be corrected 

by retrieving image points on the obtained image in a coordinate system of center O' using at 

least the non-linear distribution function, and a size L of the obtained image. 

33. (New) The lens according to claim 32, wherein the objective lens has a non-

linear distribution function that is symmetrical relative to the optical axis of the objective lens, 

the position of an image point relative to the center of the image varying according to the field 

angle of the corresponding object point. 

34. (New) The lens according to claim 32, wherein the objective lens expands the 

center of the image and compresses the edges of the image. 

35. (New) The lens according to claim 32, wherein the objective lens expands the 

edges of the image and compresses the center of the image. 

36. (New) The lens according to claim 32, wherein the objective lens compresses the 

center of the image and the edges of the image and expands an intermediate zone of the image 

located between the center and the edges of the image. 

37. (New) The lens according to claim 32, wherein the set oflenses comprises at 

least one aspherical lens. 

38. (New) A method for capturing a digital panoramic image, by projecting a 

panorama onto an image sensor using a panoramic objective lens, the panoramic objective lens 

having an image point distribution function that is not linear relative to the field angle of object 
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points of the panorama, the distribution function having a maximum divergence of at least 10% 

compared to a linear distribution function, such that the panoramic image obtained has at least 

one expanded zone and at least two compressed zones. 

39. (New) The method according to claim 38, wherein the objective lens has a non-

linear distribution function that is symmetrical relative to the optical axis of the objective lens, 

the position of an image point relative to the center of the image varying according to the field 

angle of the corresponding object point. 

40. (New) A method for displaying an initial panoramic image obtained in 

accordance with the method according to claim 38, the method for displaying comprising: 

correcting the non-linearity of the initial image, performed using a reciprocal function of the 

non-linear distribution function of the objective lens or using the non-linear distribution function. 

41. (New) The method according to claim 40, wherein the step of correcting 

comprises a step of transforming the initial image into a corrected digital image comprising a 

number of image points higher than the number of pixels that the image sensor comprises. 

42. (New) The method according to claim 41, further comprising: 

calculating the size of the corrected image, using the reciprocal function of the 

distribution function, so that the resolution of the corrected image is equivalent to the most 

expanded zone of the initial image, and 

scanning each image point of the corrected image, searching for the position of a twin 

point of the image point on the initial image and allocating the color of the twin point to the 

image point of the corrected image. 

43. (New) The method according to claim 41, wherein the initial image and the 

corrected image comprise an image disk. 
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44. (New) The method according to claim 41, further comprising: 

transferring the image points of the corrected image into a three-dimensional space, and 

presenting one sector of the three-dimensional image obtained on a display. 

45. (New) The method according to claim 40, further comprising: 

determining the color of image points of a display window, by projecting the image 

points of the display window onto the initial image using the non-linear distribution function, 

and 

allocating to each image point of the display window the color of an image point that is 

the closest on the initial image. 

46. (New) The method according to claim 45, wherein the projection of the image 

points of the display window onto the initial image comprises: 

projecting the image points of the display window onto a sphere or a sphere portion, 

determining the angle in relation to the center of the sphere or the sphere portion of each 

projected image point, and 

projecting onto the initial image each image point projected onto the sphere or the sphere 

portion, the projection being performed using the non-linear distribution function considering the 

field angle that each point to be projected has in relation to the center of the sphere or the sphere 

portion. 

47. (New) The method according to claim 38, wherein the objective lens compresses 

at least one zone near the center and at least one zone near the edge, and expands at least one 

intermediate zone of the image between the center and the edge of the image. 

48. (New) A method for capturing a digital panoramic image, by projecting a 

panorama onto an image sensor by means of a panoramic objective lens, the panoramic objective 

lens having an image point distribution function that is not linear relative to the field angle of 

object points of the panorama, the distribution function having a maximum divergence of at least 
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+/-10% compared to a linear distribution function, such that the panoramic image obtained has at 

least one expanded zone and at least one compressed zone, wherein the objective lens has a non

linear distribution function that is not symmetrical relative to the optical axis of the objective 

lens. 
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REMARKS 

Reexamination of claims 1-4, 6-7, 10-11, 15-20, 22-23, and25 ofU.S. Patent No. 

6,844,990 ("the '990 Patent") has been requested. By virtue of the present proposed amendment, 

claims 27-48 have been added. Claims 1, 6-7, and 22 have been cancelled. Claim 10 has been 

amended to clarify the invention. Claims 2-4 and 15 have been amended for formalities only. 

Status of Patent Claims pursuant to 37 C.F.R. § 1.530(e): 

1, 6-7, and 22 - cancelled; 

2-4, 10-11, 15-20, 23, and 25 - pending (reexamination requested); 

5, 8-9, 12-14, 21, 24, and 26 - not subject to reexamination; and 

27-48 - added (new). 

