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SUBMISSION TYPE: 

505549655 06/28/2019 

PATENT ASSIGNMENT COVER SHEET 

NEW ASSIGNMENT 

NATURE OF CONVEYANCE: SECURITY INTEREST 

CONVEYING PARTY DATA 

Name 

IMMERVISION INC. 

RECEIVING PARTY DATA 

Name: BRIDGING FINANCE INC. 

Street Address: 77 KING STREET WEST 

Internal Address: SUITE 2925 

City: TORONTO, ONTARIO 

State/Country: CANADA 

Postal Code: M5K 1K7 

PROPERTY NUMBERS Total: 18 

Property Type Number 

Application Number: 16432180 

Application Number: 16243492 

Application Number: 15384900 

Application Number: 15656647 

Application Number: 15656707 

Application Number: 15903872 

Application Number: 62859861 

Patent Number: 9930326 

Patent Number: 10204398 

PCT Number: IB1950169 

Patent Number: 6895180 

Patent Number: 6885817 

Patent Number: 6844990 

Patent Number: 6865028 

Patent Number: 8016426 

Application Number: 14668314 

Patent Number: 9299127 

Application Number: 14370268 

EPASID:PAT5596456 

Execution Date 

06/26/2019 



CORRESPONDENCE DATA 

Fax Number: 
Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent 
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail. 
Phone: 2159651330 
Email: abennett@panitchlaw.com 
Correspondent Name: JOHN D. SIMMONS 

Address Line 1: 2001 MARKET STREET STE 2800 
Address Line 4: PHILADELPHIA, PENNSYLVANIA 19103 

ATTORNEY DOCKET NUMBER: 688266.5002 

NAME OF SUBMITTER: JOHN D. SIMMONS 

SIGNATURE: /John D. Simmons/ 

DATE SIGNED: 06/28/2019 

This document serves as an Oath/Declaration (37 CFR 1.63). 

Total Attachments: 7 
source=Contract Confirmatory Security Agreement#page1 .tit 

source=Contract Confirmatory Security Agreement#page2.tif 
source=Contract Confirmatory Security Agreement#page3.tif 

source=Contract Confirmatory Security Agreement#page4.tif 
source=Contract Confirmatory Security Agreement#page5.tif 
source=Contract Confirmatory Security Agreement#page6.tif 

source=Contract Confirmatory Security Agreement#page7.tif 
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COI•{FffiMATORY SECURITY AGREEMENT (USPTO) - SIGNATURE PAGE 

IN \VITNESS WHE-REOF, the parties hereto have caused these prest-"Ilts to he executed 
aiHl. sealed instrument on June 26 • 2019. 

I.MMERV'ISION INC. 

Per; 

Name: 
Title: 

Pascale Nini 
President and CEO 



CONFIRMATORY SECURlTY AGREEMENT (lJSPTO) - SKiNATURE PAGE 

BRIDGING FINANCE INC. 
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LGEv. ImmerVision

Page 8 of 266



15. Dewarping Based on Context 
Segmentation Layers 

308470.00009:104794256. l 

June 11, 2019 

application 16/243,492 
PCT/IB2019/050169 

US provisional ay_pm,a.uvu 

62/859,861 



Case 1:18-cv-01630-LPS Document 3 Filed 10/19/18 Page 1 of 1 PagelD #: 39 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERJ\HNA TION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

[n Compliance with 35 l.LS.C § 290 and/or 15 U.S.C. § 1116 you are hereby advised tha1 a court action has been 

filed in the U.S. District Court United States District Court, District of Delaware on the following 

D Trademarks or ~ Patents. ( D the patent ac1ion involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
10/19/2018 United States District Court, District of Delaware 

PLAL.'\fTIFF DEFENDANT 

6115187 CANADA, INC., d/b/a IMMERVISION LG ELECTRONICS U.S.A., INC. and LG 
ELECTRONICS, INC. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 6,844,990 82 1/18/2005 lrnmervsion 

., 

3 

4 

5 

In the above-entitled case, the follmving patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

n Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 

2 

3 

4 

5 

[n the above ---entitled case. the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

I (BY) DEPUTY CLERK 

Copy 1-----llpon initiation or action, mail this copy to Director Copy 3-----l.J13on termirnltion oi' ad.ion, m:iii this copy to Director 
Copy 2-----Upon filing document adding patent(s), mail this copy to Director Copy 4-----Case file copy 



Case 1:18-cv-01631-LPS Document 3 Filed 10/19/18 Page 1 of 1 PagelD #: 39 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERJ\HNA TION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

[n Compliance with 35 l.LS.C § 290 and/or 15 U.S.C. § 1116 you are hereby advised tha1 a court action has been 

filed in the U.S. District Court United States District Court, District of Delaware on the following 

D Trademarks or ~ Patents. ( D the patent ac1ion involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
10/19/2018 United States District Court, District of Delaware 

PLAL.'\fTIFF DEFENDANT 

6115187 CANADA, INC., d/b/a IMMERVISION LG ELECTRONICS U.S.A., INC. and LG 
ELECTRONICS, INC. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 6,844,990 82 1/18/2005 lrnmervsion 

., 

3 

4 

5 

In the above-entitled case, the follmving patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

n Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 

2 

3 

4 

5 

[n the above ---entitled case. the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

I (BY) DEPUTY CLERK 

Copy 1-----llpon initiation or action, mail this copy to Director Copy 3-----l.J13on termirnltion oi' ad.ion, m:iii this copy to Director 
Copy 2-----Upon filing document adding patent(s), mail this copy to Director Copy 4-----Case file copy 



Case 1:16-cv-00002-SLR Document 10 Filed 08/03/16 Page 1 of 1 PagelD #: 213 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENTOR 

TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § l l 16 you are hereby advised that a court action has been 

filed in the U.S. District Cou1t District of Delaware on the following 
................... - .............. -·· .......... - ·····-- ----------------- - . .. -·····-········--··-··--··-····· 

D Trademarks or GZf Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. 
{(o -ru-<9-[L/Z 

DATE FILED U.S. DISTRICT COURT 
1/4/2016 District of Delaware 

PLAINTIFF DEFENDANT 

6115187 Canada, Inc., d/b/a lmmervision, Inc. Samsung Techwin America, Samsung Techwin Co., Ltd., 
and KLM Marketing, LLC 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I us 6,844,990 82 1/18/2005 6115187 Canada Inc. 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

D Amendment D Answer D Cross Bill D Other Pleading 

PATENT OR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I 

2 

3 

4 

5 

In the above--entitled case, the following decision has been rendered or judgement issued: 

DATE 

Copy 1-lJpon initiation of action, mail this copy to Director Copy 3--Upon termination of action, mail this copy to Director 
Copy 2-lJpon filing document adding patent(s), mail this copy to Director Copy 4--Case file copy 



Electronic Version v1 .1 
Stylesheet Version v1 .2 

SUBMISSION TYPE: 

503908534 07/11/2016 

PATENT ASSIGNMENT COVER SHEET 

NEW ASSIGNMENT 

NATURE OF CONVEYANCE: SECURITY INTEREST 

CONVEYING PARTY DATA 

Name 

IMMERVISION INC. 

RECEIVING PARTY DATA 

Name: ACG 360 L.P. 

Street Address: 426 SAINTE-HELENE STREET, SUITE 1 

City: MONTREAL 

State/Country: CANADA 

Postal Code: H2Y 2K7 

PROPERTY NUMBERS Total: 12 

Property Type Number 

Patent Number: 6895180 

Patent Number: 6885817 

Patent Number: 6844990 

Patent Number: 6865028 

Patent Number: 8016426 

Application Number: 14668314 

Patent Number: 9299127 

Application Number: 14370268 

Application Number: 62216105 

Application Number: 62387409 

Application Number: 62298795 

Application Number: 62295725 

CORRESPONDENCE DATA 

Fax Number: (312)876-7934 

EPASID:PAT3955186 

Execution Date 

07/06/2016 

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent 
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail. 
Phone: 312-876-8000 
Email: patents.us@dentons.com, dianetatiana.filatov@dentons.com 
Correspondent Name: DENTONS US LLP 

Address Line 1: P.O. BOX 061080 
Address Line 2: WACKER DRIVE STATION, WILLIS TOWER 



Address Line 4: CHICAGO, ILLINOIS 60606 

ATTORNEY DOCKET NUMBER: ACG360 R.TSIBULEVSKIY 

NAME OF SUBMITTER: ROMAN TSIBULEVSKIY 

SIGNATURE: /roman tsibulevskiy/ 

DATE SIGNED: 07/11/2016 

This document serves as an Oath/Declaration (37 CFR 1.63). 

Total Attachments: 4 
source=Notice of Security Interest in IP (USPTO) - ACG 360 and lmmerVision (2)#page1 .tit 

source=Notice of Security Interest in IP (USPTO) - ACG 360 and lmmerVision (2)#page2.tif 
source=Notice of Security Interest in IP (USPTO) - ACG 360 and lmmerVision (2)#page3.tif 

source=Notice of Security Interest in IP (USPTO) - ACG 360 and lmmerVision (2)#page4.tif 
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thf~ C~n:~d~tor . 
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(:c.H1\..-~H't1b}e L(:~:~n l~{~t(~{~trH:H;t of :_:~ny nfa~\/' nnn9 n'"1;~Hj~~ ln r\3~pt~ct of pl~tt~nts anr~ pat~:nt ~:~pp~h:~;t~tlons for tht~ 
r1,~~htr~f (w ,:~:-1y of Its ~~~rn;~~~h-~~~ h: thi~ Lh~~t~~t1 St~~tt~:-~~ t~~nd to prtJv·id~~ ~:H'(~/ reu~t~!~J dt~~cr~pt~on~ fiHng d~~t~~: pl~t~~nt 
nl~rnb~}r z)r i~ppHc-i~tlon rn,HT1tJi~H~, 

'TliE lJE8'!"()R h~~r~~by c~~ft!f;~1~~ th~~~t th::;? ~:~r(1n~H1·1~lnticnt~d !nf()fTn~~t~cn1 ~~~~ ~t r~~h~t~J~ h1 ttH:~ tJ~!:btor i~~ tn .. ~~ ilnd 
~!~ t~C. u f'(~ltt~ -
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ATTACHMENT 1 

UNITED STATES PATENTS AND PATENT APPUCAT!ONS 

or 

mithHccatr&b····· 
W6tt~tt~H< .... ·.·.· 

{~tip!J(?~tkitJ .· ·. . i 
tJtfft)Ji~rrr . I 

I t, Camera support device .. . ... ········ .. ! August 13, 2003 I 6,895, 180 I 
l••••••••••••'-"••••••••••••••••••'-'-nnnnnn,,nn••••••••••••""""""""""""""""""""""""""""""-""""""""""'"'"""'"'"'"'"'"'"'"'"'"'',',',',"'"'',',',',._._._..;;.-.-.-.-.-.-.-.-.-...,..,._._._._._._._._._._._._._._._._,.,, .................... '' • .-, .. • • •'' • • • • • • • • • • • • • • • •'''' • • • •' ,----------------------•, 

! 2. Method and device for orlentlng a digital j August 14, 2003 ! 6,885,817 ! 

l_"""""""~-~-'.~~::~ic i-~a-~_: ______________________________________________________________ ............. J .............. "'""-""""---,,,,,,,,,,,,,,,,_J,,,,,,,,,,,-_,, -"--"-"_"J 

__ 

3

: .... _t __ ~=~~~~o~~rd~;ii~~~~;o~:~ ~~~.~:~l~~---~--~~~~-~-~'.~---l·--------~-~~~e2~.~;~"~-~:"""_J"""""""~-:~~-~:-~-~-~------····-----
4. ! Method for capturing a panoramic image by ! January 20, 2004 ! 6,865,028 

1 means of an image sensor rectangu!ar in ! 1 

l shape ! I 
l ~ I 

i 5.. i Method and device for projecting a panoramic i February 27, 2008 I 8,016,426 I 
I i image with a variable resolution [ ! · 
L ...................... J .................................................................................................................... _ .. _____________________ .-.-.-.-._._ .... ---- .......... ---- .. ---------------.J ..... ____ ............................................... 1 .............................. - ................................. " ...... .. 
: 6. : Automated definition of svstem behavior or March 25, 2015 I 2015i0281507 I I user experi~nce by_:·ecording: sharin.g, a~d 1

1 
(14/668,314) 

: : processing mformauon associated with IA.nde- t 

\ 
1 angle image I 

i I 
I- .. -.-.---- .. ,- ----------------------------------------------------------··············· ...................................................... , ·"""""""""""""""'"'"'"'"'"'"'"'"'""""'"'"""'"' ................................................................... ~ ................................................................... ,, ............ -------------------. 

! 7. SpliWng of el!iptlcal images ! July 25, 20i3 ! 20·14/0085303 
! ! ! (i 3/950,559) 

l"" '""" """"" ----- ... -- . ------------------------------....................................................... -1 .............. ------'"""""""""""""""""J"""""""g, 299 I 127---------------
i 8, Panoramic camera i July 2, 2014 i 2014/0340473 Ai 
! ! ! (14/370,268) 
i 9. Method for designlng an optimization r September 9, 2015 I Unpublished 
! apparatus for a camera having a lens with ! ! provisional 
\ non-uniform parameters to be imaged as a \ \ (62/216, 105) 
! lens with uniform parameters : ! 

i i o. Miniature VVide~Angle lmagini{Lens f December 23, j -- Unpi:iG-iished ........... . 
! ____________ , ___ """-"""""""""··"----------.-.-.----------........ __ .......................................... __________________ :__ _____ """"----"·"--··-------- __________________ I_ ...... ______ provis.ional ............ .. 

/.>,!t;:icnrner.t I - Notice of Sec:m,ty ln!emst In lntBllectua! Property 
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Case 1:16-cv-00002-SLR Document 3 Filed 01/05/16 Page 1 of 1 PagelD #: 203 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERJ\HNA TION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

[n Compliance with 35 l.LS.C § 290 and/or 15 U.S.C. § 1116 you are hereby advised tha1 a court action has been 

filed in the U.S. District Court District of Delaware on the following 

D Trademarks or ~ Patents. ( D the patent ac1ion involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
1/4/2016 District of Delaware 

PLAL.'\fTIFF DEFENDANT 

6115187 Canada, Inc., d/b/a lrnmervision, Inc. Samsung Techwin America, Sarnsung Techwin Co., Ltd., 
and KLM Marketing, LLC 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l US 6,844,990 B2 1/18/2005 6115187 Canada Inc. 

., 

3 

4 

5 

In the above-entitled case, the follmving patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

n Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 

2 

3 

4 

5 

[n the above ---entitled case. the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

I (BY) DEPUTY CLERK 

Copy 1-----llpon initiation or action, mail this copy to Director Copy 3-----l.J13on termirnltion oi' ad.ion, m:iii this copy to Director 
Copy 2-----Upon filing document adding patent(s), mail this copy to Director Copy 4-----Case file copy 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,844,990 B2 
DATED : January 18, 2005 
INVENTOR(S) : Jean-Claude 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) e [(C~r2)/(l + V(l-(l+k)*C2*r2)] + A1r2 + A2r .. + A3r6 + A.r1 + 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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I HERE1¥*ERTIF¥.,.~AT THIS CORRESPONDENCE IS BEING DEPOSITED WITH THE UNITED STATES POSTAL 
SERVICE AS''F!Rt,ftLASS MAIL IN AN ENVELOPE ADDRESSED TO: ATTN: DECISION AND CERTIFICATE OF 
CORRECTION BRANCH OF THE PATENT ISSUE DIVISION, COMMISSIONER FOR PATENTS. P.O. BOX 1450, 
ALEXAND~122313-1450, ON THE DATE INDICATED BELOW. 

BY f/.-/fh,,. ~ DATE .1/q&.r 
PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re Patent of: Jean-Claude Artonne et al. 

Patent No.: 6,844,990 B2 

Appln. No.: 10/706,513 

Title: METHOD FOR CAPTURING AND 
DISPLAYING A VARIABLE 
RESOLUTION DIGIT AL 
PANORAMIC IMAGE 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 
ATTN: Decision and Certificate of 
Correction Branch of the Patent Issue Division 

Issue Date: January 18, 2005 

Filing Date: November 12, 2003 

Attorney Docket No.: 
10000-25 (100137 US/WO) 

REQUEST FOR CERTIFICATE OF CORRECTION OF PATENT 
FOR PTO MISTAKE (37 C.F.R. § 1.322(a)) 

Attached, in duplicate, is PTO/SB/44 (also Form PT0-1050), with at least one copy being 

suitable for printing. 

It is submitted that the U.S. Patent and Trademark Office is responsible for the errors since 

the noted errors to the specification appear correctly in the application as filed. Accordingly, no fee 

should be charged to the patentees or their assignee for the correction. 

Issuance of a Certificate of Correction is believed appropriate and is respectfully solicited. 



Please send the Certificate to the undersigned. 

MtdccL 17 :LIX)5 
(Date/ 

JDS/DCM 
Enclosures 

Respectfully submitted, 

Registration No. 52,225 
AKIN, GUMP, STRAUSS, HAUER & FELD, LLP 
One Commerce Square 
2005 Market Street - Suite 2200 
Philadelphia, PA 19103 
Telephone: (215) 965-1268 
Facsimile: (215) 965-1210 
E-Mail: jsimmons@akingump.com 

2 



(Also Form PT0-1050) 

UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 
PATENT NO : 6,844,990 B2 

DATED : January 18, 2005 

INVENTOR(S) : Jean-Claude Artonne et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent 
is hereby corrected as shown below: 

In the Specification: 

Column 2, line 34, "ax" should be replaced with -- a. --; 

Column 13, line 17 and column 14, line 65, "a" should be replaced with -- a.--; 

Column 16, line 62, the formula should read: 

-- z(r) = [(C*r2)/(1 + V(l-(l+k)*C2*r2)] + A1r2 + A2r4 + A3r6 + A4r8 + A5r10 --. 
I 

MAILING ADDRESS OF SENDER:John D. Simmons PATENT NO. 6,844,990 82 
Akin Gump Strauss Hauer & Feld, L.L.P. 
One Commerce Square, Suite 2200 No. of additional copies 

2005 Market Street 
Philadelphia, PA 19103 

P15/REV02 



or Eu. 
INSTRUCTION · onn should be ng the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed wh 
appropriate. All r correspondence incl ent, advance orders and notification of maintenance fees will be mailed to the current correspondence address 
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) 

000570 7590 09/14/2004 

AKIN GUMP STRAUSS HAUER & FELD L.L.P. 
ONE COMMERCE SQUARE 
2005 MARKET STREET, SUITE 2200 
PHILADELPHIA, PA 19103-7013 

12/08/2004 SDENBOB2 00000016 10706513 

01 FC:1501 
02 FC:1504 

1370.00 OP 
300.00 OP 

FILINGD 

Note: A certificate of mailing can only be used for domestic mailings of 
Fee(s) Transmittal. This certificate cannot be used for any other accompany 
papers. Each additional paper, such as an assi~ent or fonnal drawing, m 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the Un 
States Postal S'ervice with sufficient PQStage for first class mail in an envel 
addressed to the Mail Stop ISSUE FEE address above, or being facsim 

s itted to the USPTO 703 746-4000, on the date indicated berow. 

(Depositor's na 

(Signat 

(D 

CONFIRMATION NO. 

10/706,513 11/12/2003 Jean-Claude Artonne 10000-25US 8287 

TITLE OF INVENTION: METHOD FOR CAPTURING AND DISPLAYING A VARIABLE RESOLUTION DIGIT AL PAQ8W1Wie~WGE 

APPLN.TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOTAL FEE(S) DUE I 
nonprovisional NO $11>ltJ70 $300 $~#6 70 

EXAMINER ART UNIT 

SUGARMAN, SCOTT J 2873 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

CLASS-SUBCLASS 

359-725000 

2. For printing on the patent front page, list 

(1) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

DATE DUE 

12/14/2004 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

(2) the name of a single firm (having as a member a 2-~~~---~~-~-
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 3 
listed, no name will be printed. -----'----''--'--'+r.#--+---=::..=:::..<.--

3. ASSIGNEE NAME AND RESIDENCE DAT A TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. · 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

6115187 Canada Inc. Saint Laurent, Quebec, Canada I 
Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual ~ Corporation or other private group entity O Govemm 

4a. I!)P" following fee(s) are enclosed: 

~ssueFee 

~blication Fee (No small entity discount permitted) 

)fl Advance Order· # of Copies --~f~D------
5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b._f,¥ment ofFee(s): 
; 

.,,.tp A check in the amount of the fee(s) is enclosed. 

0 ayment by credit card. Fonn PT0-2038 is attached. t:i.n 
The Director is hereby authorized by charge the-r.e,lttil!Ped~llt!Jli';", """eri!ftM::e_R:~Yef~-:u1.. 

posit Account Number - (enclose an extra copy of this form . 

c) I ii (Id t!-c1(J. 
0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.27(g)(2). 

The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above. 
NOTE: The Issue Fee and Publication Fee (if requi ) will not be accepted from anyone other than the apphcant; a registered attorney or agent; or the assignee or other part 
interest as shown by the re ds f the ed Stat atent and Trademark Office. 

John~- SirtiMa11s 
This collection of rmation is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to proc 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, prepanng, 
subnutting the completed application form to the USPTO. Time will vary d!=pending upon the individual case. Any comments on the amount of time you reguire to comp 
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 
Box 1450, Alexandria, Virginia 22313-l<i50. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 14 
Alexandria, Virginia 2231J-1450. 
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. 

PTOL 85 (Rev 09/04) Approved for use through 04/30/2007 0MB 0651 0033 US Patent and Trademark Office; US DEPARTMENT OF COMMER 



REBY CERTIFY THAT THIS COR.R.ESPONDENCE IS BEING DEPOSITED WITH THE UNITED STATES POSTAL 
VICE AS FIRST CLASS MAIL IN AN ENVELOPE ADDRESSED TO: COMMISSIONER FOR PATENTS, P.O. BOX 

B:W, AL21:: 22 :'ji7; INDJC:::: BELOW p fo/oi 

In Re: 

MAIL STOP ISSUE FEE - DRAWINGS 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Patent Application of 
Jean-Claude Artonne et al. 

Attn: Official 
Draftsperson 

Group Art Unit 2873 
Conf. No.: 8287 

Appln. No. 

Filed: 

For: 

10/706,513 

November 12, 2003 

METHOD FOR CAPTURING AND 
DISPLAYING AV ARIABLE 
RSOLUTION DIGITAL PANORAMIC 
IMAGE 

Allowed September 14, 2004 

Attorney Docket 
No. 10000-25 (100137/US/WO) 

TRANSMITTAL OF FORMAL DRAWINGS 

In accordance with the Notice of Allowability accompanying the Notice of Allowance 

mailed September 14, 2004, enclosed is one (one) sheet of formal drawings, Figs. 5 through 7B, 

concerning the above-identified application. 

It is respectfully submitted that the enclosed copies of formal drawings place this 

application in condition to be issued, the issue fee being paid concurrently herewith. 