No new matter has been added by the claim amendments and the amendments do not 

enlarge the scope of the original claims. Claim 10 was amended solely to remove one of the 

alternatives for correcting the non-linearity of the initial image. Claims 2-4 and 15 were 

amended to depend from new claim 27. Support for the new claims is provided in the chart 

below: 

New Support Citations in '990 patent 
Claim 

27 Original claim 1; col. 12, ln. 59-col. 14, ln. 35 
28 Original claim 5 
29 Original claim 6 
30 Original claim 7 
31 Original claim 11 
32 Original claim 17; col. 12, ln. 59-col. 14, ln. 35; 

col. 16, ln. I-col. 17, ln.34; Figs. 15-16 
33 Original claim 2 
34 Original claim 3 
35 Original claim 4 
36 Original claim 5 
37 Original claim 7; col. 16, lns. 31-61 
38 Original claims 1 and 5; col. 9, ln. 53-col. 10, ln. 

5; Fig. 9 
39 Original claim 2 
40 Original claim 10 

10 

LGE Exhibit 1003 
LGE v. ImmerVision 

Page 349 of 356



Ex Parte Reexamination of U.S. Patent No. 6,844,990 
Proposed Amendment 

New Support Citations in '990 patent 
Claim 

41 Original claim 11 
42 Original claim 12 
43 Original claim 13 
44 Original claim 14 
45 Original claim 15 
46 Original claim 16 
47 Original claim 5 
48 Original claim 1; col. 18, lns. 17-28 

Accordingly, entry of the proposed amendments to the claims is respectfully requested. 

Claim 10 

Claim 10 has been amended to remove "or by means of the non-linear distribution 

function." Thus, the only method remaining in claim 10 for correcting the non-linearity of the 

initial image is "by means of a reciprocal function of the non-linear distribution function of the 

objective lens." As described below, claim 10, as amended, would not have been obvious over 

the combinations ofNagaoka and Shiota, Nagaoka and Matsui, and Baker and Shiota proposed 

in the reexamination request 

Neither Nagaoka nor Baker teaches a specific method for correcting the images captured 

by their respective panoramic lenses. Shiota discloses image correction through mapping of 

coordinates onto the image. The projection process includes the use of the non-linear 

distribution function of the lens to obtain certain coordinates. (Shiota at paras. [0001], [0022], 

[0028]-[0041]). However, in all instances, Shiota utilizes the non-linear distribution function 

itself, and does not teach the use of a reciprocal function of the non-linear distribution function 

as a way to correct the non-linearity of the initial image. 

Matsui similarly discloses image correction by virtue of using the distribution function h 

= g( ), which can be non-linear (see e.g., h = 2ftan( /2)), to calculate points Pl, P2 in projecting 

the image onto a cylindrical surface C. (Matsui at paragraphs [0023], [0025], [0030]-[0031]). 

Matsui, like Shiota, does not disclose using a reciprocal function of the non-linear distribution 

function to correct the original image. It has previously been suggested that paragraphs [0030]-

11 

LGE Exhibit 1003 
LGE v. ImmerVision 

Page 350 of 356



Ex Parte Reexamination of U.S. Patent No. 6,844,990 
Proposed Amendment 

[0031] of Matsui teach this feature, but this assertion is incorrect. These paragraphs teach the 

use of the inverse tangent function when is unknown. However, the distribution function itself 

is still used to obtain P 1 and P2, but with a formula substituted in for . (Matsui at paras. [0030]

[0031 ]). A reciprocal of g( ) is not taught by Matsui for use in image correction. 

When combining two or more references to establish a primafacie case of obviousness, 

the references together must teach or suggest all of the claim elements. In re Royka, 490 F .2d 

981, 985 (C.C.P.A. 1974). Furthermore, "[a]ll words in a claim must be considered in judging 

the patentability of that claim against the prior art." In re Wilson 424 F.2d 1382, 1385 (CCPA 

1970); M.P.E.P. § 2143.03. Accordingly, claim 10, as amended, would not have been obvious 

over any combination ofNagaoka and Shiota, Nagaoka and Matsui, or Baker and Shiota, 

because none of the combinations teaches or suggests correcting the non-linearity of the initial 

image by means of a reciprocal function of the non-linear distribution function of the objective 

lens. For at least this reason, Patent Owner submits that amended claim 10 is patentable over the 

cited references. 

New Claims 

Claims 27-48 are believed to be patentable over the references cited in the reexamination 

request for at least the following reasons. 

Claims 2-4. 15. 16. and 27-37 

Claim 27 recites that the non-linearity of the initial image is corrected by retrieving image 

points on the obtained image in a coordinate system of center O' using at least the non-linear 

distribution function and a size L of the obtained image. For example, the initial image may be 

in the form of an image disk having a size L, which may be provided in the number of pixels. 

Image points p (pu, pv) corresponding to image points E(i, j) of, for example, a display window, 

can be obtained using equations that multiply, among other things, the size of the image disk L 

with the non-linear distribution function at an angle D(e.g., pu = L *U*Fd(D) and pv = 

L *V*Fd(D)). Claim 32 contains a similar recitation. 
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The references all fail to teach or suggest this feature of claims 27 or 32. As described 

above with respect to claim 10, Nagaoka, Baker, and Fisher do not describe any specific method 

for correcting the image. As for Shiota, the second projection points p1 and q1 are obtained using 

a coefficient k2, which is equal to the distribution function divided by a distance r from the origin 

of the image disk to a point Q on the image disk. The coefficient k2 is then multiplied by 

corresponding coordinates X2, Y2 on a hemisphere. (Shiota at Fig. 1; paras. [0033]-[0041]). The 

size of the image disk is not utilized to correct the image. 

In Matsui, coordinates of a point Pl are obtained by multiplying the distribution function 

by cos D and sin D, where D represents an angle in the plane of the image disk of a point on the 

image disk. (Matsui at Figs 2-3; translation at paras. [0025], [0030]-[0031]). The size of the 

image disk is not taken into account for image correction. Enami also does not use the size of 

the image disk to correct the initial image. (Enami translation at paras. [0065]-[0074]). Inoue 

does not disclose any image correction techniques. 

None of the other references teaches the use of the size of the image disk in correcting the 

non-linearity of the initial image. Accordingly, claims 27 and 32 are believed to be patentable 

over the references cited in the reexamination request. Claims 28-31 are dependent on claim 27, 

and claims 33-37 are dependent on claim 32. Thus, claims 28-31 and 33-37 are believed to be 

patentable over the references cited in the reexamination request due at least to their dependence 

on claim 38. 

Moreover, based on the proposed amendments, claims 2-4 and 15-16 all depend from 

new claim 27, and are therefore believed to be patentable over the references cited in the 

reexamination request due at least to their dependence on claim 27. 

Claims 38-47 

Claim 38 recites that the panoramic image obtained using a panoramic objective lens has 

at least one expanded zone and at least two compressed zones. For example, Fig. 9 of the '990 

patent shows a non-linear distribution function having a compressed zone between 0° and 30°, an 
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expanded zone between 30° and 70°, and another compressed zone between 70° and 90°. None 

of the cited references discloses this feature. 

In Nagaoka, only two of the illustrated distribution functions have both an expanded zone 

and a compressed zone (h = 1.6f tan( /2) and h = 1.2f tan( /1.6)). (See Nagaoka at Figs. 3A, 

3B). This is demonstrated through the comparison of the slope at different angles compared with 

the linear distribution function (h = f ). That is, shallower slopes indicate compression and 

steeper slopes indicate expansion. None of the distribution functions shown in Nagaoka have 

two compressed zones in addition to an expanded zone. 

In Baker, no specific distribution function is given, but Baker's stated purpose is to 

compress the center of the image while expanding the periphery. (Baker at col. 8, lns. 32-62). 

Fig. 3BB shows only two zones in the image, one compressed (X') and the other expanded (Y'). 

Thus, Baker does not teach the image having at least two compressed zones in addition to an 

expanded zone. 

Fisher uses the distribution function ofH = sin113 
, which is plotted in Fig. 3 along with 

the linear distribution function. As can be seen from Fig. 3, Fisher's lens will create an expanded 

zone in the center, and one compressed zone starting at around 30° and extending to the edge. 

This is in accordance with Fisher's goal, which is to have objects near the optical axis of the lens 

occupy a disproportionately large area of the image sensor. (Fisher at col. 2, lns. 19-24). 

None of the other references teaches a distribution function that creates an image having 

at least two compressed zones and at least one expanded zone either. Accordingly, claim 38 is 

believed to be patentable over the references cited in the reexamination request. Claims 39-47 

are dependent on claim 38, and are also believed to be patentable over the references cited in the 

reexamination request due at least to their dependence on claim 3 8. 

Claim 48 

Claim 48 recites that the objective lens has a non-linear distribution function that is not 

symmetrical relative to the optical axis of the objective lens. That is, the position of an image 
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point may vary not only with the field angle of the corresponding object point relative to the 

optical axis, but also with the angle of the corresponding object point in the image plane. Thus, 

image points would not be distributed in concentric circles, as with symmetric distribution 

functions. 

None of the main references teaches a non-symmetrical distribution function. In 

N agaoka, for example, all of the images show concentric circular distributions of image points, 

indicating symmetric distribution functions. (Nagaoka at Figs. 4A-4D). Baker similarly shows a 

concentric circular distribution of image points. (Baker at Fig. 3BB). Fig. 4 of Fisher also 

implies that the variations in image height are due only to field angle. (Fisher at Fig. 4). None 

of the other references cited in the reexamination teaches or suggests a non-symmetrical 

distribution function either. Accordingly, claim 48 is believed to be patentable over the 

references cited in the reexamination request. 

Dated: November 26, 2014 Respectfully submitted, 

By /Stephen E. Murray/ 
Stephen E. Murray 
Registration No.: 63,206 
PANITCH SCHWARZE BELISARIO & NADEL LLP 
One Commerce Square 
2005 Market Street, Suite 2200 
Philadelphia, Pennsylvania 19103 
(215) 965-1307 
(215) 965-1331 (Fax) 
smurray@panitchlaw.com (E-Mail) 
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