JDS:DCM 
Enclosures 

Respectfully submitted, 

Registration No. 52,225 
AKIN GUMP STRAUSS HAUER & FELD LLP 
One Commerce Square 
2005 Market Street, Suite 2200 
Philadelphia, PA 19103-7013 
Direct Dial: 215-965-1268 
Facsimile: 215-965-1210 
E-Mail: jsimmons@akingump.com 
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I 
UNITED STATES p A TENT AND TRADEMARK. OFFICE 

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

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

NOTICE OF ALLOWANCE AND FEE(S) DUE 

000570 7590 09/14/2004 

AKIN GUMP STRAUSS HAUER & FELD L.L.P. 
ONE COMMERCE SQUARE 
2005 MARK.ET STREET, SUITE 2200 
PHILADELPHIA, PA 19103-7013 

EXAMINER 

SUGARMAN, SCOTT J 

ART UNIT PAPER NUMBER 

2873 

DATE MAILED: 09/14/2004 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

10/706,513 11/12/2003 Jean-Claude Artonne 10000-25US 8287 

TITLE oF INVENTION: METHOD FOR CAPTURING AND DISPLAYING A VARIABLE RESOLUTION DIGITAL PAW8'lll.Wi~7MWGE 

APPLN.TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOT AL FEE(S) DUE DATE DUE 

nonprovisional NO $1330 $300 $1630 12/14/2004 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATEN 
PROSECUTION QN IHE. MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PA TENT RIGHT 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPO 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM TH 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. IH...__ 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOV 
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (0 
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WIL 
BE REGARDED AS ABANDONED. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 

A. If the status is the same, pay the TOTAL FEE(S) DUE shown 
above. 

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOT AL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is n 
claiming SMALL ENTITY status, check box 5a on Part B - Fee 
Transmittal and pay the PUBLICATION FEE (if required) and 1 
the ISSUE FEE shown above. 

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) w 
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should 
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should 
completed and an extra copy of the form should be submitted. 

Ill. All communications regarding this application must give the application number. Please direct all communications prior to issuance 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORT ANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 

Page 1 of 4 

PTOL 85 (Rev 09/04) Approved for use through 04/30/2007 



PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mill 

or.Ell 

Mail Stot> ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 
(703) 746-4000 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed wh 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) 

000570 7590 09/14/2004 

AKIN GUMP STRAUSS HAUER & FELD L.L.P. 
ONE COMMERCE SQUARE 
2005 MARKET STREET, SUITE 2200 
PHILADELPHIA, PA 19103-7013 

Note: A certificate of mailing can only be used for domestic mailings of 
Fee(s) Transmittal. This certificate cannot be used for any other accompany 
papers. Each additional paper, such as an assignment or formal drawing, m 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the Un 
States Postal Service with sufficient postage for first class mail in an envel 
addressed to the Mail Stop ISSUE FEE address above, or being facsim 
transmitted to the USPTO (703) 746-4000, on the date indicated below. 

(Deposito(s na 

(Signat 

(D 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

10/706,513 11/12/2003 Jean-Claude Artonne I0000-25US 
(100137/US/WO) 

TITLE OF INVENTION: METHOD FOR CAPTURING AND DISPLAYING A VARIABLE RESOLUTION DIGITAL PANORAMIC IMAGE 

APPLN.TYPE SMALL ENTITY ISSUE FEE 

nonprovisional NO $1330 

EXAMINER ART UNIT 

SUGARMAN, SCOTT J 2873 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR l.J63). 

PUBLICATION FEE TOT AL FEE(S) DUE 

$300 

CLASS-SUBCLASS 

359-725000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

$1630 

8287 

DATE DUE 

12/14/2004 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 

registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listeo, no name will be printed. 

2. ____________ _ 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

3 ____________ _ 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STA TE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Govemm 

4a. The following fee(s) are enclosed: 4b. Payment ofFee(s): 

0 Issue Fee O A check in the amount of the fee(s) is enclosed. 

0 Publication Fee (No small entity discount permitted) 0 Payment by credit card. Form PT0-2038 is attached. 

0 Advance Order - # of Copies O The Director is hereby authorized by charge the required fee(s), or credit any overpayment 
Deposit Account Number (enclose an extra copy ofth1s form). 

5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l .27(g)(2). 

The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above. 
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than tlie applicant; a registered attorney or agent; or the assignee or other part 
interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature _____________________ _ Date ________________ _ 

Typed or printed name ____________________ _ Registration No.--------------

This collection of information is required by 37 CFR 1.311. The information is reguired to obtain or retain a benefit by the public which is to file (and by the USPTO to proc 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, prepanng, 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you reguire to comp 
this form and/or suggestions for reducing this burden, should be sent to the Chieflnformation Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, 1' 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 14 
Alexandria, Virginia 22313-1450. 
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. 
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(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is O day(s). If the issue fee is paid on the date that is three months after t 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a ha 
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Notice of Allowability 

Application No. 

10/706,513 
Examiner 

Scott J. Sugarman 

Applicant(s) 

ARTONNE ET AL. 
Art Unit 

2873 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. D This communication is responsive to __ . 

2. ~ The allowed claim(s) is/are 1-26. 

3. ~ The drawings filed on 12 November 2003 are accepted by the Examiner. 

4. ~ Acknowledgment is made of a claim for foreign priority under 35 U.S. C. § 119(a)-( d) or (f). 

a) [8J All b) 0 Some* c) 0 None of the: 

1. [8J Certified copies of the priority documents have been received. 

2. 0 Certified copies of the priority documents have been received in Application No. __ . 

3. 0 Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)) . 

.. Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PT0-152) which gives reason(s) why the oath or declaration is deficient. 

6. ~ CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) 0 including changes required by the Notice of Draftsperson's Patent Drawing Review ( PT0-948) attached 

1) 0 hereto or 2) 0 to Paper No./Mail Date __ . 

(b) [8J including changes required by the attached Examiner's o en~1 c::l"I' Comment or in the Office action of 
Paper No./Mail Date herewith. 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

7. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. [8J Notice of References Cited (PT0-892) 

2. 0 Notice of Draftperson's Patent Drawing Review (PT0-948) 

3. [8J Information Disclosure Statements (PT0-1449 or PTO/SB/08), 
Paper No./Mail Date 11-12-03 

4. 0 Examiner's Comment Regarding Requirement for Deposit 

of Biological Material 

U.S. Patent and Trademark Office 

5. 0 Notice of Informal Patent Application (PT0-152) 

6. 0 Interview Summary (PT0-413), 
Paper No./Mail Date __ . 

7. [8J Examiner'sJl~e1.el111m1t/Comment 

8. [8J Examiner's Statement of Reasons for Allowance 

9. 0 Other __ . 

PTOL-37 (Rev. 1-04) Notice of Allowability Part of Paper No./Mail Date 200409 
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Receipt is acknowledged of papers submitted under 35 U.S.C. 119(a)-(d), which 

papers have been placed of record in the file. 

Examiner's Comments: Drawings 

Figure 5 should be designated by a legend such as --Prior Art- because only 

that which is old is illustrated. See MPEP § 608.02(g). Corrected drawings in 

compliance with 37 CFR 1.121 ( d) are required in reply to the Office action to avoid 

abandonment of the application. The replacement sheet(s) should be labeled 

"Replacement Sheet" in the page header (as per 37 CFR 1.121 (d)) so as not to obstruct 

any portion of the drawing figures. If the changes are not accepted by the examiner, the 

applicant will be notified and informed of any required corrective action in the next Office 

action. The objection to the drawings will not be held in abeyance. 

Allowable Subject Matter 

Claims 1-26 are allowed. 

The following is an examiner's statement of reasons for allowance: 

The prior art taken either singularly or in combination fails to anticipate or fairly 

suggest the limitations of the independent claims, in such a manner that a rejection 

under 35 U.S.C. 102 or 103 would be proper. The prior art fails to teach a combination 



Application/Control Number: 10/706,513 

Art Unit: 2873 

Page 3 

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. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Conclusion 

The prior art made of record and not relied upon is considered pertinent to 

applicant's disclosure. Charles (US 6,449,103) and (US 6,333,826) both teach a 

panoramic system, but do not teach the distinguishing limitations noted above. Note 

that Charles ('826) teaches that 11 

... expansion of the image can be accomplished by 

adding pixels which repeat or interpolate the data of those immediately surrounding 

them ... " and 11 
••• the expansion can be accompanied or replaced by progressive 

circumferential compression of the outer zones of the image ... " (col. 45, lines 49-53). 

However, this is not accomplished with a lens having the distinguishing features. 
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Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Scott J. Sugarman whose telephone number is 

(571 )272-2340. 

The fax phone number for the organization where this application or proceeding 

is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free) .. 

sjs 
September 3, 2004 
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DECLARATION AND POWER OF ATTORNEY 
(Related Application) 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to 

my name. 

I believe I am the original, first and sole inventor (if only one name is listed 

below) or an original, first and joint inventor (if plural names are listed below) of the subject 

matter which is claimed and for which a patent is sought on the invention entitled 

Method for capturing and displaying a variable-resolution digital panoramic image 

the specification of which is attached hereto and/or was filed on November 12, 2003 

as Application No. 10/706, 513 

I hereby state that I have reviewed and understand the contents of the 

above-identified specification, including the claims, as amended by any amendment referred 

to herein 

I acknowledge the duty to disclose information which is material to 

patentability in accordance with Title 37, Code of Federal Regulations, Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, 

Section l 19(a)-(d), of any foreign application(s) for patent or inventor's certificate listed 

below and have also identified below any foreign application for patent or inventor's 

certificate having a filing date before that of the application on which priority is claimed: 



FOREIGN PRIORITY APPLICATION(S) 

Priority claimed 
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(Number) (Country) (Day/Month/Year filed) 

(Number) (Country) (Day/month/year filed) 

Priority Claimed 
[] Yes [ J No. 

I hereby claim the benefit under Title 35, United States Code §119(e) of any 

United States provisional patent application(s) listed below and have also identified below 

any United States provisional patent application(s) having a filing date before that of the 

application on which priority is claimed. 

PROVISIONAL PRIORITY PATENT APPLICATION 

(Application No.) (Filing Date) 

(Application No.) (Filing Date) 

Priority Claimed 
[ J Yes [ J No 

Priority Claimed 
[ J Yes [ J No 

I hereby claim the benefit under Title 35, United States Codt::, Section 120, of 

any United States application(s) listed below and, insofar as the subject matter of each of the 

claims of .this application is not disclosed in the prior United States application or in the prior 

U.S. provisional application in the manner provided by the first paragraph of Title 35, United 

States Code, S~ction 112, I acknowledge the duty to disclose information material to 

patentability as defined in Title 37, Code of Federal Regulations, Section 1.56, which 

occurred between the filing date of the prior application and the national or PCT international 

filing date of this application: 
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PCT/FR02/01588 10/05/2002 Pending 
(Application Serial No.) (Filing Date) (Status) (patented, pending, abandoned) 

(Application Serial No.) (Filing Date) (Status) (patented, pending, abandoned) 

And I hereby appoint the registered attorneys and agents associated with 

AKIN, GUMP, STRAUSS, HAUER & FELD, L.L.P., Customer No. 000570, as my 

attorneys or agents with full power of substitution and revocation, to prosecute this 

application and to transact all business in the Patent and Trademark Office connected 

therewith. 

Address all correspondence to Customer No. 000570, namely, 

AKIN, GUMP, STRAUSS, HAUER & FELD, L.L.P., One Commerce Square, 

2005 Market Street, Suite 2200, Philadelphia, Pennsylvania 19103. Please direct 

all communications and telephone calls to 

(215) 965-

at 

I hereby declare that all statements made herein of my own knowledge are true 

and that all statements made on information and belief are believed to be true; and further that 

these statements were made with the knowledge that willful false statements and the like so 

made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 

United States Code and that such willful false statements may jeopardize the validity of the 

application or any patent issuing thereon 
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PROCEDE DE CAPTURE ET D'AFFICHAGE D'UNE IMAGE PANORAMIQUE 

NUMERIQUE A RESOLUTION VARIABLE 

La presente invention concerne l'obtention d'images 

panoramiques numeriques et l'affichage d'images panoramiques 

sur des ecrans d'ordinateurs. 

La figure 1 represente un dispositif classique 

5 permettant de realiser une image panorarnique numerique et de 

la presenter sur un ecran d'ordinateur. Le dispositif 

comprend un appareil de prise de vue nurnerique 1 equipe d'uh 

objectif panoramique 2 de type 11 fish-eye 11
, ayant un ang.le 

d'ouverture de l'ordre de 180°. L'appareil 1 est connect·~""a 
·" 

JO - un calculateur 5, par exemple un micro-ordinate~r, pou!:7u 

15 

d 'un ecran 6. La connexion au micro-ordinateur 5 peut et.:re 

permanente, par·exemple lorsque l 1 appareil lest une camera 

video numerique, au temporaire, par exernpl.e lorsque 

1.• appareil l est un appareil photographique numerique poufvu 

d' une: memoire d' images, la connexion etant alors faite d'.au 

moment ou des fichiers image doivent etre transferes dans~Je 
,.,_~,_~ . 

micro-ordinateur. 

La figure 2 represente schernatiquement 

image panoramique 3 obtenue au mo yen 

l I aspect d' une 

de 1 'obj ectif 

20. panoramique 2. L 'aspect rand de l 'image est caracteristique 

de la symetrie axiale des objectifs panoramiques et l'image 

presente des bards sombres 4 qui seront supprimes 

ulterieurernent. 

delivree par 

Cette image 

l'appareil 1 

panoramique 

sous forme 

numerique est 

d'un fichier 

25 informatique contenant des points image codes RVBA agences 

dans une table a deux dim~nsions, 11 R" et ant le pixel rouge 

d' un point image, "V" le pixel vert, "B II le pixel bleu, et 

"A" le parametre Alpha ou transparence, les parametres R, V, 

B, A etant generalement codes sous 8 bits. 

30 Le fichier image est transfere dans le micro-ordinateur 

5 qui transforme l' image initiale en une image numer,i-que a 

.. . : 
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trois dimensions, puis presente a l'utilisateur un secteur de 

l 1 image a trois dimensions dans une fenetre d' affichage 7 

occupant tout ou partie de l'ecran 6. 

La figure 3 illustre schematiquement des etapes 

5 classiques de transformation de 1 1 image panoramique a deux 

dimensions en une image panoramique offrant un effet de 

perspective realiste. Apres suppression des bords noirs de 

l'image, le micro-ordinateur dispose d'un ensemble de points 

image formant un disque image lO de centre O et d 1 axes OX et 

IO OY. Les points image du disque image sont transferes dans un 

espace a trois dimensions defini par un repere orthogonal 

d' axes o' X 'Y' z, · l 'axe O' z etant perpendiculaire au plan du 

disque image. Le transfert est assure par une fonction 

mathematique mise en oeuvre par un algorithme execute par le 

15 micro-ordinateur, et conduit a l'obtention d'un ensemble de 

points image references dans · le repere o I X' Y' z. Ces points 

image sont par exemple codes en coordonnees spheriques 

RVBA(<p,9), cp etant la latitude et O la longitude d'un point 

image, les angles cp et e etant codes sur 4 a 8 octets (norme 

20 IEEE). Ces points image forment une demi-sphere ll lorsque 

l'objectif panoramique utilise presente une ouverture de 

l80°, sinon une portion de demi-sphere. Le micro-ordinateur 

dispose ainsi d'une image virtuelle en forme de demi-sphere 

dont un secteur l2, correspondant a la fenetre d'affichage 7, 

25 est presente sur l' ecran · (fig. l} en considerant · que 

1 'observateur se trouve sur le point central O' du systeme ·. 

d'axes O'X'Y'Z, qui definit avec le centre 0" du secteur 

d'image l2, une direction 0'0" appelee "position du regard". 

Afin d'eviter que le secteur d'image affiche l2 

30 presente des deformations geometriques desagreables pour 

l'observateur, les objectifs panoramiques classiques doivent 

presenter une fonction de repartition des points image en 

fonction de l'angle de champ des points objet d'un panorama 

·qui soit la plus lineaire possible. Ainsi, si l'on considere 

35 deux points A', B' situes· sur un meme meridien de la demi

sphere ll, et les points correspondants A, B sur le disque 

image·lO, le rapport ·entre·les angles (A'O'Z) et (B'O!Z) doit 



1 er depot · 

3 

etre egal .. au rapport entre les distances OA et OB sur le 

disque image. 

En raison de cette propriete de linearite d'un objectif 

panoramique classique, des points image correspondant a des 

5 points objet ayant un angle de champ identique forment sur le 

disque image 10 des cercles concentriques ClO, C20. C_90, 

comme cela est represente en figure 4A. On designe 

classiquement par 11 angle de champ d'un point objet" l'angle 

que presente un rayon lumineux incident passant par le point 

10 objet considere et par le centre du panorama photographie, 

relativement a. l'axe optique de l'objectif. L'angle de champ 

d' un point obj et peut etre compris entre O et 90° pour un 

objectif ayant une ouverture de 180°. Ainsi, le cercle ClO 

est forme par les points image . correspondant a des. points 

15 objet ayant un angle de champ de 10°, le cercle C20 est forme 

par des points image correspondant a des points objet ay~it 

un angle de champ de 20°, etc., le cercle C90 etant forme·pqr 

les points image ._ayant un angle de champ. de 90°. 
,:· 

La figure 4B represente l'allure de la fonction de 

20 repartition Fdc d 1 un objectif panoramique classique, qui 

determine la distance relative dr d 1 un point image p~r 

rapport au centre du disque image en fonction de 1 'angl_e Be 

champ a. du point obj et correspondant. La distance relative /Jr 
est comprise entre. O et 1 et:, est egale a la distance du .point 

25 image par rapport au centre de l'image divisee par le rayon 

du disque image. La forme ideale de la fonction Fdc est - une 

droite de pente K: 

30 

dr = Fdc (a.) =Ka 

dans laquelle la constante R est egale a 0,111 degre·1 

(l/90°). 

Cette technique d 1 affichage sur un ecran d' ordinateur 

d' un secteur d' image nurnerique panoramique presente divers 

35 avantages, notarnment la possibilite 11 d 1 explorer 11 l'image 

panoramique en faisant glisser le secteur d'image presente ~ 

l'ecran vers la gauche, la droite, le haut ou le bas, ju~qu'a 

atteindre les limites de l'image panoramique. Cette technique 
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d'effectuer ·des· rotations completes de 

l' image lorsque deux images nurneriques complementaires ont 

ete prises et fournies au micro-ordinateur, ce dernier 

reconstituant alors une sphere panoramique complete par 

5 assemblage de deux demi-spheres. Un autre avantage offert par 

la presentation d' une image panoramique sur ecran est de 

permettre a l' observateur d' effectuer des grossissements ou 

zooms sur·des parties de l'image. Les zooms sont effectues de 

fa9on numerique, par ·retrecissement du secteur d'image 

10 affiche et dilatation de la repartition des points image sur 

les pixels de l'ecran. 

Divers exemples d' images panoramiques interacti ves 

· peuvent etre trouves sur le Web. On pourra notamment se 

reporter au site central "http://www.panoguide.com" ("the 

15 guide to panoramas and panoramic photography") qui donne un 

aper9u exhaustif de l'ensemble des produits a la disposition 

du public pour realiser de telles images. Des logiciels 

permettant de transformer des photographies panoramiques 

numeriques en images panorarniques interactives sont proposes 

20 au public sous forme de programmes telechargeables ou de CD

ROM disponibles dans le commerce. 

Malgre les divers avantages qu' off re cet te technique 

d I affichage d' images nurneriques, les grossissements 

numeriques presentent l I inconvenient d'etre limites par: la 

25 resolution du capteur d'image utilise lors de la prise 

d' image initiale et la resolution d' un capteur d' image est 

generalement tres inferieure a celle d'une photographie 

classique. Ainsi, lorsque le grossissement augmente, la 

granulosite de l'image apparait car on ·arrive aux limites de 

30 la resolution du capteur d' image. 

·Pour pallier,cet inconvenient, il est connu de proceder 

a des interpolations de pixels afin de retarder l'apparition 

des paves de couleur qui trahissent les limites de la 

resolutioh du capteur. Toutefois, cette methode ne fait 

35 qu' ameliorer l 'aspect du. secteur d' image. grossi et ne permet 

aucunement d' apporter un surcroit de definition. Une autre 

solution, evidente, est ·de prevoir un capteur d.'image 

presentant une resolution elevee, superieure a la resolution 
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necessaire pour la presentation d 'un secteur d' image sans 

grossissernent, de sorte qu 1 ~l reste une marge de definition 

pour les zooms. Cette solution est toutefois couteuse car le 

prix de revient d'un capteur d 1 image augmente rapidement avec 

le nombre de pixel par unite de surface. 

Afin d'ameliorer la qualite des 

certaines tentatives ont ete faites en 

grossissements, 

modifiant les 

proprietes optiques des objectifs panoramiques eux-memes. 

Ainsi, le brevet US 5710661 enseigne de capturer une image 

10 panorarnique avec deux objectifs imbriques grace a un jeu de 

miroirs. Un premier j eu de miroir permet d' of frir une vue 

d'ensemble, et un miroir central mobile permet d 1 offrir une 

vue eh detail sur une zone determinee du panoramique. 

Toutefois cette solution n' off re pas la meme souplesse que 

15 les zooms numeriques, notarnment lorsque l I image n I est pas 

affichee en temps reel, l'observateur n 1 ayant plus -Ja 

possibilite de choisir la portion d'image qu'il veut agrandjr 

une fois la photographie realisee~ • 

Ainsi, la presente invention vise un precede permetta~t 

20 de contourner les limites physiques des capteurs d'image et_ 

d'ameliorer la definition offerte par des grossissemen!,:s 

numeriques portant sur certaines · parties d' une im_§lge 

panoramique numerique, sans qu'il soit necessaire d'augmen~~r 

re nombre de pixels par unite de surface d'un capteur d'image 

25 ni de prevoir un systeme de grossissement optique imbrique· 

dans un objectif panoramique. 

Pour at teindre cet obj ectif, la presente invention se 

fonde sur la constatation selon laquelle, dans de nombreuses 

applications, seules certaines zones d'une image panoramique 

30 presentent un interet pratique et sont susceptibles d'etre 

dilatees par l 1 observateur au moyen d'un zoom numerique. 

Ainsi, dans des applications comme la videosurveillance, la 

videoconference, la visioconference, une earner?. panoramique 

peut etre installee contre un mur ou au plafond et l'on n'a 

35 generalement aucun interet a faire des grossissements sur les 

zones de l 1 image panoramique correspondant au mur ou au 

plafond. De meme, dans le cadre d'une videoconference faite 

au moyen d' une camera panoramique, la zone la plus 
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interessante est generalement situee a un endroit specifique 

qui est situe vers le centre de l'image (dans le cas d 1 une 

utilisation individuelle) ou sur les bords de l'image {dans 

le cas d'une utilisation collective ou visioconference}. Par 

5 ailleurs, dans le domaine·des loisirs, la plupart des images 

panoramiques comprennent des parties mains interessantes que 

d' autres, par exemple les parties representant le cieJ. ou un 

plafond, la partie la plus utile se trouvant generalement au 

voisinage du centre de l 1 image. 

10 Ainsi, la presente invention se base sur le postulat 

selon lequel une image panoramique presente des zones peu 

utiles qui peuvent souffrir une definition passable au profit 

d 1 autres zones de l 1 image. 

Sur le fondement de ce postulat, l'idee de la presente 

15 invention est de realiser des photographies panoramiques au 

moyen d'un objectif panoramique qui n'est pas lineaire, qui 

dilate certaines zones de l'image et comprime d'autres zones 

de l'image. L'effet technique obtenu est que les zones 

dilatees de l'image couvrent un nombre de pixels du ·capteur 

20' d' image plus important que si elles n' etaient pas dilatees, 

et beneficient par consequent d'une meilleure definition. -En 

choisissant un objectif assurant une dilatation des zones les 

plus utiles d'une image (qui dependent de l'application 

visee), on beneficie d'une excellente definition dans les ces 

25 zones et d'une definition mediocre dans les zones de moindre 

importance. 

Ainsi, la ·presente invention propose un precede de 

capture d' une image panoramique numerique, par projection 

d'un panorama sur un capteur d'image au moyen d'un objectif 

30 panoramique, dans lequel l'objectif panoramique presente une 

·fonction de repartition -de· points image qui n'est pas 

lineaire relati vement a· l 'angle de champ de points obj et du 

panorama, la fonction de repartition presentant une 

divergence maximale d'au mains ±10% par rapport a une 

35 fonction de repartition lineaire, de telle sorte que l'image 

panoramique obtenue presente au mains une zone sensiblement 

d1latee et au mains ·une' zone sensiblement · comprimee. 
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Selon un mode de realisation, l 'objectif presente une 

fonction de repartition non lineaire qui est symetrique 

relativement a l'axe optique de l'objectif, la position d'un 

point image relativement au centre de l'image etant fonction 

5 de l'angle de champ du point objet correspondant. 

10 

15 

20 

25 

Selan un mode de realisation, l'objectif dilate le 

centre de l'image et comprime les bords de l'image. 

Selon un mode de realisation, l'objectif dilate les 

bards de l'image et comprime le.centre de l'image. 

Selon un mode de realisation, 1 1 objectif comprime le 

centre .de l'image et les bords de l'image, et dilate une zone 

intermediaire de l 1 image se trouvant entre le centre et les 

bords de l'image. 

Selon un mode de realisation, 1 1 objectif comprend uri 

jeu de lentilles formant apodiseur. 

Selon un mode de realisation, le jeu de lent:illes 
--·-

formant apodiseur comprend au mains une lentille asphertgue. 

Selan un ·rn_ode de realisation, le j eu de lent.illes 

formant apodiseur comprend au mains une lentille diff~ac,tive. 

Selan un mode de reali·sation, 1 1 objectif comprend. un. 

je.u de miroirs '?omprenant au mains un miroir deformant. :. .. ~· 

La pr~se~te invention concerne egalement un pr?~ede 

d'affichage d'une image panoramique initiale obtenue 

conformement au proc~de decrit ci-dessus, comprenant- une 

etape de correction de la ~on-linearite. de l' image initiale, 

faite au moyen d 'une fonction reciproque de la fonction de 

repartition non lineaire de l'objectif ou au moyen de la 

fonction de repartition non lineaire. 

Selan un mode de realisation, l'etape de correction 

30 comprend une etape. de transformation de l I image initiale en 

une image nume~ique corrigee comprenant un nombre de points 

i!llage superieur au nornbre de pixels que comprend le capteur 

d'image. 

Selan un mode de realisation, le procede comprend . une 

35 etape de calcul, au rnoyen de la fonction. reciproque de la 

fonction de repartition, de la taille de l'image corrigee, de 

maniere que l'image corrigee .ait une resolution equivalente a 
la zone la plus dilatee de l' image initiale, et une etape 

.::=· ..... ~ .. -
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a parcourir chaque point image -de 1' image 

corrigee, a chercher la po~ition d'un point jumeau du point 

image sur l 1 image initiale et a attribuer la couleur du point 

jumeau au point image de l'image corrigee 

5 Selan un mode de realisation, l'image initiale et 

l'image corrigee comprennent un disque image. 

Selon un mode de realisation, le precede comprend une 

etape de transfert des points image de l'image corrigee dans 

un espace a trois dimensions et une etape de presentation sur 

IO un moyen d'affichage d'un secteur de l'image a trois 

dimensions obtenue. 

Selon un mode de realisation, le procede comprend une 

etape de determination de la couleur de points image d 'une 

fenetre d' affichage, par projection des points image de la 

15 fenetre d I affichage sur l' image initiale au moyen de la 

fonction de repartition non lineaire, et attribution a chaque 

point image de la fenetre d' affichage de la couleur d 'un 

point image le plus proche sur l'image initiale. 

20 

Selon un mode de realisation, la projection des points 

image de la 

comprend une 

fenetre 

etape de 

d'affichage sur l'image initiale 

projection des points image de la 

fenetre d'affichage sur une sphere ou une portion de sphere, 

une etape de determination de l'angle par rapport au centre 

de la sphere ou de la portion de sphere de chaque point image 

25 projete, et une etape de projection sur l'image initiale de 

chaque point image proj et.e sur la sphere ou la port.ion de 

sphere, la projection et.ant faite au moyen de la fonction de 

repartition non lineaire en considerant l'angle de champ que 

presente chaque point, a proj eter par rapport au centre de la 

30 sphere ou de la port.ion de sphere. 

La presente invention · concerne egalement un obj ectif 

panoramique comprenant des moyens optiques pour proj et.er un 

panorama dans un plan image de l'objectif, l'objectif 

panoramique presentant une fonction de repartition de points 

35 image qui n'est pas lineaire relativement a l'angle de champ 

de points objet du panorama, -la fonction de repartition 

presentant une divergence maximale d'au mains ±10% par 

rapport a une fonction de repartition lineaire, de telle 
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sorte qu'une image panoramique obtenue au moyen de l'objectif 

comprend au rnoins une zone sensiblement dilatee et _au moins 

une zone sensiblement comprimee. 

Selon un mode de realisation, l 'objectif panoramique 

5 presente une fonction de repartition non lineaire qui est 

symetrique relati vement a 1 'axe optique de l 'obj ectif, la 

position d' un point image relati v.ement au centre d I une image 

obtenue et ant fonction de 1' angle de champ du point obj et 

correspondant. 

10 . Selan un mode de realisation, 1 'obj ectif panoramique 

dilate le centre d 1 une image et comprime les bards de 

l'image. 

Selon un mode de realisation, 

dilate les bords d'une image et 

l 1 objectif panoramique 

comprime le centre de 

15 l' image .. 

20 

Selan un mode de realisation, 1 'obj ectif panoramique 
. ~ 

. comprime le centre d' une image et les bards de 1' image; let 

dilate une zone ip.termediaire de 1' image .. se trouvant entre. ,..le 

centre et les bards de l'im~ge. 

Selan un mode de realisation,. l' objectif panorarni9ue 

comprend un jeu de lentilles formant apodiseur. 

Selon un mode de realisation, le . j eu de lentilles. 
1 

formant apodiseur comprend au mains une lentille aspheriql..],~~-
. :,:;· 

Selon un mode de realisation, le jeu de lentilles 

25 formant apodiseur cornprend au mains une_lentille diffractive .. 

Selan un mode de realisation, l'objectif panoramique 

comprend des lentilles en polymethacrylat~. 

Selon un mode de realisation, l I object if panoramique 

cornprend un j eu de miroirs . comprenant au mo ins un miroir 

30 deforrnant. 

Ces objets, 

d'autres 

.detail 

de 

dans 

l'invention 

la 

la 

et 

caracteristiques et avantages ainsi que 

presente invention seront exposes plus en 

description suivante du procede selon 

d'exemptes de realisation d'objectifs 

35 panoramiques non, lineaires selon l' invention, faite a titre 

non lirnitatif en relation avec les figures jointes _parrni 

lesquelles : 

' ,· 
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la figure l precedemment decrite represente j un systeme 

d'affichage sur un ecran d'une image panoramique numerique, 

la figure 2 precedemment decrite represente une image 

panoramique avant son traitement par un ordinateur, 

5 la figure 3 precedemment decrite illustre un procede 

classique de transformation d' une image panoramique a deux 

dimensions en une image panoramique numerique a trois 

dimensions, 

les figures 4A et 4B precedemment decrites illustrent la 

IO linearite d'un objectif panoramique classique, 

les figures 5 et 6 illustrent un aspect du procede selon 

l'invention et representent respectivement une repartition de 

points image obtenue avec un objectif pa~oramique classique 

et· une repartition de points image obtenue avec un objectif 

15 panoramique non lineaire selon l'invention, 

- les figures 7A et 7B illustrent un premier exemple de non

linearite d'un objectif panoramique selon l'invention, 

la figure 8 illustre un second exemple de non-linearite 

d'un objectif panorarnique selon l'invention, 

20 - la figure 9 illustre un troisieme exemple de non-linearite 

d'un objectif panoramique selon l'invention, 

- la figure 10 represente un systeme d'affichage d'une image 

panoramique nurnerique au moyen duquel est mis en a:uvre un 

procede de correction selon l'invention de l'image 

25 · panoramique, 

la· figuie 11 illustre schematiq~ement un premier mode de 

realisation du procede de correction selon l'invention, 

la figure 12 est un organigramme decrivant un procede 

d' aff ichage d' une image panoramique incorporant le premier 

30 procede de correction selon l'invention, 

la figure l3 illustre schematiquement un second mode de 

realisation du procede de correction selon l'invention, 

la figure 14 est un organigramrne decrivant un procede 

d' affichage d' une · image panoramique incorporant le· second 

35 procede de correction selon l'invention, 

la figure 15 est une · vue en coupe d' un premier mode de 

realisation d'un objectif panoramique non lineaire selon 

l'invention, 



1 er depot 

11 

la figure 16 est une vue eclatee en coupe d' un systeme de 

lent.illes present dans l 'objectif panoramique de la figure 

15, 

- la figure 17 est une vue de profil d'une lentille presente 

5 dans l'objectif panoramique de la figure 15, et 

10 

15 

20 

- la figure 18 est le schema d 1 un second mode de realisation 

d'un objectif panoramique non lineaire selon l'invention. 

I - Description du procede selon l 1 invention 

I.1 - Compression/dilation d'une image initiale 

Principe general de l'invention 

La figure 5 represente schematiquement un systeme 

classique de prise de vues panorarniques, comprenant un 

object.if panoramique 15 d'axe optique OZ et un capteur 

d 1 image numerique 17 agence dans le plan image de l'objectif 

15. On considere ici quatre points objet a, b, c, d 

appartenant a un panorama PM se trouvant en face . ..,"' de 
T'' 

l'objectif et present.ant respectivement des angies 
>\., 

d' incidence al, a2,. -a2, -al. Comme cela a ete indique.,.. au 

·preambule, l'angle de champ d'un point.objet est.l 1 angle .que 

presente relativement a l 'axe optigue · OZ de l I object.if un 

rayon lumineux,incident passant par le point objet consi1ere 

et par le centre du panorama PM, repere par un point "P" .~ur 

la figure. Dans cet exemple, . l 'angle al est egal a deux fpis 
·-·~ 

i'angle a2. Sur le capteur d'image 17, des points image a 1 , 

25 b', c', d' correspondant aux points objet a, b, c, d se 

trouvent a des distances du centre de l'image egales 

respectivement a dl, d2, -d2, -dl. Comme la repartition des 

points image en fonction de l'angle de champ des points objet 

est lineaire avec un object.if panoramique ~lassique, les 

30 distances dl et d2 sont liees par la relation sµivante: 

dl/cn d2/a2 

L'angle al etant ici egal a 2a2, il vient que 

35 

dl 2d2 

·1--t 
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Comme cela est bien connu de l 1 homme de l 1 art, le terme 
11 linearite" designe ici un rapport de proportionnalite entre 

la distance d'un point image mesuree relativement au centre 

de l'image et l'angle de champ du point objet correspondant. 

5 La notion de 11 linearite 11 en matiere d 1 objectifs panoramiques 

est done differente de celle qui prevaut dans le domaine de 

l I optique paraxiale (au voisinage de l I axe optique) lorsque 

les conditions de Gaus·s sont remplies. 

La figure 6 represente un systeme de prise de vue du 

10 meme type que le precedent, mais dans lequel l 1 objectif 

panoramique classique 15 est remplace par un obj ectif 18 

selon l 1 invention, le capteur d'image 17 etant agence dans le 

plan image de l'objectif 15. On considere a nouveau la 

projection sur le capteur d'image 17 des points objet a, b, 

15 c, d presentant des angles d' incidence a.l, a.2, -a2 et -a.l 

relativement a l 'axe OZ de l 'objectif et au centre 11 p 11 du 

panorama. Sur le capteur d'image 17, les points image 

correspondants a", b", c 11
, d" se trouvent a des distances du 

centre de l' image respecti vement egales a dl' , d2 ' , -d2 1 
, 

20 -dl I 

Selan l' invention, l I obj ecti f · 18 presente une fonction 

de repartition des points image qui n'est pas lineaire et le 

rapport des distances dl', d2', -d2', -dl' n'est pas egale au 

rapport des angles d'incidence al, a2, -a2, -a.1. Sur 

25 l I exemple represente, la distance d2' est nettement 

superieure a dl'/2, de sorte que la partie centrale de 

l'image panoramique projetee sur le capteur d'image 17, qui 

correspond a un angle solide 2a2 centre sur l'axe optique OZ, 

occupe une surface plus importante sur le capteur d'image 17 

30 que la surface qu'elle occupe en figure 5- avec l'objectif. 

panoramique classique (zone hachuree}. Cette partie centrale 

de 1 'image panoramique est ainsi proj etee sur le capteur 

d' image avec dilatation de sa surface, par rapport a la 

surface qu 1 elle occuperait si ·l 'obj ectif etait linaire. Il en 

35 resulte que le nombre de pixel du capteur d'irnage couvert par 

cet te partie de l' image est · plus important que dans · l 'art 

anterieur et que. la ·definition obtenue est··. ameli9ree. En 

contrepartie, la partie de l'image delimi~ee par deux cercles 
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passant respecti vement par les points a 11
, d" et par les 

points· b", c" est comprimee relativement a la partie 

correspondante en figure 5, et la definition sur les· bords de 

1' image est inferieure a celle que 1 'on obtient avec un 

5 objectif lineaire classique, au benefice de la partie 

centrale de l'image. 

En appliquant ce principe selon l'invention, qui 

consiste a dilater une partie . de 1' image et compresser une 

autre partie de l'image, il vient.que l'on peut choisir la 

10 partie a di later et la partie a compresser en f onction de 

l'application visee, en realisant plusieurs types d'objectifs 

non lineaires et en choisissant un objectif convenant a 
l'application visee. Selon l'application visee, la partie la 

·plus utile d 1 une image panoramique peut se trouver au centre 

15 de 1' image, en bordure de l' image, dans une zone. 

intermediaire si tuee entre le centre et le bord de 1' ima;giE=, 

20 

25 

etc. .,.'~ 

Exemples de ·fonctions de repartition selon l 'inventio!;:l· 

Les figures 7A et 7B, 8 et 9 illustrent tro.is exempl·es 

de fonctions de repartition non linaires selon l'invention. 

La fonction de repartition illustree sur les figures~7A 

et 7B correspond a l 'exemple de la figure 6, a savoir '!';:'un 

6bjectif panoramique assurant une dilatation de l 'image;~~;au 

centre. La · figure 7A represente des cercles concentriques 

equidistants ClO, C20. C90 presents sur un disque image, 

chaque cercle etant forme par des points image correspondant 

a des points objet ayant le meme angle de champ. Le cercle 

ClO est forme par les points image correspondant a des points 

objet ayant un angle de champ de 10°, le cercle C20 est forme 

30 - par des points image correspondant a des points obj et ayant 

un angle de champ de 20°, etc.. En comparant la figure 7A 

avec la figure 4A decrite au preambule, il apparait que les 

cercles ClO et C20 sont plus eloignes du centre de l'image et 

plus eloignes 1 1 un de l 'autre que les cercles ClO et C20 

35 obtenus avec un obj ectif classique, tandis que les cercles 

C30 a C90 sont plus proches les uns des autres. Une tel le 

image panorarnique presente ainsi .une zone dilatee au centre 

et une zone comprimee en bordure du disque image. 
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La figure 4B represente la courbe de la ·fonction de 

repartition Fdl correspondante. La fonction de repartition 

lineaire classique, d'expression Fdc = Ka et en forme de 

droite de pente K, est egalement representee en tant que 

5 point de repere (la constante K etant egale a 1/90 pour ·un 

objectif ayant une ouverture de 180°, soit une pente de 0,111 

degn~- 1
). L'angle de champ a des points objet est represente 

en abscisse et est compris entre O et 90°. La distance 

relative dr d'un point image par rapport au centre du disque 

10 image est representee sur l 1 axe des ordonnees et est comprise 

entre O et 1. On voit que la courbe de la fonction Fdl 

presente une pente plus forte que la droi te Fdc ·pour des 

angles a compris entre O et 20°, puis une pente plus faible 

au-dela des 20° et jusqu'a 90°. Une forte pente signifie une 

15 dilatation de l'irnage et une faible pente signifie une 

compression de l'image. 

Il apparait sur cet exemple que la courbe Fdl presente 

un point de divergence maxi male Pd a J:·' angle a = 2 O O • On 

·entend par "point de divergence maxi male II le point image 

20 Pd(a) ou l 1 on observe le plus grand ecart en distance 

relative dr par rapport a un point correspondant Pdl (a) sur· 

la droite de repartition linaire Ka. Dans cet exemple, le 

point Pd(a=20°) presente une distance relative dr egale a 0,5 

relativement au centre de l'image tandis que le point 

25 correspondant Pdl(a=20°) sur la courbe linaire Fdc presente 

une distance relative dr de 0, 222. La divergence maximale 

DIVmax de la fonction de repartition Fdl selon l' invention 

peut etre calculee par une formule du type 

30 DIVmax% [[dr(Pd) - dr(Pdl)]/[dr(Pdl)]]*lOO 

soit· 

DIVmax% [[dr(Pd) - K*a(Pd}]/[K*a(Pd)]]*lOO 

Dans·laquelle dr(Pd) est la distance relative par rapport au 

35 centre du point de divergence maximale Pd, dr(Pdl) est la 

distance relative par rapport au centre du· point 

correspondant sur la droite de repartition lineaire Fdc, 
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a(Pd) etant l'abscisse du point Pd soit l'angle de champ du 

point objet correspondant. 

Dans l 'exemple considere ici, la divergence maxima le 

est done egale a +125%. Cette valeur de divergence maximale 

selon l' invention est nettement superieure 

erreurs de conception eventuelles ou 

a celle due 

aux erreurs 

aux 

de 

fabrication d'un objectif panoramique classique, qui est de 

quelques pour-cent. De fa9on generale, un objectif non 

lineaire selon l I invention presente une divergence maxirnale 

10 de l'ordre de l~% au mains, pour obtenir une dilatation des 

parties utiles de l'image qui se traduise _par un net 

accroissement du nornbre de pixels du capteur d'irnage couvert 

par les parties utiles et une amelioration sensible de la 

.definition obtenue. 

15 

20 

25. 

30 

On definit egalement, selon l'invention, un taux rnoyen 

de dilatation/ compression TX d' une partie de l' image compri_se 
i.c~ "'· 

entre deux cercles passant par des points Pdl et Pd2. Ce t~~ux 

moyen qe dilataj.:ion/ compression_ TX est le rapport entre.:.. la 

surface delirnitee par les deux cercles passant par les points 

Pdl, · Pd2 et la surface delimi tee par deux cercles . passant p_ar 

des . points Pdll, Pdl2 .de merne abscisse appartenant a ... la 

fonction de repartition lineaire Fdc. Le taux TX peut et-re 

determine par une formule du type :::::..;· 

TX [dr(Pdl) 2 - dr(Pd2) 2 ] / [ ( dr ( Pdl 1) ) 2 - {dr{Pdl2) )_ 2
] 

soit 

TX [dr(Pdl) 2 - dr(Pd2) 2 ] / [ K2 
[ ( a ( Pd l } ) 2 - ( a ( Pd2 ) ) 2 

] ] 

Un taux TX superieur a l indique une dilatation de la 

p~rtie .d'irnage consideree tandis qu'un taux TX inferieur a 1 

indique une compression de la partie d'image consideree. Dans 

l 'exemple de fonction Fdl considere ici, le taux rnoyen de 

35 dilatation/compression TX de la partie _ centrale de l' image,, 

delimitee par le cercle C20, est egal a 5,07, soit une 

_dilatation moyenne par un facteur 5 de la partie centrale de 

l'image et par consequent une amelioration de 500% de la 

... ·, 

1 
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definition obtenue pour un nombre de pixels constant du 

capteur d'image. 

La figure 8 represente un autre exemple de fonction de 

repartition Fd2 selon l'invention, presentant ici un point de 

5 divergence maximale Pd a l 'angle a=70°, ayant une distance 

relative par rapport au centre de l'image de 0,3. La 

divergence maximale de la courbe Fd2 est ici de -61,4 %, et 

le taux moyen de dilatation/compression 

centrale de l'image delimitee par le 

TX de la part ie 

cercle C70 {non 

10 represente) est de 0,15, soit une compression moyenne par un 

facteur de 0,15 de la partie centrale de l'image. La partie 

d{latee de l'image se trouve ainsi ici sur le bord de 

l'image, entre le cercle C7D et le cercle C90, et presente un 

taux moyen de dilatation/compression de 2,3. Ainsi, un disque 

15 image obtenu avec un objectif panoramique ayant une fonction 

de repartition conforme a la fonction Fd2, presente une zone 

a haute definition sur ses bords, se pretant bien aux 

grossissements numeriques, et une zone ·a faible definition 

dans sa partie centrale. 

20 La figure 9 represente un troisieme exemple de fonction 

de repartition Fd3 selon l'invention, presentant un premier 

point de divergence maximale Pdl {a=30°, dr=0,1) et un second 

point de divergence rnaximale Pd2 (a=70°, dr=0,9) On observe 

done deux divergences maximales, l 'une negative et egale a 
25 -70%, l 1 autre positive et egale a 15,8%. On observe egalement 

une zone d'image cornprimee entre le centre ode l'image et le 

cercle C30 passant par le point Pdl, une zone d'image dilatee 

entre le cercle C30 et le cercle C70 passant par le point 

Pd2, et une zone d' image comprimee entre le ce'rcle C70 et le 

30 cercle C90 formant le bord du disque image. Les taux moyens 

de dilatation/compression TX(O,C30}, · TX(C30, C70), TX(C70, 

C90) - pour chacune de ces zones sont respectivement egaux 

a 0,09, 1,6 et 0,48. Un disque image obtenu avec un objectif 

panoramique ayant une fonction de repartition conforme a la 

35 fonction Fd3, presente dans sa partie intermediaire une zone 

a haute definition, se pretant bien aux grossissements 

numeriques, et deux zones a faible definition dans sa partie 

centrale et sur ses bords. 
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I.2 Correction de la non-linearite de l 1 image 

initiale 

On a decri t dans ce qui precede un premier aspect de 

l'invention, selon lequel on prevoit une repartition non 

5 lineaire de points image sur une image numerique afin 

d'ameliorer la definition de l'image dans des zones dilatees, 

par augmentation du nombre de pixels du capteur d'image 

couvert par les zones dilatees. Avant de decrire des exemples 

de realisation d '. obj ectif s panoramiques non lineaires selon 

IO l'invention, on decrira un deuxieme aspect de l'invention qui 

consiste a corriger la non-linearite du disque image obtenu 

afin de presenter a 1 'observateur une image depourvue de 

deformation optique. 

Ce deuxieme aspect de 1' invention est mis en ceuvre au 

15 stade du traitement par ordinateur de l'image initiale, pour 

20 

la presentation d 'une image panoramique interactive sur .. ·Un 
·.e: 

ecran. Les moyens demise 

sont illustres ~n figure 

distingue un appareil de 

en ceuvre du procede de l'invention 
f ~ 

10 et sont en soi classiques. On 

prise de vue numerique 20 equipe 

d'un objectif panoramique non .lineaire 21 

micro-ordinateur 22 comprenant un ecran 

et connecte a un 

23. Les images 

sont numeriques IMi prises au moyen de l'appareil 20 
" transferees au micro-ordinateur pour etre traitees .et 

··=t-': 

affichees sur l'ecran 23, dans une fenetre d'affichage 24 .. Un 

25 · programme de traitement comprenant un algorithme de 

transformation et d' affichage des images est prealablement 

charge dans le micro-ordinateur, par exemple au moyen d' un 

CD-ROM 25 ou par telechargement via le reseau Internet. 

L'appareil 20 peut etre un appareil photographique numerique 

30 ou une camera video numerique et la . connexion au micro

ordinateur peu etre permanente ou non. Dans le cas d • une 

camera video, le micro-ordinateur rec;oit un flux d 1 images 

qu'il traite en temps reel pour les afficher sur l'ecran. 

35 

Dans ce contexte, le procede de correction selon 

l'invention 

realisation. 

peut etre execute selon deux modes de 

Un premier mode de realisation consiste a 
effectuer une correction de l'image initiale au moyen d'une 

fonction Fd- 1 qui est· la fonction reciproque de la fqnction 
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selori l'invention. La fonction de 

repartition Fd etant connue et deterrninee au moment de la 

conception de l'objectif non lineaire, il est aise d'en 

deduire la fonction reciproque Fd- 1
• Cette etape de 

5 correction permet d'obtenir une image corrigee dans laquelle 

les non linearites dues a l'objectif selon l'invention sont 

supprimees. L' image corrigee est eq1.1i valente a une image 

prise au moyen d I un objectif panoramique classique et peut 

ensuite etre traitee par tout logiciel d'affichage classique 

10 disponible <;ians le commerce, prevu pour transferer les points·· 

image d'un disque image dans un espace a trois dimensions et 

pour proceder a l'affichage interactif d'un secteur de 

l 1 image obtenue. 

La seconde variante du procede consiste .a faire 

15 intervenir la fonction de repartition Fd dans un algorithme 

d'affichage d'image travaillant a rebours, c'est-a-dire 

definissant en temps reel la couleur des pixels d'une fenetre 

d'affichage a partir des points image du-disque image. 

20 

Premier mode de realisation du precede de correction 

La figure 11 illustre le premier mode de realisation du 

procede selon l' invention. On suppose ici que 1 'on dispose 

d' une image initiale Imgl comportant un disque image non 

lineaire IDl de rayon Rl, ayant par exemple une zone de 

dilatation au centre (cercles ClO et C20) On transforme 

25 l'image initiale Imgl en une image corrigee Irng2 comportant 

un disque image lineaire ID2 de .rayon R2. Le rayon R2 du 

disque image ID2 est superieur au rayon Rl du disque image 

initial IDl et le disque image ID2 presente une resolution 

egale ou sensiblement egale a la re·solution offerte par '·la 

30 zone du disque image Imgl ou se trouve la plus grande densite 

d 1 inforrnation (soit la zone· ou l'image est la plus dilatee). 

Il s 1 agit ici de la partie centrale de l'image delimitee par 

le cercle C2 O. 

Les 

35 sui vantes 

principal es etapes de ce ·prcicede sont les 

on calcule dans un premier temps, au moyen de la fonction 

reciproque Fd- 1
, la taille R2 du disque image· linearise ID2 

en considerant sur le disque image initial IDl l' endroit ou 

.• ) 
~ 'l. 
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l'image est la plus dilatee, de maniere que l'image corrigee 

Img2 ait une resolution egale ou sensiblement egale a la 

resolution offerte par la zone de l'irnage Imgl ou se trouve 

la plus grande densite d'inforrnation, 

5 on parcourt ensui te chaque pixel de l' image a calculer 

Img2, et on cherche la position de son point j_umeau sur 

l'image Imgl, puis 

- on affecte au point de la nouvelle image Img2 la couleur du 

point correspondant sur l'image initiale Imgl. 

10 Ce precede est mis en oeuvre au moyen d' un algorithme 

15 

20 

decrit ci-apres (algorithme l)' dans lequel 

- A est l'angle d'ouverture de l'objectif, 

- Dest la distance d'un point image relativement au centre 

du disque image initial IDl, 

- Rl est la taille en pixels du rayon du disque image initial 

IDl (soit le nombre de pixels entre le centre et le bor.d_.:...du 

disque image) et 

R2 est la t_?!,ille en pixels du . rayon du disque 

linearise ID2, 

- I et J sont les coordonnees d'un 

d'arrivee, le point de coordonnees 

l'image, 

- U et V sont les coordonnees d'un 

de depart, le-point de coordonnees 

point 

( 0 / 0) 

point 

( 0, 0) 

image 

etant 

jumeau 

etant 

dans l'image 

au centre,de 

, .. 

dans l' im.age 
.•.• ::.z.. 

au centre de 

25 1' image, 

"Angle courant 11 et "Angle_precedent" sont des parametres 

iteratifs 

- DAM est la difference angulaire minimale entre deux points 

obj ets correspondants. a deux points image adj acents sur le 

30 disque image initial IDl _(soit la resolution maximale du 

disque image IDl exprimee en difference d'angle). 

Algorithme l: 

[recherche de DAM] 

35 1./ DAM = A/2 

2/ Angle_courant 0 

3/ Pour D =la Rl [avec des increments de l] 

4/ Angle_precedent = Angle_courant 

--: ... 
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5/ Angle_courant = Fd- 1 (D/Rl) 

6/ Si DAM> (Angle_courant - Angle_precedent) alors 

7/ DAM= (Angle_courant - Angle_precedent) 

8/ Fin si 

5 9/ Fin pour 

·[determination du rayon R2 du disque ID2] 

10/ R2 ~ (A/2)/DA:M 

[calcul de la nouvelle image] 

[parcours de chaque pixel de l'image a calculer Img2] 

IO ll/ Pour I =-R2 a +R2 {avec un increment de 1] 

12/ Pour J =-R2 a +R2 [avec un increment de l] 

[recherche des coordonnees polaires (R', BJ du point jumeau 

sur l'image Imgl a partir des coordonnees (R,B) du point de 

l'image Img2] 

15 13/ R = --J(I 2 +J2) 

20 

25 

14/ · Si R < R2 alors 

15/ Si J < O alors 

16/ e arc cosinus(I/R) 

17/ 

18/ 

19/ 

Sinon 

e 
Fin si 

-arc cosinus(I/R) 

[conversion du rayon R pour trouver le rayon R'] 

20/ R'=R*Rl/R2 

[retour aux coordonnees cartesiennes J 
21/ 

22/ 

u 
V 

R' *cos (9) 

R' *sin(9) 

[affectat'ion de 1-a coul.eur du point] 

23/ Img2(I,J] = Imgl(U,V] 

24/ Sinon 

30 [attribution de la couleur noire aux points en dehors du 

disque image} 

25/ 

26/ 

Img2[I,J] = Noir 

Fin si 

27/ Fin pour 

35· 2 8 / Fin pour 

On notera que l 'etape 14 permet d' eviter de calculer 

tous les points situes en dehors du di.sque image (on se 
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trouve a l 1 exterieur du disque image quand R > R2). D'autre 

part, l'algorithme 1 peut etre ameliore en effectuant a 

posteriori une interpolation bilineaire sur l'irnage Irng2, en 

soi bien connue de l'homme de l'art, afin de lisser l'image 

5 finale. 

La figure 12 est un organigrarnme donnant un aperGU 

general des etapes d 1 un procede de capture et de presentation 

interactive d'une image panorarnique sur un ecran. Cet 

organigramme est decrit par le tableau 1 figurant en Annexe, 

IO faisant partie integrante de la description. Les etapes Sl et 

S2, respectivement d'acquisition de l'image et de transfert 

de l 'image dans un calculateur, sont en soi classiques. 

L' etape de linearisation du disque image S3 est executee 

conformement au procede de l'invention, par exemple au moyen 

15 de l'algorithme decrit ci-dessus. L'etape S4, dite de 
11 numerisation 11

, est egalement classique. Cette etape consi.$te 
:.1'_ 

a transf erer les points image du disque image corrige I~g2 

dans un espace a trois dimensions d 1 axes Oxyz dans lequel les 

points image sont par exemple references en coordonnees 

20 spheriques. L'etape S5 est egalement classique, et consiste. a 
afficher sur un ecran un secteur de l'image a trois 

dimensions appele fenetre d'affichage. La fenetre d'affichage 
_ .... 

est deplacee vers le haut ou vers le bas en fonction des 

actions de l'utilisateur, ou fait l'objet d 1 un grossissement 

25 sur demande de 1 'utilisateur. Lars d' un grossissement, on 

beneficie d'une meilleure definition que dans l'art anterieur 

dans les zones correspondant aux parties dilatees de l'image 

initiale. 

Second mode de realisation du procede de correction 

30 Le deuxieme mode de . realisation du procede de 

correction selon l 1 invention est illustre en figure 13. De 

faGon schematique, ce proceq.e consiste a proj eter sur le 

disque image ID1 de l'image initiale Imgl les points image 

d'un secteur d 1 image correspondant a une fenetre d'affichage 

35 DW. Ce procede ne necessite pas le calcul d'un disque image 

corrige, contrairement au mode de realisation precedent. 

Les points image de la fenetre d 1 affichage DW sont 

references E(i,j} dans le repere de la fenetre d'affichage, 
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coordonnees de lignes i_ et en coordonnees de 

Les points E(i,j) sont tout d 1 abord projetes sur 

une portion de sphere HS de centre O et d'axes OX, OY, OZ, 

pour obtenir des points image P(px, py, pz) appartenant a la 

5 portion de sphere. Cette portion de sphere couvre un. angle 

solide qui correspond a l'ouverture de l'objectif utilise. On 

a. considere jusqu'·a present l'exemple d'un objectif 

panoramique ayant une ouverture de 180° et la portion de 

sphere-HS consideree iciest done une demi-sphere. Les points 

10 image P ainsi determines sont ensuite projetes sur le disque 

image Imgl au moyen de la fonction de repartition non 

line§aire Fd selon l I invention, ce qui necessite le calcul 

prealable de l'angle de champ a des points P par rapport au 

centre Ode la semi-sphere. Le centre Ode la demi-sphere est 

15 1' equivalent· virtuel du centre "p" du panorama, ayant servi 

de reference, dans ce qui precede, pour determiner les angles 

d'incidence a des points objet et l'allure de la fonction Fd. 

La projection des points image P sur le disque image IDl 

perrnet d I obtenir des points image p (pu, pv) sur le disque 

20 image, dans un repere de centre O' (correspondant au centre 

du disque image) et d I axes O' U et o 'V. L I axe oz dans le 

referentiel de la demi-sphere HS est perpendiculaire au plan 

- du disque image IDl et passe par le centre O' du disque 

image, de sorte que les axes O'Z et OZ sont confondus. 

25 Comme cela apparaitra clairement a l'homme de l'art, la 

correction de la non-linearite du disque image est implicite 

ici puisque - l 'on va II chercher" sur le disque image IDl ,- au 

moyen de 'la fonction Fd, les points image p(pu, pv) 

dorrespondant aux points image· E{i, j) de la fenetre~-

30 d'affichage DW. 

Le precede selon l'invention est mis en reuvre au moyen 

d'un algorithme decrit ci-apres (algorithme 2), dans lequel : 

i et j sont les coordonnees d' un point E ( i, j) de la 

fenetre d 1 affichage, 

35 Imax et Jmax sont le nombre de colonnes - et le nombre de 

lignes de la fenetre d'affichage, correspondant aux 

dimensions en nombre de pixels de la fenetre d'affichage 
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Ex, Ey et Ez sont les coordonnees cartesiennes dans le 

repere OXYZ d'un point E(i,j} de la fenetre. d'affichage DW, 

- Px, Py et Pz sont les coordonnees cartesiennes d'un point P 

sur la demi-sphere HS, 

s pu et pv sont les coordonnees cartesiennes d'un point image 

p dans le repere o•uv du disque image, 

- Lest la taille du disque image, en nombre de pixels, 

- M est le centre de la fenetre d'affichage DW, 

- la "direction regard" est la direction materialisee par le 

IO point o et le centre de la fenetre d'affichage M, la fenetre 

d' a·ffichage formant la base d' une pyramide de vision de 

l' observateur dont le sornrnet est le point O (position de 

l' observateur) , 

- 80 et ~o sont les longitudes et latitudes correspondant a 
15 la direction du regard depuis le point Overs le centre M de 

20 

la fenetre d' affichage, ->:t: 

- Pixel Ecran[i,j] est la couleur (RVBA) d'un point E (i:!.j) 

de la fenetre d'affichage DW, 

- Pixel_Irnage[i,j) est la couleur du point P(i,j} de la demi

sphere HS correspondant au disque image, le point de 

coordonnees ( O, O) etant si tue au centre du disque image, \c 

R est le rayon de la demi-sphere HS (valeur arbitraire 

choisie de maniere a ameliorer la precision des calculs.c. R 

est par exemple choisi egal a 10000), 

25 - a est 1 'angle par rapport au centre O d I un point image ·· P 

situe sur la demi- sphere ( represente l.' angle de champ au 

moment de la prise de vue du point objet correspondant), et 

- auxl, aux2 sont des variables intermediaires, 

- "Zoom" est une variable definissant le grossissement, ayant 

30 une valeur par defaut egale a R. 

-
11

-,,/
11 est la fonction racine ca~ree. 

Algorithme 2 

1/ Pour i=-Imax/2 a i=Irnax/2 faire [par increments de I] 

35 2/ Pour j=-Jmax/2 a j=Jmax/2 faire [par increments de I] 

[calcul des coordonnees cartesiennes Ex, Ey, Ez du point Ede 

la fenetre d'affichage dans le systeme OXYZ] 

3/ Ey = j*cos(~O) - Zoom*sin(~O) 

.r 



4/ 

5/ 

6/ 

7/ 
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Ez = Zoom*cos(~O} + j*s~n{~O) 

auxl = Ez 

Ez 

Ex 

Ez*cos(80) - i*sin(00) 

i*cos(SO} + auxl*sin(90) 

5 [calcul des coordonnees du point· P correspondant au point E] 

8/ aux2 = R/~(Ex*Ex + Ey*Ey + Ez*Ez) 
- a/ 

_, I 

lO/ 

ll/ 

Px = Ex*aux2 

Py= Ey*aux2 

Pz = Ez*aux2 

10 [calcul des coordonnees du point p correspondant au point P, 

dans le repere (O'UV}, au moyen de la fonction Fd] 

l2/ X Px/R 

13/ Y Py/R 

l4/ ~ ~{X*X + Y*Y) 

15 15/ a arcsinus (r) 

20 

16/ 

17/ 

18/ 

19/ 

20/ 

u X/r 

V = Y/r 

pu = L*U*Fd(a) 

pv = L*V*Fd (a)· 

Pixel_Ecran(i,j] = Pixel_Image[pu,pv] 

21/ fin pour 

22/ fin pour 

Une demande de grossissement ( zoom) par 1 1 utilisateur 

25 conduit· ·1 • algori thme a modifier le parametre "Zoom" . Lorsque 

le parametre 11 Zoom" est egal au rayon R de la demi-sphere, la· 

fenetre d'affichage DW. est tangentielle a la demi-sphere 

{figure 13) . Lorsque le parametre II Zoom II est superieur a R, 

la fenetre DW s'eloigne-de la demi-sphere (en· suivant l'axe 

30 donne par la position du regard OM), ce qui correspond a un 

retrecissement de la pyramide de vision et un grossissement 

du secteur d' image presente dans la fenetre DW .. Le 

grossissement du secteur d'image presente a l 1 observateur est 

done egal au rapport du parametre 11 Zoom 11 par le rayon R. 

35 Lorsque les etapes 18 et 19 sont effectuees avec un 

parametre 11 Zoom" superieur a R, on gagne en ·definition dans 

les zones ou l'image a ete dilatee lors de la prise de vue 

car il existe toujours, tant que -la limite de resolution 

• 
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n'est pas atteinte, deux pixels adjacents sur le disque image 

qui correspondent a deux pixels adjacents de la fenetre 

d'affichage. Dans les zones comprimees de l'image, la 

recherche du pixel le plus proche au moyen des relations 

5 L*U*Fd {a.) et L*V*Fd (a.) conduit au contraire l 'algorithme a 
trouver sur le disque image le meme pixel image pour 

plusieurs pixels adj acents de la fenetre d' aff ichage. 

Toutefois ces zones d'image comprimees beneficiant d'une 

moindre definition sur le disque image, sont considerees 

10 comme secondaires pour 1 'application visee, conformement au 

pos·tulat sur · lequel se fonde la presente invention. 

De fac;:on generale, toute autre methode de projection 

est susceptible d'etre utilisee, l 'etape essentielle selon 

l'invention etant de retrouver l'angle de champ a. des points 

15 objet sur la demi-sphere, par rapport au centre de la demi

sphere, afin de faire intervenir dans les calculs la fonct~on 

de repartition Fd. 

L'algorithme 2·est bien entendu applicable lorsque l}on 

dispose de deux disques image complementaires, l'un 

20 correspondant a une photographie avant et l 'autre a une 

photographie arriere d'un panorama a 360°, la deuxieme 

photographie etant prise en faisant pivoter l'objectif 

panoramique de l80° autour d'un axe passant par le centre du 

panorama. On definit dans ce cas deux demi-~pheres et deux 

25 points image appeles ." Pixel_Irnage-'-Devant" et 
11 Pixel_Image_Derriere" 

- Pixel_Image_Devant[i,j] 

demi-sphere correspondant 

couleur d'un point E(i,j) sur la 

a la photo avant, le point de 

coordonnees (0,0), etant situe au centre du disque. image, 

30 - Pixel Image_Derriere[i,j] : .couleur d'un point E(i,j) sur 

la demi-sphere correspondant a-la photo arriere, le .point de 

coordonnees (O,O) etant situe au centre du disque image. 

35 

Les etapes 18 et suivantes de l'algorithme 2 sont alors 

modifiees ainsi 

18/ pu = L*U*Fd(a) 

19/ pv = L*V*Fd(a) 

20/ Si Pz >= 0 alors 
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21/ Pixel_Ecran[i,j] = Pixel_Image_Devant[pu,pv] 

22/ Sinon Pixel Ecran[i~j] 

23/ Fin si 

24/ fin pour 

Pixel Image_Derriere[L-pu,pv] 

5 25/ fin pour 

La figure 14 est un organigramme donnant un aperGU 

general des etapes d'un procede de capture et de presentation 

interactive d 1 une ·image panoramique sur un ecran. Cet 

10 organigramme est decrit par le tableau 2 figurant en Annexe, 

faisant partie integrante de la description. On y retrouve 

les etapes d 1 acquisition Sl et de transfert S2 decrites plus 

haut. L'etape S2 est suivie d'une etape d'affichage 

·interactif S3' faite conformernent: au procede qui vient d'etre 

15 decrit, incorporant implicitement une correction des non

linearites du disque image grace a l'utilisation de la 

fonction de repartition Fd pour retrouver sur le disque image 

les points correspondants aux pixels de la fenetre 

d'affichage. 

20 

25 

30 

II Exemples de realisation d 1 un objectif panoramique 

non lineaire selon !•invention 

Un objectif de la presente invention est 

un objectif panoramique presentant une 

ici de prevoir 

fonction de 

repartition Fd non lineaire, qui soit d'une structure simple 

et d'un faible prix de revient. On decrira dans ce qui ·suit 

deux exemples de realisation d'objectifs panoramiques non, 

lineaires selon l '·invention, le premier etant un · obj ectif de 

type direct et le second de type indirect, 

utilisant des miroirs. 

Premier mode de realisation 

c'est-a-dire 

Les apodiseurs sont des systernes optiques bien connus 

de 1 'homme de 1 'art, utilises pour modifier la repartition 

energetique (quantite de lumiere) au niveau de la pupille 

d' une source de lumiere. Ils sont notamment utilises pour 

35 uniformiser l'energie dans un faisceau laser ou encore, dans 

le domaine de la photographie, pour limiter la diffraction de 

la lumiere a travers les lentilles. Il est egalement connu 

d' utiliser un apodiseur en tant que fil tre, pour couvrir 
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l 'ouverture d I un instrument optique af in de supprimer les 

anneaux secondaires d'une figure de diffraction. Lorsque l'on 

veut separer les images de deux sources ponctuelles voisines, 

ces anneaux secondaires sont genants et reduisent la 

5 resolution. On peut alors 11 apodiser 11
, c 'est-a-dire supprimer 

ces anneaux secondaires en pla9ant un filtre adequat dans le 

plan de la pupille. 

Ici, l'idee de l'invention est d'utiliser un apodiseur 

dans un but different le principe de l'apodiseur est 

10 utilise pour controler la repartition angulaire d'un objectif 

panoramique et obtenir la non-linearite recherchee. 

La figure l5 represente par une vue en coupe un exemple 

de realisation d'un objectif non lineaire 30 selon 

. l' invention. La fonction de repartition Fd obtenue au moyen 

15 de l I obj ectif . 3 o est la fonction Fdl decri te plus haut en 

relation avec la figure 7B, l'objectif 30 assurant ainsi~~~e 

20 

dilation de l' image au centre. _F 

L 'obj ectif ""l O comprend un systeme de lentilles qui est 

egalement represente · en figure l6 par une vue eclatee. · On 

distingue un groupe optique divergent forme par des lentilles 

Ll, L2, L3, un groupe optique convergent forme par. qes 

lentilles L4, LS, L6, L7, un diaphragme Dl etant agence entre 

les lentilles L6 et L7. 

Des pieces Bl a B4 et des pieces I3 a I6 sont prevues 

25 pour maintenir les lentilles. La piece Bl forme le corps de 

l I obj ectif et comprend une cavite cylindrique dans laquelle 

sont agencees les lentilles L2 a L6. La piece B2 est vissee 

sur le corps Bl et permet de fixer la lentille frontale Ll 

centre la face avant de la piece Bl, la face arriere de la 

30 lentille Ll etant au contact de la face avant de la lentille 

L2. Les pieces B3 et B4 sont fixees par des vis (non 

representees) contre la partie arriere du corps Bl. La piece 

B3 maintient le diaphragme Dl et comprend une cavite de 

reception de la lentil le. arriere L7. La piece B4 plaque la 

35 lentille L7 dans la piece B3. et comporte un manchon arriere 

Fl pourvu d'un filetage permettant de fixer un capteur. 

d'image, par exemple un capteur CCD. Les pieces I3 a I6 sont 

des intercalaires permettant d 'aj uster avec precisi9n les 
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distances entre les lentilles L2 a L6 a l 1 interieur du corps 

Bl. 

Le groupe optique divergent Ll, L2, L3 definit l'angle 

de champ de l 1 objectif 30, ici de 180°. La lentille frontale 

5 Ll est un menisque divergent en PMMA a face avant aspherique 

et face arriere concave. Rappelons que le PMMA ou 

polymethacrylate est un verre organique a faible prix de 

revient, appartenant a la categorie des matieres plastiques. 

La lentille L2 est de type plan-concave et est en 

10 borosilicate BK7 (verre mineral optique standard) . Sa face 

avant (face plane) est plaquee contre une partie plate de la 

face arriere de la lentille Ll, qui s 1 etend a la peripherie 

de la partie concave {partie utile) de la face arriere de la 

lentille Ll. La lentille L3 est egalement de type plan-

15 concave et est en BK7. Sa face concave est orientee vers 

l'avant, en regard de la face arriere de la lentille L2. 

Le groupe optique convergent L4, LS, L6, L7 forme un 

apodiseur au sens de la presente invention et determine la 

fonction de repartition Fd non lineaire, qui est obtenue ici 

20 au moyen de lentilles aspheriques et d' une lentil le 

diffractive. 

La lentille L4 est de type plan-concave et est en PMMA. 

Sa face avant concave est aspherique. La lentille LS est de 

type plan-convexe et est en BK7, sa face plane etant orientee 

25 vers l 'avant. La lentille L6 est un menisque en PM:MA ayant 

une face avant concave et aspherique et une face arriere. 

convexe diffractive. Cette face arriere diffractive presente 

un reseau de diffraction constitue de zones diffractives 

circulaires centrees sur l'axe optique de la lentille, dont 

30 le profil est represente en figure l 7. Enfin, la lentille 

arriere L7 est de type biconvexe et est en BK7. Elle focalise 

le flux lurnineux sur le plan image, a l' emplacement prevu 

pour le capteur d'irnage. 

Les faces avant aspheriques des lentilles Ll, L4 et L6 

35 sont determinees au moyen d'une form,ule du type 

z {r) = [ (C*r) / (1 + y (1- (l+k) *c2*r) J + Ai_r + A2r4 + A3r6 + A.ir8 + Asr10 

• 
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"k" est une constante de conicite, 

"Al", ""A2", "A3 ll, 11 A4 11
, "A5" sont des 

du coefficient de conicite en fonction 

"z'' est la forme de la surface, 

nr" est le rayon au centre, et, 

11c" est le rayon de courbure. 

constantes d'ajustement 

de la position, 

La face arriere diffractive de la lentille L6 permet de 

reduire le nombre de lentilles necessaire a la realisation de 

10 l 'obj ectif 3 o. Dans le present mode de realisation, elle 

15 

20 

25 

permet par exemple 

lentilles complexes 

d' eviter la prevision d I au mains trois 

supplementaires. Elle est deterrninee au 

moyen a•une formule du type 

~(r) = al (r/R0) 2 + a2 (r/R0) 4 

dans laquelle: 

"r" est la distance par rapport au centre de la lentille d;Joun 

point considere,. se trouvant a la surface de la lentille,. 

al et a2 sont des constantes definissant le dephasage de la 

surface d' onde, •: 
11 R0 11 est une constante perrnettant de normaliser r, et J • 

11
~

11 est le dephasage introduit par la surface diffractiv,~,:~au 

point ·considere. 

Les lentilles en PMMA Ll, _L4 et L6 sont fabriquees 

grace a un procede dit de "diamond turning" bien connu de 

l' homme de l' art, qui consiste a £raiser la surface des 

lentilles en suivant un maillage de points. 

L'angle solide de propagation des rayons lurnineux dans 

30 chaque lentil le est repere sur la figure 15 par des traits 

noirs. Les rayons lumineux traversent le groupe optique Ll, 

L2, L3, passent a travers l'apodiseur L4, LS, L6, L7 tout en 

etant diaphragmes par Dl. 

La determination des parametres def inissant les faces 

35 aspheriques mentionnees ci-dessus, la formule du reseau de 

diffraction de la lentil le L6, le calcul des diametres des 

lentilles et des distances entre les lentilles, sont a la 
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portee de l 1 homme de l'art en utilisant les outils classiques 

de conception de lentille assistee par ordinateur. 

Second mode de realisation 

La figure 18 represente schematiquement un objectif 40 

5 non lineaire utilisant un miroir deforrnant. L' object if 40 

comprend en entree un groupe optique divergent constitue par 

exemple par les trois lentilles Ll, L2, L3 decrites ci

dessus, definissant l'angle de champ de l'objectif. En regard 

du groupe optique se trouve un rniroir plan Ml qui renvoie le 

10 faisceau lumineux sur un miroir deformant M2 de fonne concave 

aspherique. Le faisceau reflechi par le miroir M2 est envoye 

sur un capteur d'im~ge 43. 

15 

Dans un tel mode de 

presente 

realisation, 

la partie 

les irregularites de 

concave du miroir sphericite 

determinent 

que 

la fonction de repartition angulaire Fd 

recherchee pour l' application vi see (deformation au centre, 

sur les bords ... ) . Le resultat obtenu est equivalent a celui 

du systeme optique decrit plus haut. '--'L' obtention de la 

fonction de repartition Fd est a la portee de 1 'homme de 

20 l I art grace aux outils de conception de lentilles · assistee 

par ordinateur qui permettent, outre la conception de 

lentilles, la conception et la mise au point de surfaces 

reflechissantes. 

Une variante de ce mode de realisation consiste a 
25 prevoir plusieurs miroirs deformants afin de combiner des 

deformations ou de simplifier des deformations complexes en 

caracterisant un type de deformation par miroir, ce qui 

presence l'avantage de faciliter les travaux d'ingenierie. 

Encore unec;, autre variante consiste a utiliser un ou 

30 plusieurs miroirs deformables pour realiser un systeme 

optique dit 11 adaptatif 11
• Les miroirs deformables comprennent 

une couche de micro-pistons piezoelectriques couverte par une 

couche reflechissante. Chaque piston piezoelectrique est 

active individuellement, de sorte que l'on controle les 

35 deformations du miroir en plusieurs points afin d'obtenir la 

forme desiree. Un tel dispositif peut etre pilote par un 

circuit integre comprenant dans sa mernoire plusieurs 

configurations des micro-pistons, afin d'obtenir une fonction 
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de repartition Fd ajustable en fonction de !'utilisation 

visee, ce qui evite de prevoir plusieurs objectifs. 

De fa~on generale, les optiques adaptatives sont en soi 

connues de l'homme de l'art et utilisees dans les telescopes 

5 de haute precision afin de corriger les defauts optiques des 

lentilles ou des deformations atmospheriques. Les miroirs 

deformables existent egalement dans le domaine des disques 

optiques, si l'on se refere par exernple aux brevets 

US 5 880 896 et US 57 45 278. 

10 Ainsi, ici egalernent, on utilise des moyens en soi 

conhus a des fins differentes, non pas pour corriger une 

lentille mais pour obtenir au contraire une fonction de 

repartition angulaire non lineaire. 

La presente invention est bien entendu susceptible de 

15 diverses autres varlantes de realisation. Notamrnent, bien que 

l 'on ait decrit dans ce qui precede des objecti;fs 
.i. 

20 

panoramiques non lineaires a symetrie axiale relativemen_t,- a 
l'axe optique, dans lesquels la position d'un point image est 

uniquement fonction de l I angle de champ relativement a cet 

axe · du point obj et correspondant { ce· qui donne une 

distribution de points en cercles concentriques, comme vu 

plus haut), il entre dans le cadre de la presente invention 

de prevoir des objectifs dont la non-linearite n • est n_as 

symetrique relativement a l' axe optique, de sorte que les 

25 parties dilatees de l'image peuvent, dans ce cas, n'etre pas 

calees sur le centre de l'image. 

.. _. 

. i 
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ANNEXE (faisant partie integrante de la description) 

Tableau l 

S1 - Acquisition 

- Prise d 1 une image panoramique au rnoyen d'un appareil 

photographique 

equipe(e) d'un 

nurnerique 

objectif 

ou d'une camera video numerique 

panoramique ayant fonction de 

repartition Fd non lineaire 

S2 - Transfert du fichier image dans un calculateur 

- Transfert du fichier image (disque image) dans un micro

ordinateur 

- Stockage en memoire de masse (optionnel) 

S3 -Linearisation du disque image 

- Transfert des points image du disque image initial dans un 

second disque image virtuel comprenant plus de points image 

que le disque image initial, au moyen de. la fonction Fd- 1 

=> Obtention d'un disque image lineaire 

S4 - Numerisation 

- Transfert des points image du second disque image dans un 

systeme d' axes OXYZ en coordonnees spheriques => Obtention 

d'une image panoramique en demi-sphere 

S5 - Affichage Interactif 

Determination des points image d'un secteur d'image a 
afficher 

- Affichage du secteur d'image sur une fenetre d'affichage 

- Detection des actions de l 'utilisateur sur un pointeur 

d'ecran ou tout autre moyen de commande, 

- Detection des actions de l'utilisateur sur des touches de 

grossissement d'image, 

- Modification du secteur affiche (glissement du secteur 

d'image affiche a la surface de la demi-sphere et/ou 

retrecissement/dilatation du secteur d'image affiche) 
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S1 - Acquisition 

- Prise d'une image panoramique au moyen d'un appareil 

photographique numerique ou d'une camera video numerique 

equipe(e) d'un objectif paporamique ayant fonction de 

repartition Fd non lineaire 

S2 - Transfert du fichier image dans un calculateur 

- Transfert du fichier image (disque image) dans un micro

ord:i.nateur 

- Stockage en memoire de masse (optionnel) 

S3 1 
- Affichage interactif avec correction implicite de la 

non-linearite de l'image initiale 

A - Determination de la couleur des points E ( i, j) d 1,un 

secteur ·d' image ~ .afficher a partir des points p (pu, pv) rdu 

disque image : 

l - determination des coordonnees Ex, Ey, Ez dans le repere 

OXYZ de chaque point E(i, j) du secteur a afficher,_ 

2 - determination - des coordonnees Px, Py, Pz de points I?"':!riide 

la demi-sphere correspondant .aux points E(i, j), 

3 - cal cul des coordonnees, dans le repere O 'UV du disque 

image, de points p(pu, pv) correspo~dants aux points Pde la 

demi-sphere, au moyen de la fonction Fd, 

B Presentation du secteur d 1 image dans une fenetre 

d'affichage, 

C - Detection des actions de -1 'utilisateur sur un pointeur 

d'ecran ou tout autre moyen de commande 

D - Detection des actions de l'utilisateur sur des touches de 

grossissement 

E - Modification du secteur d'image affiche (deplacement 

et/ou retrecissernent/grossissernent du secteur d'image) 
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REVENDICATIONS 

l. Procede de capture d'une image panoramique 

numerique, par projection d 1 un panorama {PM) sur un capteur 

d'image (17} au moyen d'un objectif panoramique, caracterise 

en ce que l ' object if panoramique ( 18, 3 O, 4 O) presente une 

5 fonction ( Fd, Fdl, Fd2, Fd3) de repartition de points image 

(a 11 -d 11
) qui n'est pas lineaire relativement a l'angle de 

champ de points objet {a-d) du panorama, la fonction de 

repartition presentant une divergence maximale d'au moins 

±10% par rapport 

10 (Fdc) , de telle 

presente au mains 

au mains une zone 

2. .Procede 

a une 

sorte 

une zone 

(C30-C90) 

fonction de repartition lineaire 

que l'image panoramique obtenue 

(ClO, C20) sensiblement dilatee et 

sensiblement comprimee. 

selon la revendication 1, dans lequel 

15 l'objectif presente une fonction de rep~rtition non lineaire 

qui est symetrique relati vement a . l 'axe optique de 

l'objectif, la position d'un point image relativement au 

centre de l'image etant fonction de l'angle de champ du point 

objet correspondant. 

20 

25 

3. Procede selon l'une des revendications 1 et 2, dans 

lequel l'objectif dilate le centre de l'image et comprime les 

bards de l'irnage. 

4. Procede selon l'une des revendications let 2, dans 

lequel l'objectif dilate les bords de l'image et comprime le 

centre de l 1 image. 

·. 5_. Procede ·. selon l 'une des revendications l et 2, dans 

30 lequel l 'objectif comprime le centre de l' image et les bords 

de 1' image, et dilate une zone intermediaire de 1 'image se 

trouvant entre le centre et les bards de l'image. 

· 6. Procede selon l I une des revendications 1 a 5, dans 

35 lequel l'objectif {30). comprend un jeu de lentilles (L4-L7) 

formant apodiseur. 

', I\ 
~v 
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de capture d'une image panoramique 

numerique, par projection d'un panorama (PM) sur un capteur 

d'image (17) au moyen d'un objectif panoramique, caracterise 

en ce que l'objectif panoramique (18, 30, 40} comprend un jeu 

5 de lentilles (L4-L7) formant apodiseur et comportant au mains 

une lentille aspherique (L4, L6) et au moins une lentille 

di£fractive (L6), agencees pour presenter une fonction (Fd, 

Fdl, Fd2, Fd3) de repartition' de points image (a"-d"} qui 

n'est pas lineaire relativement a l'angle de champ de points 

IO obj et (a-d) du panorama, la fonction de repartition 

presentant une divergence maximale d'au mains 

rapport a une fonction de repartition lineaire 

±10% pa.r 

(Fdc), de 

telle sorte que l'image panoramique obtenue presente au mains 

une zone (ClO, C20) sensiblement dilatee et au mains une .fune 

15 (C30-C90) sensiblement comprimee. ::.. .. 

2. Procede selon la revendication 1, dans lequel 

l'obje~tif presente une fonction de repartition non lineaire 

qui est symetrique relativement a l' axe optique· de 

20 l'objectif, la position d'un point image relativement au 

centre de l'image etant fonction de l'angle de champ du po'int 

objet correspondant. 

3. Procede selon l'une des revendications 1 et 2, dans 

25 lequel l'objectif dilate le centre de l'image et comprime les 

bords de l'image. 

4. Procede selon l'une des revendications 1 et 2, dahs 

lequel l'objectif dilate les bords de l'image et comprime le 

30 centre de l' image. 

5. Precede selon l'une des revendications 1 et 2, ·dans 

lequel l'objectif comprime le centre de l'irnage et les bords 

de l' image, et dilate une zone intermediaire de l 'image se 

35 trouvant entre le centre et les bords de l'image. 

'-. 
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7. Procede selon la revendication 6, dans lequel le jeu 

de lentilles formant apodiseur comprend au moins une lentille 

aspherique (L4, L6). 

8. Precede selon la revendication 6, dans lequel le jeu 

de lentilles formant apodiseur comprend au moins une lentille 

diffractive (L6}. 

10 9. Precede selon l 1 une des revendications l a 5, dans 

lequel l 1 objectif (40) comprend un jeu de miroirs (Ml, M2) 

comprenant au mains un miroir deformant (M2). 

10. Procede d 1 affichage d'une image pa1;oramique 

15 initiale {Imgl) obtenue conformement au procede selon l'une 

une 

9, caracterise en ce qu' il comprend 

correction de la non-linearite de 

l'image initiale, faite au moyen d 1 une fonction (Fd- 1
) 

reciproque de la fonction (Fd) de repartition non lineaire de 

revendications l a 
etape (S3, S3'} de 

;' 

des 

20 l 1 objectif ou au moyen de la fonction (Fd) de repartition non 

lineaire. 

25 

ll. Procede selon la 

l'etape de correction 

transformation de l'image 

.numerique ~orrigee (Imgl) 

revendication 10, dans lequel 

(S3) comprend une 

initiale (Imgl) en 

comprenant un nombre 

etape de 

une image 

de points 

image superieur au nombre de pixels que comprend le capteur 

d • image { l 7) . 

30 12. Procede selon la revendication ll, comprenant 

- une etape de calcul, au moyen de la fonction reciproque de 

la fonction de repartition, de la taille (R2) de l I image 

corrigee, de rnaniere que l'image corrigee ait une resolution 

equivalente a la zone la plus dilat.ee de l' image initiale, et 

35 une etape consistant a parcourir chaque point image de 

l'image corrigee, a chercher la position d'un point jumeau du 

point image sur l'image initiale et a attribuer la couleur du 

point jumeau au point image de l'image corrigee 

* 
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6. Procede selon l' une des revendications 1 a 5, dans 

lequel l'objectif (40) comprend un jeu de miroirs (Ml, M2) 

comprenant au moins un miroir deformant (M2). 

7. Procede d'affichage d'une image panoramique initiale 

(Imgl) obtenue conformement au procede selon l'une des 

revendications 1 a 6, comprenant une etape (S3, S3') de 

correction de la non~linearite de l'image initiale, faite au 

10 moyen d'une fonction (Fd- 1
) reciproque de la fonction (Fd) de 

repartition non lineaire de l 'obj ectif ou au moyen de la 

f onction ( Fd) 

que l 'etape 

de repartition non lineaire, caracterise en ce 

de correction (S3} comprend une etape de 

transformation de l'image initiale {Imgl) en une image 

15 numerique corrigee ( Imgl) comprenant un nombre de points 
~=i 

image superieur au nombre de pixels que comprend le cap,teur 

d ··image ( 1 7) . 
.,..J...,; 

8. Procede selon la revendication 7, comprenant: 

20 une etape de calcul, au moyen de la fonction reciproque de 

la fonction de repartition, de la taille ( R2) de 1 '·image 

corrigee, de rnaniere que l'image corrigee ait une resolution 

equivalente a la zone la plus <lilatee de l'image initial~~ et 

une etape cons·istant a parcourir chaque point image de 

25 l'image corrigee, a chercher la position d'un point jumeau du 

point image sur l'image initiale et a attribuer la.couieur du 

· point jumeau au point image de l'image corrigee 

9. Precede selon l'une des revendications 7 et 8, dans 

30 lequel · l' image 'initiale et l' image corrigee comprennent un 

disque image (ID1, ID2). 

10. Procede selon l'une des revendications 7 a 9, 

comprenant une etape (S4) de transfert des points image de 

35 l 'image corrigee dans un espace a troi.s dimensions · et une 

etape de presentation sur un moyen d' affichage d '·un· secteur 

de 1' image a trois dimensions obtenue. · 
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l3. Precede selon l 1 une des revendications ll et 12, 

dans lequel l'image initiale et l'image corrigee comprennent 

un disque image (IDl, ID2). 

14. Procede selon 1 'une des revendications 11 a l3, 

comprenant une etape ( S4) de transfert des points image de 

1' image corrigee dans un espace a trois dimensions et une 

etape de presentation sur un moyen d'affichage d'un secteur 

10 de l'image a trois dimensions obtenue. 

15. Precede selon la revendication lO, comprenant une 

etal)e (S3 ') de determination de la couleur de points image 

d' une fenetre d' affichage (DW) , par projection des points 

15 image de la fenetre d 1 affichage sur l'image initiale au moyen 

de la fonction de repartition non lineaire, et attribution a 
chaque point image de la fenetre d 'affichage de la couleur 

d'un point image le plus proche sur l 1 image initiale. ,. 

20 16. Procede selon la revendication lS, dans lequel la 

projection des points image de la fenetre d' affichage sur 

l'image initiale cornprend: 

une etape de projection des points image de la fenetre 

d'affichage sur une sphere (HS) ou une portion de sphere, 

25 une etape de determination de 1 'angle (a) par rapport au 

centre (0) de la sphere ou de la portion de sphere de chaque 

point image projete, et 

une etape de projection sur 1' image ini tiale de chaque 

point image projete sur la sphere ou la portion de sph~re, la1 

30 projection etant faite au moyen de la fonction de repartition 

non lineaire {Fd) en considerant l 'angle de champ (a) que 

presente chaque point a projeter par rapport au centre de la 

sphere ou de la portio~ de sphere. 

35 17. Objectif panoramique {30, 40) comprenant des moyens 

optiques pour proj eter un panorama dans un. plan image de 

l 'object if, caracterise en ce qu' il presente une fonction 

(Fd, Fdl, Fd2, Fd3) de repartition de points image (a 11 -d 11
) 

\-)r 
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11. Procede selon la revendication 7, 

( S3' } de determination de la couleur 

comprenant une 

de points 

fenetre d'affichage (OW) , par projection des 

image 

points 

image de la fenetre d'affichage sur l'image initiale au moyen 

5 de la fonction de repartition non lineaire, et attribution a 
chaque point image de la fenetre d' af f ichage de la couleur 

d'un point image le plus proche sur l'image initiale. 

12. Procede seron la revendication 11, dans lequel la 

JO projection des points image de la fenetre d 'affichage sur 

l'image initiale comprend: 

15 

une etape de projection des points image de la fenetre 

d'affichage sur une sphere (HS) ou une portion de sphere, 

une etape de determination de l'angle (a) par rapport au 

centre ( 0) de la sphere OU de la portion de sphere de chaque 
·"!" 

point image projete, et 

une etape de projection sur l'image initiale de cri'ilque 

point image profete sur la sphere ou la portion de sphere/ la 

projection etant faite au rnoyen de la fonction de repartition 

20 non lineaire ( Fd) en considerant 1 'angle de champ (a) que 

presente chaque point a projeter par rapport au centre de la 

sphere ou de la portion de sphere. 
.L 

13. Objectif panoramique {30, 40) comprenant des rnoyens 

25 optiques pour proj eter un panorama dans un plan image de 

1•objectif, caracterise en ce qu'il comprend un ·jeu de 

lentilles (L4-L6) formant apodiseur et cornportant au moins 

une lentil le aspherique (L4, L6) et au mains une lentille 

diffractive (L6), et en ce qu•il presente une fonction {Fd, 

30 Fdl, Fd2, Fd3) de repartition de points image (a"-d") qui 

n•est pas lineaire relativement a l'angle de champ de points 

obj et {a-d) du panorama, la fonction de repartition 

35 

presentant une divergence 

rapport a une fonction de 

telle sorte qu'une image 

maximale d'au mains 

repartition lineaire 

panorarnique obtenue au 

±10% 

( Fdc) , 

moyen 

par 

de 

de 

l'objectif comprend au mains une zone 

di la tee et au mo ins une zone 

comprimee. 

(ClO, C20) 

(C30-C90) 

sensiblement 

sensiblement 
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qui n' est pas lineaire relativernent a l 1 angle de champ de 

points objet (a-d) du panorama, la fonction de repartition 

presentant une divergence maximale d'au moins ±10% par 

rapport a une fonction de repartition lineaire (Fdc) de 

5. tel le sorte qu' une image panoramique obtenue au moyen de 

l 1 objectif comprend au mains une zone (ClO, C20) sensiblement 

dilatee et au moins une zone {C30-C90) sensiblement 

comprirnee. 

IO 18. Objectif panoramique selon la revendication 17, 

presentant une fonction de repartition non lineaire qui est 

symetrique relativement a l'axe optique de l'objectif, la 

position d 1 un point image relativement au centre d'une image 

obtenue etant fonction de l 'angle de champ du poipt obj et 

15 correspondant. 

20 

25 

30 

19. Objectif panoramique selon l 1 une des revendications 

l 7 et 18, caracterise en ce qu' il dilqte le centre d' une 

image et comprim~ les bords de l 1 image. 

20. Objectif panoramique·selon l'une des revendicatioris 

17 et 18, caracterise en ce qu' il dilate les bords d' une 

image et comprime le centre de l 1 image. 

21. Objectif panoramique selon l 1 une des revendications 

1 7 et. 18, caracterise en ce qu' il comprime . le centre d' une 

image et les bords de l'image, et dilate une zone 

intermediaire de l'image se trouvant entre le centre et les 

bords de 1.• image . 

22. Objectif panoramique selon l'une des revendications 

17 a 21, comprenant un jeu de lentilles {L4-L6) formant 

apodiseur. 

35 23. Objectif panoramique selon la revendication 22, 

dans lequel le jeu de lentilles formant apodiseur cornprend au 

mains une lentille aspherique (L4, L6). 

\/~ 
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presentant 

symetrique 
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Objectif panoramique selon la revendication 

une fonction de repartition non lineaire qui 

relativement a l'axe optique de l'objectif, 

13, 

est 

la 

position d'un point image relativement 

obtenue etant fonction de l' angle de 

correspondant. 

au centre d'une image 

champ du point obj et 

15. Objectif panoramique selon l'une des revendications 

IO 13. et 14, caracterise en ce qu' il dilate le centre d' une 

image et comprime les bords de l'image. 

16. Objectif panoramique selon l'une des revendications 

13 et 14, caracterise en ce qu' il dilate les bords d' une 

15 image et comprime le centre de l'image. 

20 

25 

17. Objectif panoramique selon l'une des revendica€£ons 

13 · et 

image 

14, 

et les 

intermediaire de 

bords de l'image. 

en 

bords de 

ce qu'il comprime le centre _d·'une 

1' image se 

l' image, et dilate une zone 

trouvant entre le centre et les 

18. Objectif panorarniqlie selon l' une des revendicat·.fons 

13 a 17, comprenant des lentilles en polymethacrylate. 

19. Objectif panoramique selon l'une des revendications 

13 a 17, comprenant un jeu de miroirs (Ml, M2) comprenant au 

moins un miroir deformant (M2). 
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24. Objectif panoramique selon l'une des revendications 

22 et 23, dans lequel le jeu de lentilles formant apodiseur 

comprend au mains une lentille diffractive (L6). 

5 25. Objectif panoramique selon l 1 une des revendications 

22 a 24, comprenant des lentilles en polymethacrylate. 

26. Objectif panoramique selon l'une des revendications 

17 a 2l, comprenant un jeu de miroirs (Ml, M2} comprenant au 

10 mains un miroir deformant (M2). 
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Fig. 12 S 1 - Acquisition 

- Prise d'une image panoramique au moyen d'un appareil 
photographique numerique OU d'une camera video numerique 
equipe(e) d'un objectif panoramique ayant fonction de repartition 
F d non lineaire 

I 
S2 -Transfert du fichier image dans un calculateur 

- Transfert du fichier image (disque image) dans un micro-
ordinateur 
- Stockage en memoire de masse ( optionnel) 

I 
S3 -Linearisation du disque image 

- Transfert des points image du disque image initial dans un second , 
disque image virtuel comprenant plus de points image que le disque 

image initial, au mqyen de la fonction Fd-1 

=> Obtention d'un disque image lineaire 

I 
S4 - Numerisation 

- Transfert des points images du second disque image dans un 
systeme d'axes OXYZ en coordonnees spheriques => Obtention 
d'une image panoramique en demi-sphere 

I 
S5 - Affichage lnteractif 

- Determination des points image d'un secteur d'image a afficher 
- Affichage du secteur d'image sur une fenetre d'affichage 
- Detection des actions de l'utilisateur sur un pointeur d'ecran ou 
tout autre moyen de comrnande, 
- Detection des actions de l'utilisateur sur des touches de 
grossissement d'image, 
- Modification du secteur affiche (glissement du secteur d'image 
affiche a la surface de la deini~sphere et/ou retrecissement/dilatation 
du secteur d'image _affiche) 
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Sl - Acquisition 

- Prise d'une image panoramique au moyen d'un appareil 
photographique numerique OU d'une camera video numerique 
equipe(e) d'un objectif panoramique ayant fonction de repartition 
Fd non lineaire 

I 
S2 - Transfert du fichier image dans un calculateur 

- Transfert du fichier image (disque image) dans un micro
ordinateur 
- Stockage en memoire de masse (optionnel) 

I 

S3' - Affichage interactif avec correction implicite de la non-
linearite de l'image initiate 

A - Determination de la couleur des points E(i, j) d'un secteur 
d'image a afficher a partir des points p(pu, pv) du disque image : 

1- determination des coordonnees Ex, Ey, Ez dans le repere OXYZ · 
de chaque point E(i, j) du secteur a afficher, 
2- determination des coordonnees Px, Py, Pz de points P de la 
demi-sphere correspondant aux points E(i, j), 
3- ca:lcul des coordonnees, dans le repere O'UV du disque image,, 
des points p(pu, pv) correspondants aux points Pde la demi-sphere, 
au moyen de la fonction Fd, 

B - Presentation du secteur d'image dans une fenetre d'affichage, 
C - Detection des actions de l'utilisateur sur un pointeur d'ecran ou 
tout autre moyen de comman4e 
D - Detection des actions de l'utilisateur sur des touches de 
grossissement 
E - Modification du secteur d'image affiche (deplacement et/ou 
retrecissement/grossissement du secteur d'image) 
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TITLE OF THE INVENTION 

[0001] Method For Capturing And Displaying A Variable Resolution Digital Panoramic Image 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0002] This application is a continuation of International Application No. PCT/FR02/0I588, 

5 filed May 10, 2002 the disclosure of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates to obtaining digital panoramic images and displaying 

panoramic images on computer screens. 

[0004] Fig. 1 represents a classical device allowing a digital panoramic image to be produced 

10 and presented on a computer 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 camera 1 is connected to a computer 5, such as a microcomputer for example, equipped with a 

screen 6. The connectio_n 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 digital camera 

15 equipped with an image memory, the connection then being carried out at the time the image files 

are to be transferred into the microcomputer. 

[0005] Fig. 2 schematically represents the appearance of a panoramic image 3 obtained by 

means of the panoramic 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 

20 be removed. This digital panoramic image is delivered by the camera 1 in the form of a computer 

file containing image 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. 

[0006] The image file is transferred into the microcomputer 5 which transforms the initial image 

25 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. 

[0007] Fig. 3 schematically shows classical steps of transforming 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 

30 center O and axes 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 

7078397 vi 
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perpendicular to the plane of the image disk. The transfer is performed by a mathematical function 

implemented 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 

5 angles 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 which, corresponding to the display window 7, is presented on the screen (Fig. 1) considering 

that the observer is on the central point O' of the system of axes O'X'Y'Z, which defines with the 

10 center O" of the image sector 12, a direction O'O" called "viewing direction". 

[0008] In order to avoid the image sector displayed 12 having 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 of the hemisphere 11, and 

15 the corresponding points A, Bon 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. 

[0009] 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 CIO, C20 ... 

C90 on the image disk 10, as represented in Fig. 4A. Classically, "field angle of an object point" 

20 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 CIO 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 

25 angle of 20°, etc., the circle C90 being formed by the image points having a field angle of 90°. 

[0010] Fig. 4B represents the shape of the distribution function Fdc of a classical panoramic 

objective lens, which determines the relative distance dr of an image point in relation to the center 

of the image disk according to the field angle a of the corresponding object point. The relative 

distance dr is between O and 1 and is equal to the distance of the image point in relation to the center 

30 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: 

dr = Fdc (a)= Ka 
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in which the constant K is equal to 0.111 degree-' (1/90°). 

[0011] This technique of displaying a digital panoramic image sector on a computer screen has 

various advantages, particularly 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 

5 the panoramic image are reached. This technique also allows 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 complete panoramic sphere by assembling two 

hemispheres. Another advantage provided by presenting a panoramic image on screen is to enable 

the observer to make enlargements or zooms on parts of the image. The zooms are performed 

10 digitally, by shrinking the image sector displayed and expanding the distribution of the image points 

on the pixels of the screen. 

[0012] 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 

15 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. 

[0013] 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 

20 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 enlargement increases, the granulosity of 

the image appears as the limits of the resolution of the image sensor are being reached. 

[0014] To overcome this disadvantage, it is well known to proceed with pixel interpolations so 

as to delay the apparition of the blocks of color which betray the limits of the resolution of the 

25 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, 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 

30 area. 

(0015] Some attempts have been made to improve the quality of the enlargements, by changing 

the optical properties of the panoramic objective lenses themselves. Thus, U.S. Patent No. 

5,710,661 teaches capturing a panoramic image with two overlocking objective lenses using a set of 
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mirrors. A first set 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 possibility of choosing the image portion that he wants to enlarge once the 

5 photograph has been taken. 

BRIEF SUMMARY OF THE INVENTION 

[0016] Therefore, the present invention comprises a method allowing the physical limits of 

image sensors to be circumvented 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 

10 of pixels per unit of area of an image sensor or to provide an overlocking optical enlargement 

system in a panoramic objective lens. 

[0017] 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 expanded by the 

observer by means of a digital zoom. Thus, in applications such as video surveillance, 

15 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 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 edges of the image 

20 (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 in the vicinity of 

the center of the image. 

[0018] Therefore, the present invention is based on the premise that a panoramic image has 

25 some zones that are not very useful and that can tolerate a reasonable definition to the benefit of 

other zones of the image. 

[0019] On the basis of this premise, the idea of the present invention is to produce panoramic 

photographs by means of 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 

30 expanded zones of the image cover a number of pixels of the image sensor that is higher than if they 

were not expanded, and thus benefit from a better definition. By choosing an objective lens that 
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expands the most useful zones of an image (which depend on the intended application), the 

definition is excellent in these zones and the definition is mediocre in the zones of lesser importance. 

[0020) Thus, the present invention proposes a method for capturing a digital panoramic image, 

by projecting a panorama onto an image sensor by means of a panoramic objective lens, in which 

5 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 ±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. 

[0021) According to one embodiment, the objective lens has a non-linear distribution function 

10 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. 

[0022] According to one embodiment, the objective lens expands the center of the image and 

compresses the edges of the image. 

15 (0023] According to one embodiment, the objective lens expands the edges of the image and 

compresses the center of the image. 

[0024] According to one embodiment, 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. 

20 (0025] According to one embodiment, the objective lens comprises a set of lenses forming an 

apodizer. 

(0026] According to one embodiment, the set of lenses forming an apodizer comprises at least 

one aspherical lens. 

[0027] According to one embodiment, the set of lenses forming an apodizer comprises at least 

25 one diffractive lens. 

[0028] According to one embodiment, the objective lens comprises a set of mirrors comprising 

at least one distorting mirror. 

[0029] The present invention also relates to a method for displaying an initial panoramic image 

obtained in accordance with the method described above, comprising a step of correcting the non-

30 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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[0030] 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. 

[0031] According to one embodiment, the method comprises a step of calculating the size of the 

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

of the corrected image. 

10 [0032] According to one embodiment, the initial image and the corrected image comprise an 

image disk. 

[0033] According to one embodiment, the method comprises a 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. 

15 [0034] 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 closest on the initial image. 

[0035] According to one embodiment, the projection of the image points of the display window 

20 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 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 projection being performed by 

means of the non-linear distribution function considering the field angle that each point to be 

25 projected has in relation to the center of the sphere or the sphere portion. 

[0036] The present invention also relates to a panoramic objective lens comprising optical 

means for projecting 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 the field angle of object 

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

30 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. 
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[0037] According to one embodiment, the panoramic 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 an image obtained varying according to the field angle of the 

corresponding object point. 

5 [0038] According to one embodiment, the panoramic objective lens expands the center of an 

image and compresses the edges of the image. 

[0039] According to one embodiment, the panoramic objective lens expands the edges of an 

image and compresses the center of the image. 

[0040] According to one embodiment, the panoramic objective lens compresses the center of an 

10 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. 

[0041] According to one embodiment, the panoramic objective lens comprises a set of lenses 

forming an apodizer. 

[0042] According to- one embodiment, the set of lenses forming an apodizer comprises at least 

15 one aspherical lens. 

[0043] According to one embodiment, the set of lenses forming an apodizer comprises at least 

one diffractive lens. 

[0044] According to one embodiment, the panoramic objective lens comprises polymethacrylate 

lenses. 

20 [0045] According to one embodiment, the panoramic objective lens comprises a set of mirrors 

comprising at least one distorting mirror. 

[0046] 

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 

25 appended drawings. For the purpose of illustrating the invention, there are shown in the drawings 

embodiments which are presently preferred. It should be understood, however, that the invention is 

not limited to the precise arrangements and instrumentalities shown. 

[0047] In the drawings: 

[0048] 

30 a screen; 

[0049] 

computer; 
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[0050] Fig. 3 described above shows a classical method for transforming a two-dimensional 

panoramic image into a three-dimensional digital panoramic image; 

[0051] Fig. 4A and 4B described above show the linearity of a classical panoramic objective 

lens; 

5 [0052] Figs. 5 and 6 show one aspect of the method according to the present invention and 

respectively represent a distribution 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; 

[0053] Figs. 7 A and 7B show a first example of non-linearity of a panoramic objective lens 

10 according to the present invention; 

[0054] Fig. 8 shows a second example of non-linearity of a panoramic objective lens according 

to the present invention; 

[0055] Fig. 9 shows a third example of non-linearity of a panoramic objective lens according to 

the present invention; 

15 [0056] 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; 

[0057] Fig. 11 schematically shows a first embodiment of the correction method according to 

the present invention; 

[0058] Fig. 12 is a flow chart describing a method for displaying a panoramic image 

20 incorporating the first correction method according to the present invention; 

[0059] Fig. 13 schematically shows a second embodiment of the correction method according 

to the present invention; 

[0060] Fig. 14 is a flow chart describing a method for displaying a panoramic image 

incorporating the second correction method according to the present invention; 

25 [0061] Fig. 15 is a cross-section of a first embodiment of a non-linear panoramic objective lens 

according to the present invention; 

[0062] Fig. 16 is an exploded cross-section of a system of lenses present in the panoramic 

objective lens in Fig. 15; 

[0063] 

30 [0064] 

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 non-linear panoramic objective lens 

according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
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[0065] 

[0066] 

A - Compression/expansion of an initial image 

Fig. 5 schematically represents a classical system for taking panoramic shots, comprising 

a panoramic objective lens 15 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 will be considered that belong to a 

5 panorama PM located opposite the objective lens and respectively having angles of incidence al, 

a2, -a2, -al. As explained 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 is equal to two times the angle a2. On the image sensor 17, 

10 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 points is linear with a classical panoramic objective lens, 

the distances dl and d2 are linked by the following relation: 

dl/al = d2/a2 

15 As the angle al is here equal to 2cx.2, it follows that: 

dl = 2d2 

[0067] 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 

20 panoramic 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. 

[0068] 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 

25 projection onto the image sensor 17 of the object points a, b, c, d having angles of incidence al, a2, 

-cx.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 image points a", b", c", d" are located 

at distances from the center of the image respectively equal to dl ', d2', -d2', -dl'. 

[0069] According to the present invention, the objective lens 18 has a distribution function of 

30 the image points that is not linear. The ratio of the distances dl', d2', -d2', -dl' are not 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 
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sensor 17, which corresponds to a solid angle 2a2 centered on the optical axis OZ, 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 would occupy if 

5 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 passing 

through the points a", d" and through the points b", c" is compressed relative to the corresponding 

part in Fig. 5, and the definition on the edges of the image is less than that obtained with a classical 

10 linear objective lens, to the benefit of the central part of the image. 

[0070] By applying the principle according to the present invention, which involves expanding 

one part of the image 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 

15 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. 

[0071] Figs. 7 A-7B, 8 and 9 show three examples of non-linear distribution functions according 

to the present invention. 

20 [0072] The distribution function shown in Figs. 7 A and 7B corresponds to the example in Fig. 6, 

that is a panoramic objective lens that expands the image in the center. Fig. 7 A 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 corresponding to object points having a field angle of 10°, the circle C20 

25 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 C 10 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 

30 image disk. 

[0073] Fig. 4B represents the curve of the corresponding distribution function Fdl. The 

classical linear distribution function, expressed by Pde = Ka and in the form of a straight line of 
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gradient K, is also represented as a guide mark (the constant K being equal to 1/90 for an objective 

lens having an aperture of 180°, i.e., a gradient of 0.111 per degree). The 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 image 

point in relation to the center of the image disk is represented on the Y-axis and is between O and 1. 

5 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 compression of the image. 

[0074] 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 

10 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 DIV max of 

the distribution function Fdl according to the present invention can be calculated by a formula of 

15 the type: 

DIVmax% = [[dr(Pd) - dr(Pdl)]/[dr(Pdl)]]*lOO 

i.e.: 

DIVmax% = [[dr(Pd) - K*a.(Pd)]/[K*a.(Pd)]]*lOO 

In which dr(Pd) is the relative distance in relation to the center of the point of maximum divergence 

20 Pd, dr(Pdl) is the relative distance in relation to the center of the corresponding 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. 

[0075] In the example considered here, the maximum divergence is therefore equal to +125%. 

This value of maximum divergence according to the present invention is clearly higher than that due 

25 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 divergence 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. 

30 [0076] 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 
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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: 

TX= [dr(Pd1)2 - dr(Pd2)2 
]/ [(dr(Pdl1))2 

- (dr(Pdl2))2
] 

i.e.: 

TX= [dr(Pd1)2 
- dr(Pd2)2 ]/ [K2[(a.(Pd1))2 - (a.(Pd2))2]] 

[0077] 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 

10 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. 

[0078] 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 

15 -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 

20 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. 

[0079] 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 

25 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 O of the image and the circle C30 passing through the point 

Pdl, an expanded image zone between the circle C30 and the circle C70 passing through the point 

Pd2, and a compressed image zone between the circle C70 and the circle C90 forming the edge of 

the image disk. The average rates of expansion/compression TX(O,C30), TX(C30, C70), TX(C70, 

30 C90) for each of these zones are respectively equal to 0.09, 1.6 and 0.48. An image disk obtained 

with a panoramic objective lens having a distribution function conforming to the function Fd3, has a 
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high definition zone in its intermediate part, which lends itself well to digital enlargements, and two 

low definition zones in its central part and on its edges. 

[0080] B - C rrection of the non-linearity of the initial image 

[0081] A first aspect of the present invention was described above, according to which a non-

5 linear distribution of image points onto a digital image was provided to improve the 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 embodiments of non-linear panoramic objective 

lenses according to the present invention, a second aspect of the present invention will be described 

which involves correcting the non-linearity of the image disk obtained in order to present the 

10 observer with an image free from optical distortion. 

[0082] This second aspect of the present invention is implemented at the stage of the processing 

of the initial image by 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 

15 connected to a 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 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 

20 video camera and the connection to the microcomputer can be permanent or otherwise. In the case 

of a video camera, the microcomputer receives a flow of images that it processes in real time to 

display them on the screen. 

[0083] In this context, the correction method according to the present invention can be 

performed according to two embodiments. A first embodiment involves correcting the initial image 

25 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 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 

30 an image taken by means of a classical panoramic objective lens and can then 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. 
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[0084] The second alternative of the method involves using the 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. 

[0085] First embodiment of the correction method 

5 [0086] Fig. 11 shows the first embodiment of the method according 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 lmgl is transformed into a corrected image lmg2 comprising a linear image disk ID2 of 

radius R2. The radius R2 of the image disk ID2 is higher than the radius Rl of the initial image disk 

10 ID 1 and the image disk ID2 has a resolution equal or substantially equal to the resolution offered by 

the zone of the image disk lmgl in which the greatest density of information (i.e. the zone in which 

the image is the most 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. 

15 

20 

[0087] The main steps of this method are the following: 

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 IDl the place in which the image is 

the most expanded, so that the corrected image lmg2 has a resolution equal or substantially equal to 

the resolution offered by the zone of the image lmgl in which the greatest density of information is 

to be found, 

then each pixel of the image to be calculated lmg2 is scanned, and the position of its twin 

point on the image lmgl is searched for, and then 

the color of the corresponding point on the initial image lmgl is allocated to the point of 

the new image lmg2. 

[0088] This method is implemented by means of an algorithm described below (algorithm 1), in 

25 which: 

30 

A is the angular aperture of the objective lens, 

Dis 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 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, 
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5 

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, 

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 

ID 1 expressed in angular difference), and 

Fdlin·1 is the reciprocal function of a distribution function of a classical linear objective 

10 lens, of the type: Fdlin(cx.)=Kcx., with K=2/A, i.e. K=l/90 with an objective lens having an angular 

aperture of 180°. 

Algorithm 1 

[finding DAM] 

1/ DAM=Af2 

15 2/ Current_angle = 0 

3/ For D = 1 to Rl [with increments of 1] 

4/ Previous_angle = Current_angle 

5/ Current_angle = Fd-1(D!Rl) 

6/ If DAM> (Current_angle - Previous_angle) then 

20 7/ DAM= (Current_angle - Previous_angle) 

8/ End if 

9/ End for 

[determining the radius R2 of the disk ID2] 

10/ R2 = (Af2)/DAM 

25 [ calculating the new image] 

[scanning each pixel of the image to be calculated Img2] 

11/ For I =-R2 to +R2 [ with an increment of 1] 

12/ For J =-R2 to +R2 [with an increment of l] 

[searching for polar coordinates (R' ,8) of the twin point on the image lmgl using the coordinates 

30 (R,8) of the point of the image Img2] 

13/ R = .../(12+J2) 
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14/ IfR <R2 then 

15/ If J < 0 then 

16/ e = arc cosine(I/R) 

17/ If not 

5 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 (RIR2)) 

as Fdlin-
1
(R) = RIK and K=2/A, it follows that: 

10 20' IR'= Rl *Fd((RIR2) * (A/2)) 

[ return to the Cartesian coordinates] 

21/ U = R'*cos(O) 

22/ V = R'*sin(O) 

[allocation of the color of the point] 

15 23/ Img2[1,J] = Imgl[U,V] 

24/ If not 

[allocation of the color black to the points outside the image disk] 

25/ Img2[1,J] = Black 

26/ End if 

20 27 / End for 

28/ End for 

[0089] 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 

25 subsequently performing a bilinear interpolation on the image Img2, in itself well known by those 

skilled in the art, so as to smooth out the final image. 

[0090] 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 description. The steps S 1 and S2, respectively the 

30 acquisition 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 described above for example. The step S4, called 
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"digitization", is also classical. This step involves transferring 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. 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 

5 moved upwards or downwards depending on the user's actions, or is enlarged at the user's request. 

When enlarged, the definition is better than in previous practices in the zones corresponding to the 

expanded parts of the initial image. 

[0091] Second embodiment of the correction method 

[0092] The second embodiment of the correction method according to the present invention is 

10 shown in Fig. 13. Schematically, this method involves projecting the image points of an image 

sector corresponding to a display window OW onto the image disk IDl of the initial image lmgl. 

This method does not require calculating a corrected image disk, contrary to the previous 

embodiment. 

[0093] The image points of the display window OW are referenced E(i,j) in the coordinate 

15 system of the display window, 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 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 

20 here is therefore a hemisphere. The image points P thus determined are then projected onto the 

image disk lmgl by means of the non-linear distribution function Fd according to the present 

invention, which first requires calculating the field angle a of the points P in relation to the center 0 

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 

25 incidence a of the object points and the shape of the function Fd. The projection of the image points 

P onto the image disk ID 1 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'U and 

O'V. The axis OZ in the system of the hemisphere HS is perpendicular to the plane of the image 

disk ID 1 and passes through the center O' of the image disk, such that the axes O'Z and OZ are 

30 merged. 
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[0094] As it will 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 IDl, by means of the function Fd. 

[0095] The method according to the present invention is implemented by means of an algorithm 

5 described below (algorithm 2), in which: 

i and j are the coordinates of a point E(i, j) of the display window, 

lmax 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 

10 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, 

15 Mis 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 O (observer's position), 

80 and cpO are the longitudes and latitudes corresponding to the viewing direction from 

20 the point O towards the center M of the display window, 

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 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 

25 accuracy of the calculations, R is for example chosen to be equal to 10,000), 

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), 

aux 1, aux2 are intermediate variables, 

"Zoom" is a variable defining the enlargement, having a default value equal to R, and 

30 ".../" is the square root function. 

Algorithm 2 

1/ For i=-Imax/2 to i=lmax/2 do [by increments of 1] 
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2/ For j=-Jmax/2 to j=Jmax/2 do [by increments of 1} 

[ calculation of the Cartesian coordinates Ex, Ey, Ez of the point E of the display window in the 

system OXY2] 

3/ Ey = j*cos(cpO) - Zoom*sin(cpO) 

5 4/ Ez = Zoom*cos(cpO) + j*sin(cpO) 

5/ auxl = Ez 

6/ 

7/ 

Ez = Ez*cos(90) - i *sin(90) 

Ex = i *cos(90) + aux 1 *sin(90) 

[calculation of the coordinates of the point P corresponding to the point EJ 

10 8/ aux2 = R/V(Ex*Ex + Ey*Ey + Ez*Ez) 

9/ Px = Ex*aux2 

10/ Py= Ey*aux2 

11/ Pz = Ez*aux2 

[ calculation of the coordinates of the point p corresponding to the point P, in the coordinate system 

15 (O'UV), by means of the function Fd] 

12/ X = Px/R 

13/ Y = Py/R 

14/ r = -V(X*X + Y*Y) 

15/ a= arcsine(r) 

20 16/ 

17/ 

U=X/r 

V=Y/r 

18/ pu = L*U*Fd(cx.) 

19/ pv = L*V*Fd(cx.) 

20/ Screen_Pixel[i,j] = Image_Pixel[pu,pv] 

25 21/ end for 

22/ end for 

[0096] 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 hemisphere, the 

30 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 vision and an 
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enlargement of the image sector presented in the window OW. The enlargement of the image sector 

presented to the observer is therefore equal to the ratio of the "Zoom" parameter by the radius R. 

[0097] When the steps 18 and 19 have been performed with a "Zoom" parameter higher than R, 

a gain in definition is obtained in the zones in which the image has been expanded at the time the 

5 shot is taken as there are still. While the 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, 

10 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. 

[0098] 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 

15 the calculations. 

[0099] It will be understood that the algorithm 2 is applicable when there are two 

complementary image disks, one corresponding 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° around an axis passing through the center of the panorama. In this case, two 

20 hemispheres and two image points called "Front_Image_Pixel" and "Rear_Image_Pixel" are 

defined: 

Front_lmage_Pixel[i,j]: color of a point E(i,j) on the hemisphere corresponding to the 

front photo, the coordinate point (0,0), being situated in the center of the image disk, 

Rear_lmage_Pixel[i,j]: color of a point E(i,j) on the hemisphere corresponding to the rear 

25 photo, the coordinate point (0,0) being situated in the center of the image disk. 

[0100] The steps 18 and following of the algorithm 2 are therefore modified as follows: 

18/ pu = L *U*Fd( a) 

19/ pv = L *V*Fd( a) 

20/ If Pz >= 0 then 

30 21/ Screen_Pixel[i,j] = Front_Image_Pixel[pu,pv] 

22/ If not Screen_Pixel[i,j] = Rear_lmage_Pixel[L-pu,pv] 

23/ End if 
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24/ end for 

25/ end for 

[0101] 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 in table 2 

5 in the Appendix, that is an integral part of the description. The acquisition S 1 and transfer S2 steps 

described above are again included. The step S2 is followed 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 on the image disk. 

10 [0102] II - Examples of embodiments of a non-linear panoramic objective lens according to 

the present invention 

[0103] 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 

15 invention will be described, the first being a direct-type objective lens and the second of indirect 

type, that is using mirrors. 

[0104] First embodiment 

[0105] Apodizers are optical systems well known by those skilled in the art, used to change the 

energy distribution (amount of light) of a source of light at the pupil. They are particularly used to 

20 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 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 neighbouring pin-point sources, these secondary rings are a 

nuisance and reduce the resolution. "Apodization" can thus be performed, that is these secondary 

25 rings can be removed by placing an adequate filter in the plane of the pupil. 

[0106] 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. 

[0107] Fig. 15 represents, by a cross-section, an example of an embodiment of a non-linear 

30 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 30 thus expanding the image in the center. 
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[0108] 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 LI, L2, L3, and a convergent optical 

group formed by lenses IA, L5, L6, L7 can be distinguished. A diaphragm DI is arranged between 

the lenses L6 and L 7. 

5 [0109] Parts B 1 to B4 and parts 13 to 16 are provided to hold the lenses. The part B 1 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 B 1 and allows the front lens LI to be fastened 

against the front of the part B 1, the back of the lens LI 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. 

10 The part B3 holds the diaphragm DI and comprises a cavity for receiving the back lens L7. The 

part B4 presses the lens L7 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 13 to 16 are 

dividers allowing the distances between the lenses L2 to L6 inside the body B 1 to be adjusted with 

precision. 

15 [0110] The divergent optical group LI, L2, L3 defines the field angle of the objective lens 30, 

here of 180°. The front lens LI 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 

20 of the back of the lens LI, which extends at the periphery of the concave part (useful part) of the 

back of the lens LI. The lens L3 is also of the planoconcave type and is in BK7. Its concave side is 

oriented towards the front, opposite the back of the lens L2. 

[0111] The convergent optical group IA, L5, L6, L7 forms an apodizer within the meaning of 

the present invention and determines the non-linear distribution function Fd, which is obtained here 

25 by means of a-spherical lenses and a diffractive lens. 

[0112] The lens IA is of the planoconcave type and is in PMMA. Its concave front is a-

spherical. The lens L5 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 

diffractive convex back. This diffractive back has a diffraction grating made up of circular 

30 diffractive zones centered on the optical axis 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. 
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[0113] The aspherical fronts of the lenses Ll, U and L6 are determined by means of a formula 

of the type: 

in which: 

5 "k" is a conicity constant, 

"Al", "A2", "A3", "A4", "AS" are constants for adjusting the coefficient of conicity according to the 

position, 

"z" is the shape of the surface, 

"r" is the radius at the center, and 

10 "C" is the radius of curvature. 

[0114] The diffractive back of the lens L6 allows the number of lenses required to produce the 

objective lens 30 to be 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: 

cp(r) = a.I (r!R0)2 + a.2 (r!R0)4 

15 in which: 

"r" is the distance in relation to the center of the lens of a point considered, located on the surface of 

the lens, 

a.I and a.2 are constants defining the phase shift of the wave surface, 

"RO" is a constant allowing r to be normalized, and 

20 "cp" is the phase shift introduced by the diffractive surface at the point considered. 

[0115] The lenses in PMMA Ll, U 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. 

[0116] The solid angle of propagation of the light rays in each lens is marked on Fig. 15 by 

25 black lines. The light rays pass through the optical group Ll, L2, L3, pass through the apodizer U, 

LS, L6, L7 while being stopped down by Dl. 

[0117] The determination of the parameters defining the aspherical sides mentioned above, the 

formula of the diffraction 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 

30 classical computer-aided lens design tools. 

[0118] Second embodiment 
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[0119] 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, 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 

5 M2 of aspherical concave shape. The beam reflected by the mirror M2 is sent onto an image sensor 

43. 

[0120] 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 obtained is equivalent to that of the optical system .described 

10 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. 

[0121] 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, 

15 which has the advantage of facilitating the engineering work. 

[0122] Yet another alternative involves using one or more deformable mirrors to produce a so-

called "adaptive" optical system. Deformable mirrors comprise a layer of piezoelectric micro

pistons covered by a reflecting layer. Each piezoelectric piston is activated individually, so that the 

distortions of the mirror can be controlled at several points to obtain the desired shape. This device 

20 can be driven by an 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. 

[0123] 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 

25 distortions. Deformable mirrors also exist in the field of optical disks, if reference is made for 

example to the U.S. Patent Nos. 5,880,896 and 5,745,278. 

[0124] 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 function. 

[0125] It will be understood that various other alternatives of the present invention may be 

30 made. 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 
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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. 

[0126] It will 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 

5 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 invention as defined 

by the appended claims. 
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APPENDIX (forming an integral part of the description) 

Table 1 

S 1 - Acquisition 

- Taking a panoramic image by means of a still digital camera or a digital video camera 

equipped with a panoramic objective 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 -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.1 

=> Obtaining a linear image disk 

S4 - Digitization 

- 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 

- Determination 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 enlargement, 

- 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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Table 2 

S 1 - Acquisition 

- Taking a panoramic image by means of a still digital camera or a digital video camera 

equipped with a panoramic objective 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 color 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 

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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CLAIMS 

We claim: 

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 

5 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. 

2. The method according to claim 1, wherein the objective lens has a non-linear 

10 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. 

15 

20 

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. 

5. The method according to claim 1, 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. 

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 lens. 

8. The method according to claim 6, wherein the set of lenses forming an apodizer 

25 comprises at least one diffractive lens. 

30 

9. The method according to claim 1, wherein the objective lens comprises a set of 

mirrors including at least one distorting mirror. 

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. 
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5 

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. 

12. The method according to claim 11, further comprising: 

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, 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 

10 point of the corrected image. 

15 

20 

13. The method according to claim 11, wherein the initial image and the corrected image 

comprise an image disk. 

14. The method according to claim 11, 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 means. 

15. The method according to claim 10, 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. 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, 

25 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 

30 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 
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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 comprises at least one substantially expanded zone and at least one substantially 

compressed zone. 

5 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. 

19. The panoramic objective lens according to claim 17, wherein the lens expands the 

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

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. 

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 

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

22. The panoramic objective lens according to claim 17, further comprising a set of 

lenses forming an apodizer. 

2l The panoramic objective lens according to claim 22, wherein the set of lenses 

forming an apodizer comprises at least one aspherical lens. 

20 24. The panoramic objective lens according to claim 22, wherein the set of lenses 

forming an apodizer comprises at least one diffractive lens. 

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 

25 comprising at least one distorting mirror. 
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ABSTRACT OF THE DISCLOSURE 

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 

5 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 distribution function of the objective lens or by means of the 

non-linear distribution function. 

10 
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RESOLUTION INVARIANT PANORAMIC IMAGING 

FIELD OF THE INVENTION 

This invention relates to generating wide angle images of spaces, generally referred to as 

5 panoramic imaging. 

BACKGROUND ART 

Panoramic imaging is becoming an important tool in the area of mobile robotics and machine 

1 O vision. There are many docume~ted methods for recording a panoramic view of a scene. One 

simple method involves having a series of cameras mounted on a ring ·to give views around 

the entire 360° of horizon. This involves, say, four cameras if they each have a field of view 

of 90° and some integration of imag_es. There are also a number of single camera methods for 

panoramic imaging, including rotating a camera about its vertical axis and taking pictures 

15 continuously to obtain a full panoramic view. Another approach uses wide angle lenses to 

achieve a large field of view, but these lenses are heavy, expensive and distort the image. 

An attractive approach to panoramic imaging is to mount a single fixed camera under a curved 

reflective surface covering a hemisphere such as with a conical, spherical, hyperboloidal, or 

20 other profile. The optical axis of the camera is aligned with the central axis of the mirror. A 

known family of constant gain reflective surfaces have the advantage that they can produce 

large fields of view such as for a hemispherical or hyperboloidal mirror yet preserve a linear 

relationship between changes in angles of incidence and reflection of light rays viewed by the 

camera. This linear relationship simplifies image processing and ensures constant elevational 

25 resolution of the image. The shape of the surface is determined by the gain of the linear 

relationship. For a unity gain, the surface is a cone; for higher gains, the surface is specified 

by a family of polynomial functions. For ease of explanation in this specification the 

panoramic plane will be considered as being horizontal and the field of view as vertical as 

would be the case for a robot moving in a horizontal plane. It will be apparent that in the 

30 general case orientation of the planes is arbitrary. 
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All the mirror shapes mentioned above share a common draw back. That is that the CCD 

cameras used for imaging invariably have uniform Cartesian arrays of pixels to capture the 

polar image of the scene, and so the pixel density per solid angle increases with the radius of 

the polar image. The unwarping process transforms the image from polar to Cartesian 

5 coordinates so that the angular coordinate in the original polar image maps to the x-coordinate 

in the unwarped image while the radial coordinate,maps to they-coordinate. Thus the pixel 

density in the unwarped image varies from low for small x values which correspond to the 

centre of the original image to high for -large x values which correspond to the outer rim of 

the -polar image. This is illustrated in Figure 1 which shows the unwarping of an image 

1 O captured with a hyperboloidal mirror. The variation in image quality is clearly evident in the 

unwarped version. 

One way to circumvent this problem_ is to use a specially designed CCD camera with a polar 

array of pixels with a pixel density which decreases with radius. There are alignment 

15 problems with such an approach. 

DISCLOSURE OF THE INVENTION 

In a first aspect this invention provides a panoramic imaging system including an imaging 

device having an image plane and a first field of view, a first reflective surface having at least 

20 one circularly symmetric portion convex in a radial direction disposed in said first field of 

view to provide an expanded panoramic second field of view, the profile of the or each 

convex portion providing a varying gain between the fields of view in the radial direction to 

limit variation in the solid angle of view across the image plane of the imaging device. 

25 Preferably, the profile of the coI1:vex portion provides a substantially uniform solid angle of 

view across the image plane. That is, the shape ensures that the resolution in the image is 

invariant to changes in elevation. Thus, where the imaging system involves a device with an 

array of uniformly spaced pixels in the image plane, the shape of the reflective surfaces results 

in solid angle pixel density invariance. 

30 
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The profile of the reflective surface in polar coordinates is preferably determined by solving 

the equation 

dr = r cot [ - 'lS J (I + o::(8)) de] de 

where r is the radial distance from the reflective surface to the imaging device 

5 e is the angle from the optical axis of the imaging device 

a (8) is the mirror gain given by 

10 

a (6) _= B~ [tan (6) + tan3 (6)] 

2(<1> - .m) 
B =------~ 

a tan2(8) - tan2 (f!) 

qi and p are the maximum and minimum elevations viewed 8 and ~ are the maximum and 

minimum radial angles imaged. 

In one approach r can be plotted against e at selected intervals to describe the profile by _ 

15 solving the above equation for selected va1ues of e. For example determining values of r for 

incremental values of e of about l /5 ° has been found to produce a sufficiently accurate profile 

for practical application. 

There are a number of methods for panoramic range finding. One method uses a cone mirror 

20 above a camera. The camera mirror assembly is either displaced during image collection. or 

two camera mirror assemblies are used to obtain the two views necessary for range finding. 

Although this method provides range information in the horizontal plane at video rates, its 

drawbacks are that no range information is available in the vertical (elevation) direction, 

objects must be more than a minimum distance from the camera and there may be a blind spot 

-- .. - -:·: 
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due to the second camera system. 

A discontinuous, axially symmetric mirror, which is in essence a coaxial mirror pair, mounted 

above a camera to ob_tain two views of a panoramic scene for stereo disparity range finding 

5 is known. There are however no proposals concerning specific mirror shapes to achieve 

specific desirable properties. Additionally, known constant gain mirror profiles have been 

generalised to derive a family of such coaxial mirror pair profiles for panoramic stereo 

imaging and processing based on disparities in the vertical plane. 

1 O In another aspect this invention provides for range finding using a panoramic imaging system 

containing two resolution invariaiit mirrors. Preferably the mirror or reflector surface has at 

least two of said convex portions arranged to respectively provide at least partially 

overlapping panoramic second fields of view for range determination. The second fields of 

view are preferably substantia11y co-incident. In the preferred form of the invention the two 

15 convex portions form a continuous mirror or reflective surface. 

In a further aspect this invention provides a design for a back to back stereo mirror system 

with the desirable property of equal pixel sharing between two cameras and thus the two 

stereo images. The stereo cone in this case is preferably symmetric in the directions 

20 orthogonal to the camera axis which is a desirable property for some applications. In this 

aspect of the invention the imaging system preferably includes two first reflective surfaces 

each having an associated image plane with corresponding first fields of view, and at least one 

corivex portion of each first reflective surface providing respective panoramic second fields 

of view, said first reflective surface being arranged back to back such that said reflective 

25 second fields of view at least par_;ially overlap. 

A second reflective surface can, in some applications be interposed between the image plane 

and the second reflective surface. This allows positioning of the imaging device for example 

behind the first reflective surface. In some variations :an apperture can be provided in the _first 

30 reflective surface to provide the first field of view from the imaging device. 
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In another aspect this invention provides a reflective surface for use in a panoramic imaging 

system including an imaging device having an imaging plane and a first field of view, said 

reflective surface having at least one circularly symmetric portion convex in a radial direction 

with a profile providing varying gain in the radial direction between an expanded panoramic 

5 second field of view provided by the reflective surface and the first field of view to limit 

variation fo the solid angle of view across the image plane of the imaging device. 

In yet a further aspect this invention provides mirrors having minimal intrusive designs, which 

intrude to a minimal extent into the viewing "hemisphere". These are also termed forward 

10 facing designs. They involve an additional planar mirror and camera relocation within the 

primary reflective surface. The attraction of this arrangement is that the first reflective mirror 

surfa~e profile is the same design as in a more conventional arrangement. 

The invention will be further described, by way of example only with reference to the 

15 accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates an unwarping process for a prior art panoramic imaging system; 

Figure 2 schematically shows the relationship between camera image and horizontal 

20 view direction in a panoramic imaging system; 

\. 
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Figure 3 illustrates geometric relationships between a reflecting surface and a camera 

used to derive mirror profiles according to this invention; 

Figures 4A and 4B. are graph~ showing a comparison of a constant gain mirror with 

5 · a variable gain mirror used in the imaging system according to this invention; · 

Figures SA and SB, shows ray traced scenes respectively reflected in constant and 

variable gain mirrors; 

Figures 6A and 6B, graphically illustrates a comparison of panoramic imaging systems 

respectively utilising double constant and variable gain mirror configurations; 

IO Figures 7 A and 7B, shows raced traced images of scenes respectively corresponding 

to panoramic imaging systerits utilising double constant and variable gain mirror 

configurations; 

Figure 8 schematically illustrates relationships between camera and reflective surfaces 

used in range calculation utilising a resolution invariant double mirror according to this 

15 invention; 

Figure 9 schematically illustrates a back to back mirror configuration according to this 

invention; 

Figure 10 schematically illustrates a double back to back mirror configuration 

according to this invention; 

20 Figure 11 schematically illustrates a forward looking panoramic imaging system 

according to this invention; and 

Figure 12 shows a system utilising a combination of the arrangements in Figures 10 

and 11. 

25 BEST MODE FOR CARRYING OUT THE INVENTION 

30 

The various aspects of this invention will, for clarity, be described under separate 

subheadings. 

1 Resolution. Invariant Mirror Families 
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This section describes a family of mirror designs that achieve the objective of resolution 

invariance, or equivalently solid angle pixel density invariance. 

5 1.1 Constant Image Pixel Density - The Variable Gain (a) Mirror 

In accordance with one aspect of this invention resolution invariance is achieved by adjusting 

the mirror profile to image relatively less of the scene in the centre of the image and relatively 

more at the perimeter. That is, a mirror profile is selected to maintain a constant relationship 

. 1 O between the pixel density and the., angle of elevation in the scene or more precisely, the solid 

angle. The mirror gain a, is the telationship between the change in elevation of rays incident 

on the mirror and the change in the angle of rays reflected into the camera as follows 

a =· oq> 
oe 

f 

(1) 

15 where o<P is the change in vertical elevation and 08 is the change in angle of reflected rays 

received by the camera. With resolution invariance a becomes a function of image angle e 

which is related to the radial coordinate in the image, p, as shown in Figure 2. 

Figure 3 schematically shows an imaging system including an imaging device in the form of 

20 a camera having an image plane and a first field of view. A reflective surface or mirror is ... 

in the first field of view to provide an expanded panoramic second field of view. The surface 

is circularly symmetric and convex in a radial direction. 

Consider a mirror profile (r, 6) in polar coordinates where r is the radial distance to the 

25 camera and 6 is the angle from the optical axis of the camera to the point on the mirror 

surface as shown in Fig. 3. The angle of incidence of a light ray relative to the mirror is y 

and the angle of an incoming light ray with respect to the vertical is cp. Then 

.. - -:·: 
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_ t -1 ( rde ) y - an --
dr 

(2) 

subject to the geometric constraint (from the law of reflection) 

2y + e + 4> ~ 1t (3) 

5 Differentiating (2) and (3) with respect toe 

dy·. =.'··.~ [tan-I( rde)] de 0 d8 . dr 
From (2) 

From (3) 

so, substituting a from (1) gives 

I 
=-- (1 +a) 

2 
(4) 

10 

Now, for a variable gain mirror, ex is a function of image angle 0 (related to the radial 

coordinate in the image, p) so (4) becomes 

(5) 

· or, rearranging 

15 
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dr =r cot(-~/(1 +a(6))d6] 
d6 
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(6) 

The equation for the mirror gain, a (6) to achieve pixel density invariance can be found using 

the following theory. 

1.1.1 Pixel Density Invariance Profiles 

There are p(p) pixels in an area,:of radius pin the image. More formally, there are 

p(p) = 1t1Cp2 

IO pixels in an area of radius p , where 1C is the number of pixels per unit area, a constant. 

Differentiating by p gives 

ap(p) = 211:1ep 
ap 

(7) 

Now, the radius in the image, p is related to the radial angle of a ray reflected from the 

IS mirror, 6 by the focal length of the camera, f (a constant) 

p =/tan(6) (8) 

so differentiating p(p) by 6 and substituting (7) and (8) gives 

20 
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ap(p) = ap(p) ap 
ae ap ae 

= 21ncp / atan(0) 
ae 

= 21tK/2 tan(6)(1 +tan2(0)) 

PCT/A U00/00022 

(9) 

Now, it is required that the image pixel density be invariant to angle of elevation in the scene 
\ 

which leads to more of the scene being imaged towards the perimeter, so 

p(p) = P4> + C(cp) - (10) 

where p and C(q>) are constants. Differentiating both sides of (10) by 4> and substituting (1) 

and (9) gives 

Rearranging (11) gives 

P a4> = op(p) 
a4> a4> 

f3= ap{p) • ae 
ae act> 

= 21tK/2 tan(6)(1 +tan2(6)) 
a(8) _ 

a(6) = ( 
2
"(;') tan(O)[I + tan2 (6)] 

= Ba [tan(8) + tan3(8)] 

(11) 

(12) 

where Ba is a constant. Integrating this expression for a(6) by e gives an expression for 4> 
15 (s~e (1)), the elevation of an object.imaged at angle e. That is 
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Ba 2 
<I> = - tan (8) + <I> ce = 0) 

2 
(13) 

where <I> (6 = 0) is a constant of integration. 

The constants Ba and <I> (8 = 0) can be determined from the maximum and minimum values 

5 of e and <I> which are known for a desired mirror configuration, using (13). 

2(<1> - ii!) 
B =-------

a tan2(6) - tan2 (ft) 
B 

<I> ( 8 = 0) = .Q! - 2a. tan2 (ft) 

(14) 

It appears not possible to find an analytical solution to (6) if ex is a function of 6, so there is 

no explicit equation for the mirror shape. Instead, a differential equation solver is needed to 

1 O find solutions to (6) over the range of e (the mirror surface). 

Figures 4A and 4B show for comparison a constant gain mirror and a variable gain mirror 

with the same camera field of view and range of elevations imaged. The rays shown are 

constantly spaced in e, with about 2° between each ray. It is clear from Fig. 4A that in the 

15 constant gain case these rays are constantly spaced in <I>, with about 8. 5 ° between each ray, 

and from Fig. 4, that the spacing between the rays in the variable gain case increases with 

increasing <f>. So, in the variable gain case, a greater proportion of the scene is imaged 

towards the outer edge of the polar image. This is also shown in Figures 5A and 5B, ray 

traced images reflected in a constant gain and variable gain mirror with the same range of 

20 elevations visible. 
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1.2 Panoramic Stereo Using a Variable Gain Mirror 

A mirror with two convex portions or a double mirror is required. The radial profile of a 

5 double mirror is shown in Figure 8. The mirror arrangement for panoramic ·stereo with 

variable gain mirrors will necessarily be different than for constant gain mirrors due to the 

variation of the mirror gain, «. The gain must vary in a constant fashion over the entire 

double mirror so that the constant pixel density 

theorem will hold over the entire image. If the minimum and maximum elevations viewed (<J> 

1 O and </J ) are to be equal for both ,,,mirrors in the double mirror system, the range of reflected 

angles ( "lJ - e ) cannot be equal for the two mirrors, The minimum and maximum angles of 

reflected rays captured by the camera over the entire mirror surface are known from camera 

geometry. Therefore the minimum ray reflected from the lower mirror (!!i. ) and the 

maximum ray reflected from the upper mirror(~ ) are known. So, since (12) holds over the 

15 entire mirror, Ba is constant, and from {14) 

20 

2(4> - sh) 2(4> - sh) --------=--------
(tan2 (6 1) - tan\~.1)) tan2 (62) - tan2

(~) 

tan2 (8 1) - tan2
(~) = tan2(82) - tan2

(~) 

tan2 (8) + tan2(~) = tan2(62) + tan2
(~) 

(15) 

It is desirable to minimise the ga_p in the radial direction between the images from the two 

mirrors so as to maximise usage of the camera field of view. For minimum gap 81 = f!i.. , 

so 

2 tan2(6~) = tan2 (62) + tan2
(~) 

_ _ [( tan
2
(62) + tan2(~)) VJ] e = tan l 

I 2 . 

(16) 
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Figures 6A, 6B and 7A. 7B show graphical and ray traced comparisons of constant and 

variable gain double mirror systems viewing the same scene. 

2.4 Calculation of Range for a Variable Gain Panoramic Stereo System 

The information available for range calculation -are the image angles for a single object 

reflected in both mirrors, 6 1 and 62 as shown in Figure 8. The two mirrors 6 1 and 6 2 form 

a reflective surface. The differential equations (6) for the surfaces are known. In the 

calculations that follow only the lower mirror is examined as the results are identical for the 

IO upper mirror. 

15 

In order to find the position of object P, the equations of the incident beams from P to each 

mirror reflection point (r1, 6 1) and (r2, 0z) must be found. These equations can then be solved 

simultaneously to give the position of object P, (xp, yp). 

YpHI -m11 

Xp 1 -m12 
-r"J 

CI2 

m12 mu (17) 

m12-mu m12-mn Cu 

= 

1 1 c12 

m12-mn m 12 -m11 
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where mn is the gradient of the incident beam to the lower mirror and C11 is the equation 

constant. The equation constant is given by 

where 

x1 = r1 sin 81 

y1 = r1 cos 81 

(18) 

(19) 

are the Cartesian coordinates of the reflection point (r1, 8 1). The gradient of the incident 

10 beam is found using the law of reflection 

(20) 

where mR1 is the gradient of the reflected beam from the lower mirror to the camera and 

15 dy/dx1 is the gradient of the lower mirror profile at the reflection point. The gradient of the 

reflected beam is 

20 

(21) 

The gradient of the mirror profile for the lower variable gain mirror is found as in the 

constant gain case, from 
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dyl dyl dxl 
-=-1-
dxl dfJI dfJI 

dr 1 • 
--COSfJ 1 -r1sm8 1 de, 

PCT/ AU00/00022 

(22) 

where dr/d8 for either mirror of the variable gain mirror configuration is found by integrating 

(5) and substituting (12). 

J dtan-'(,,:) = - ~ J (I + a(6))d6 

tan-i(, '!) ~ -~ e - ~· J (tan (6) + tan3{6)) de (23) 

1 Ba. = --6 - -tan2 (6) + D 
2 4 

where Dis a constant of integration. Rearranging (23) gives 

5 

dr ( 1 Ba 2 ) - = r cot - -6 - - tan (6) + D 
d6 2 4 

(24) 

Now from (23) and (2), 

1 B . 
D = y + -8 + ~ tan2 (6) 

2 4 
(25) 

10 so. for the lower variable gain mirror profile· 

. -- :: .. 
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1 Ba 2 
D 1 = .Yi + -!!i + - tan (!!i) 

2 4 

similarly for D 2, for the upper variable gain profile. 

PCT/AU00/00022 

So, by substituting (24) into (22) gives the gradient of the variable gain mirror profiles at any 

5 point. Note that as in the constant gain case, the gradient depends only one. 

The equation constants for the i~~ident beam equations from (18) require the polar coordinates 

of the reflection points from each mirror, (r1, 81) and (r2, Oz) . Since the variable gain mirror 

equations are not known exactly, r 1 and r2 must be found using a differential equation solver 

IO to find solutions to (26) at e 1 and. 02 • 

2 Back-to-back Stereo Mirror Families 

A key disadvantage of single camera stereo panoramic systems is that since there are two 

15 images of the "same" scene, the pixels assigned to each image is half that for non stereo 

panoramic imaging and the two images do not share an equal number of pixels in constant 

gain schemes. Actually, the panoramic stereo double mirror method typically causes the view 

of a scene in one radial direction to be compressed into around 1/4 the field of view of the 

camera. 

20 

A method to achieve panoramic stereo with less image compression is to use two cameras and 

two single curved mirror surfaces back to back, as shown in Fig. 9. This method compresses 

the imaged scene into 1/2 the field of view of the camera, and indeed each image has an equal 

share of the total number of pixels available. There are, however, possible alignment 

25 problems with this system as with any stereo system using two cameras to capture two views 

of a scene. 

An advantage of the scheme proposed in Fig. 9 is that the stereo cone can be symmetric about 
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the horizon using two cameras with equal fields of view and the maximum and minimum 

angles of elevation reflected by the two mirrors being equal. The angle covered by the stereo 

cone in this case is 2(/; - n. Fig.9 shows the general case where the maximum and minimum 

angles of elevations viewed by each camera rteed not be equal. The range of elevations must 

5 still be equal for the fields of view to be aligned. 

The number of free parameters to be specified are reduced here as the minimum angle of 

elevation (q> ) and from one mirror must be parallel to the maximum angle of elevation ('i/J) 

from the other mirror. This is to ensure that the fields of view are parallel. So. with reference 

10 to Fig. 9 

(26) 

In the scheme of Fig. 9, the mirror families can be either constant gain or resolution invariant. 

15 

2.1 The Use of Double Mirrors in a Back to Back Design 

Fig. 10 shows a back to back design incorporating double mirrors. Although the figure shows 

20 constant gain mirrors, the double mirror can also have a variable gain. The advantage to this 

system is that the stereo cone from the back to back configuration combines with the stereo 

cones from the double mirror configuration to increase the total area imaged in stereo. In this 

configuration, the fields of view of each double mirror pair need not be aligned as in previous 

examples. For symmetry about the horizon 1!J_. = 1!i_ , </)4 = 1!i._ , 

25 4>3 = 4>1 and ci>4 = 4>2 • The constraints 
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q>3 = TC - <P2 
<1)4 = TC - <f>1 

align the three stereo cones. 

It is also possible to increase the total stereo cone further by allowing the mirror pairs to have 

5 different gains. 

3 Forward Looking Mirror Design 

An example of a forward looking mirror design is shown in Fig. 11. For many applications. 

1 O it is desirable to have a panoramic camera looking out from, say, a hemisphere, somewhat as 

an eye of a bird, or perhaps two s1,1ch on either side of a "nose cone". There are aerodynamic 

considerations or other protrusion considerations which motivate such a "forward looking" 

system. This configuration is termed forward looking because the camera faces towards the 

scene. Either a constant or variable gain mirror (double or single) could be used for the 

15 curved mirror in the system. The planar mirror is an annulus or circle interposed such that 

all rays reflected from the curved mirror are reflected into camera o positioned behind the 

curved mirror. The dotted lines in Fig. 11 show where the reflected rays would converge if 

the planar mirror was removed and the dotted camera shows the camera o ' for an equivalent 

system without the planar mirror. 

20 

In order for the rays reflected by the planar mirror to converge at the new camera position. 

the planar mirror must be the perpendicular bisector of the line joining the old and new 

camera locations. Hence the distance between the camera locations is 2D where Dis defined 

in Fig. 11 as the distance from either camera to the planar mirror. The introduction of the 

25 planar mirror into the system does increase the possibility of alignment difficulties as the 

planar mirror must be perpendicular to the camera axis and also be positioned so as to reflect 

all rays from the curved mirror into the camera without occluding the view of the curved 

mirror. 
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The maximum value for D,D , is when the maximum beam reflected from the mirror system 

(the 6 beam reflected at point b on the planar mirror) into camera o grazes the curved profile 

at c. In this case 

D = r. cos (ft)[tan (ft) + tan (6)] 

2 tan (6) 
(27) 

D , defines the minimum height ___ for the mirror system, I_! . In practice, the value for D needs 

to be slightly smaller to avoid occlusion, leading to a larger mirror system height. The general 

equation for the height of the mirror system is 

H = r cos (8) - D (28) 

It should also be noted that e must be greater than zero for camera o to be located behind 

the curved mirror. Also, <I> ~ 6 if the minimum elevation ray <J> is not to be occluded by 

the planar mirror. 

Fig. 12 shows a design that incorporates the ideas of Sections 2 and 3. It consists of two 

forward looking systems back to back, giving a design reminiscent of a eye mounted on a 

stalk, such as a crab's eye. The "stalk" for this system would be hidden from view by the 

lower planar mirror. In this arrangement portions are provided in the curved mirror to 

20 provide for reflection of rays from the curved surface to the camera by the plane mirrors. 
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The foregoing describes only some aspects of the present invention and modifications can be 

made without departing from the scope of the invention. 
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CLAIMS: 

1. A panoramic imaging system including an imaging device having an image plane and 

a first field of view. a first reflective surface having at least one circularly symmetric portion 

5 convex in a radial direction disposed in said first field of view to provide an expanded 
.:.· -.· 

panoramic second field of view, the profile of the ot each convex portion providing a varying 

gain between the fields of view in the radial direction to limit variation in the solid angle of 

view across the image plane of the imaging device. 

10 2. A panoramic imaging sy~!em as claimed in claim 1 wherein the profile of the or each 

convex portion provides a substantially uniform solid angle of view across the image plane. 

3. A panoramic imaging system as claimed in claim 1 or claim 2 wherein the profile of 

the or each convex portion at least approximates a profile defined in polar co-ordinates by the 

15 equation: 

20 

:; = r cot [ - Y2 J (1 + cx(8))de] 

where r is the radial distance from the reflective surface to the imaging device 

e is the angle from the optical axis of the imaging device 

a (6) is the.mirror gain given by 

a (0) = Ba [tan (8) + tan3 (8)] 

2(<P - .m) 
B =-------

er tan2(8) - tan2 (6) 

cp and <P are the maximum and minimum elevations viewed 0 and e are the maximum and 

minimum radial angles imaged. 

·.- : ... 
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4. A panoramic imaging system as claimed in claim 3 wherein the profile of the or each 

convex portion includes by a series spaced apart points defined by determining distance r for 

selected values of angle 8. 

5 5. A panoramic imaging system as claimed in claim 4 wherein the selected values of e 
are separated by about 1/5°. 

6. A panoramic imaging system as claimed in any one of claims 1 to 5 including a first 

reflector surface having at least two of said convex portions arranged to respectively provide 

l O at least partially overlapping panoramic second fields of view for range determination. 

7. A panoramic imaging system as claimed in claim 6 wherein said panoramic second 

fields of view are substantially co-incident. 

15 8. A panoramic imaging system as claimed in claim 7 wherein said at least two convex 

portions form a continuous reflective surface. 

9. A panoramic imaging system as claimed in any one of claims 1 to 8 including two of 

said first reflective surfaces each having an associated image plane with corresponding first 

20 fields of view, and at least one convex portion of each first reflective surface providing 

respective panoramic second fields of view, said first reflective surface being arranged back 

to back such that said reflective second fields of view at least partially overlap. 

10. A panoramic imaging system as claimed in any one of claims 1 to 9 further including 

25 a second reflective surface interposed between the image plane and said second reflective 

surface. 

11. A panoramic imaging system as claimed in claim 10 wherein the imaging device is 

positioned behind the second reflective surface. 

30 
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12. A panoramic imaging system as claimed in claim 11 wherein an aperture is provided 

in said first reflective surface to provide said first field of view from the imaging device. 

5 13. A panoramic imaging system as claimed in any of claims 10 to 12 wherein said 

second reflective surface is substantially planar. 

14. A reflective surface for use in a panoramic imaging system including an imaging 

·device having an imaging plane and a first field of view, said reflective surface having at least 

IO one circularly symmetric portion convex in a radial direction with a profile providing varying 

gain in the radial direction between an expanded p~oramic second field of view provided by · 

the reflective surface and the first field of view to limit variation in the solid angle of view 

across the image plane of the imaging device. 

15 15. A reflective surface as claimed in claim 14 wherein the profile of the or each convex 

portion provides a substantially uniform solid angle of view across the image plane. 

16. A reflective surface as claimed in claim 14 or claim 18 wherein the profile of the or 

each convex port~on at least approximates a profile defined in polar co-ordinates by the 

20 equation: 

:; = r cot [ -Yi Jo + «ce))de] 

where r is the radial distance from the reflective surface to the imaging device · 

e is the angle from the optical axis of the imaging device 

a {8) is the mirror gain given by 

25 ex (6) = B" [tan (6) + tan3 
(~)] 

2(<p - .m) 
B =-------a 
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qi and 4> are the maximum and minimum elevations viewed B and ~ are the maximum and 

minimum radial angles imaged. 

17. A reflective surface as claimed in claim 16 wherein the profile of the or each convex 

5 portion includes by a series spaced apart points defined by determining distance r for selected 

values of angle e. 

10 

18. A reflective surface as claimed in claim 17 wherein the selected values of e are 

separated by about 1/5°. 

19. A reflective surface as claimed in any one of claims 14 to 18 including a first reflector 

surface. having at least two of said convex portions arranged to respectively provide at least 

partially overlapping panoramic second fields of view for range determination. 

15 20. A reflective surface as claimed in claim 19 wherein said panoramic second fields of 

view are substantially co-incident. 

21. A reflective surface as claimed in claim 20 wherein said at least two convex portions 

form a continuous reflective surface. 
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D s ription 

The present invention relates generally to visual im
aging systems, and more particularly to visual imaging 
systems and techniques which provide useful electronic 
manipulation of wide angle hemispheric scenes. 

The collection, storage, and display of large areas 
of visual information can be an expensive and difficult 
process to achieve accurately. With the recent increased 
emphasis on multimedia applications, various methods 
and apparatus have been developed to manage visual 
data. A unique class of multimedia data sets is that of 
hemispheric visual data. Known· multimedia methods 
and apparatus attempt to combine various multimedia 
imaging data, such as still and motion (or video) images, 

. . . .I 
with audio content us1n9 storage media such as photo-
graphic film, computer diskettes, compact discs (CDs), 
and interactive CDs. These are used in traditional multi
media applications in various fields, such as entertain
ment and education. Non-multimedia applications also 
exist that would employ hemispheric visual data, such 
as in security, surveillance, unmanned exploration, and 
fire and police situations. However, as will be :described 
below, the ~nown methods and apparatus have certain 
limitation in capturing and manipulating valuable infor
mation of hemispheric scenes in a rapid (ie 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 un
fortunately results in the consumption of vast quantities 
of film collected from multiple cameras requires special
ly-designed carriages to carry and support the cameras 
during filming of the scene.and necessitates synchroni
zation of shots during capture and display. The technique 
is also limited in that the visual image cannot be obtained 
with a single camera nor manipulated for display, eg pan, 
tilt, zoom, etc., after initial acquisition. Hence, this tech
nique, while providing entertainment, is unable to fulfil 
critical technical requirements of many functional appli
cations. Other known techniques for capturing and stor
ing visual information about a large field of view (FOV) 
are described in US Patent Nos. 4, 125,86?; 4,442,453 
and 5,185,667. In US Patent No. 4,125,862, a system is 
disclosed that converts single information from a scene 
into digital form, stores the 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. US Patent 
No. 4,442,453 discloses a system in which a landscape 
is photographed and stored on film. The film is then de
veloped, 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 of view, 
do not generate visual image data in the format provided 
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by the techniques of this invention, and are also not eas
ily manipulated for further display, eg pan, tilt, etc. 

The technique disclosed in the U.S. Patent No. 
5, 185,667 overcomes some of the above-identified 

5 drawbacks in that it is able to capture a near-hemisph ric 
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. 

For many hemispheric visual applications, however. 
10 a system of the type described by the '667 patent has 

limitations in obtaining sufficient information of critical 
and useful details. This is particularly true when the cam
era is:oriented with the central axis of the lens perpen
dicular to the plane bounding the hemisphere of acqui-

15 sition (i.e. lens pointing straight up). In 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 ar~ contained in central areas of the field located 
closer to the axis of the lens (the horizon being defined 

20 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 

25 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 
area of the view, it contains little or no useful information 
requiring higher relative resolution. 

so To obtain sufficient detail on the critical objects in-the 
scene. the technique should be able to differentiate be
tween the relevant visual information along the horizon 
and the remaining visual information in the scene in order 
to provide greater resolution in areas of higher impor-

35 tance. The system described by the '667 patent does not 
differentiate between this relevant visual .information 
contained along the horizon and the remaining visual in
formation in this scene. Thus, it fails to yield a sufficient 
quality representation of the critical detail of the scene 

40 for projected applications. _ 
Instead, techniques ·described above -concentrate 

on obtain,ing, storing, and displaying the entire vis.ual in
formation in the scene, even when portions of this infor
mation are not necessary· or useful. To obtain the 

45 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 pho
tographic film or electronic detector or imager is placed). 
Known examples of U.S. Patent No. 5,185,667 and U.S. 

· 50 Patent No. 4,442,453 respectively use a fish-eye lens 
and a general wide-angle lens. As these lenses map in
formation of a large field without differentiation between 
the central and peripheral areas, information from the pe
riphery will be less fully represented in the image plane 

55 than from the central area of acquisition. 

2 

U.S. Patent No. 4,170,400 describes a wide-angle 
optical system employing a fibre optic bundle that has 
differing geometric shapes at the imaging ends. Al

le 
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though this is useful in itself for collecting and reposition
ing image data, bending of light is a natural characteristic 
of optical fibres and not exclusive to that patent. Further, 
4, 170,400 employs a portion of a spherical mirror to gath
er optical information, rendering a very reduced subset 
of the periphery in the final imaging result. This configu
ration is significantly different from the multi-element lens 
combination described in the present invention. 

Imperfections in the image representation of any 
field inherently result from the nature of creating an im
age 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 in-. 
crease proportional to this angle cubed. Hence, aberra
tions are more highly exaggerated in the peripheral are
as with respect to more central areas of a hemispheric 
image. 

Although the lens types above achieve a~ view of a 
large field, the valuable content from the peripheral areas 
lacks in potential image quality (resolution) mapping be
cause the imaging device and system does not differen
tiate between these areas and the central areas of less 
valuable detail. Often, the difference between the imag
ing capabilities between the two areas is comp·ensated 
for by using only the central portion of a lens to capture 
the scene ("stopping the 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 further degrades the per
formance of the lens by limiting the amount of light which 
is allowed to enter the lens, and thus reducing the oyerall 
intensity of the image. 

More typically, the peripheral content imaged by a 
conventional lens is so degraded in comparison with the 
central 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 inher
ent to large fields, the relevant information of the horizon 
in the scene can be underutilized or worse yet -- lost. 

Another limitation in patent 5, 185,667 is its organi
zation for recording only views already corrected for per
spective. The nature of that methodology is that the spe
cific view of interest must be selected and transformed 
prior to the recording process. The result is that no ad
ditional sele_ction of views can be accomplished after the 
storage process, reducing system flexibility from the us
er's perspective. 

Hence, there is a demand in the industry for single 
·camera imaging systems that efficiently capture, store, 
and display valuable visual information within a hemi
spheric field of view containing particularly peripheral 
content, and that allow electronic manipulation and se
lective display of the image post-acquisition while mini
mizing distortion effects. 

':··- : . . 
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The present invention provides a new and useful vis
ual imaging system that emphasizes the peripheral con
tent of a hemispheric field of view using a single camera. 
The captured visual information can be stored as a single 

5 image using conventional chemical-based (film) or elec
tronic data stora,ge techniques. The invention allows us
er-selected portions of a hemispheric scene to be elec
tronically manipulated and displayed from the stored vis
ual database in a real-time and cost-effective manner. 

10 According to the present invention there is providecr-
a system for electronic imaging and manipulation of a 
hemispheric field of view, comprising: 

a camera for receiving optical images of a h~mi
spheric field of view and for producing output signais or 

15 affecting photographic film-based materials correspond
ing to the optical images; 

an optical imaging device associated with the cam
era for producing optical .images throughout the hemi
spheric field of view for optical conveyance to the cam-

20 era, the optical system having a configuration adapted 
to capture and enhance an image of peripheral regions 
of the hemispheric field of view; 

an image processing device associated with the 
camera and the optical imaging system for receiving op-

2s tical images from the lens and for providing digitized out
put signals representative of the receiv.ed optical images; 

input image memory for receiving the digitized out
put signals from the imager device and for storing the 
digitized output signals; 

30 image transform processing circuitry fo'r selectively 
accessing and processing the digitized output signals < 
from the input image memory according to user defined 
criteria; · 

output image memory for rece_iving the processed 
35 signals from the image transform processor, and 

an output display or recording device connected to 
the output image memory for recording the signals in the 
output image memory. 

Suitably the optical system magnifies a portion of the 
40 field of view within a range of approximately one to for

ty-five degrees above the horizon of a captured image 
of a hemispheric field of view, and preferably the optical 
system has a configuration which images a peripheral 
portion of the hemispheric scene onto at least 50% of an 

45 imaging area of an imaging device. 
The optical system may ·include a wide field multi-el

ement lens positioned to direct an image to a· light trans
mitting fibre array, particularly one wherein the fibre array 
is geometrically arranged to have a generally annular in-

50 put end and a generally rectangular output end, or 
wherein the fibre array' is·geometrically arranged to have 
a generally annular input end and ·a generally circular 
output end. Preferably the fibres of the fibre array have 
an imaging accuracy on the order of three microns. The 

55 system is most suitably one wherein the focal length of 
the wide field lens fs scaled to match a desired magnifi
cation of the peripheral field of view. 

The system is suitably configured such that the op-

3 
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tical imaging system includes a colour-aberrated multi
ple element wide fi Id lens in combination witl)a gradient 
index hemispheric lens, in particular wherein the image 
processing device is an electronic imager. and preferably 
of the type wherein the image processing device is a 
charge-coupled device. · 

The system of the invention is preferably one where
in the image processing device is photographic film, and 
more preferably further includes a capture and conver
sion device that converts the optical images on the pho
tographic film into digital output signals for input to the 
input image memory. A suitable capture and conversion 
device is an NTSC-to-digital conve,rter. 

Data from the capture and conversion device is pref
erably input to a source image tra,ri,e butter, in particular 
wherein the image transform pr?cessing circuitry com-. 
prises an image re-sampling /sequencer; the image 
re-sampling sequencer preferably controls address se
quencing of pixels in the source image frame buffer, and 
the image transform proces~1ng circuitry suitably further 
comprises row and column/warp engines. 

The image transfonT)·/processing circuitry may fur
ther comprise a warped/image buffer connected to.the 
warp engines and to wryich an output of the source image 
frame buffer is input. ;the image transform processing 
circuitry may further ¢omprise a look-up table containing 
transformation par/meters for perspective correction of 
hemispheric field ¢f view images. Such image transform 
processing circuitry preferably further comprises an in
terpolation coefficient buffer connected to the look-up ta
ble to update the transformatiqn parameters, and con
nected to a multiply/accumulate unit. · 

In the system of the present invention the output dis
play may be worn on or a_ttached to a viewer's head, so 
that the orientation of the viewer with respect to the im
aged surroundings is ele~tronically conveyed and inter
preted as user controls. 

According to a, second embodiment of the present 
invention there is provided a system for imaging and ma
nipulation of a l"!emispheric field of view comprising: 

(i) an optical system for producing an optical image 
of a hemispherical field of view, the optical system . 
having a central lens axis coaxial with a central axis 
of the hemispherical field of view and a configuration 
which emphasizes through differential magnification 
of peripheral content of the hemispherical field of 
view, the optical image having a defined usable 
image area when projected onto a plane;· 

(ii) a camera optically coupled to the optical system 
for receiving optical images of the hemispherical 
field of view and for producing an output correspond-
ing to the optical images; .J 

(iii) input image memory coupled to the camera for 
receiving and storing the output from the camera; 
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(iv) a processor coupled to the input image m mory 
for selectively accessing from the input image mem
ory and processing output from the camera, the 
processor for transforming the output from the cam-

5 era according to user defined criteria into a proces
sor output which has a peripheral image content 
emphasis which differs from that of the optical sys
tem; 

.10 (v) output image memoi;Y coupled to the processor 
for receiving and storrg the processor output; and 

/ 
/ 

(vi) an output device coupled to the output image 
memory for rendering the stored processor output 

15 into a visual, .image transformed from the optical 
image in accordance With the user defined criteria. 

The optical system suitably has a configuration that 
images the peripheral portion of a hemispherical scene 

20 onto a portion of the optical image usable image area 
which is at least about fifty pe~cent of the optical image 
usable image area. 

Preferably the optical system has a configuration 
that. images the peripheral _portion of a hemispherical 

25 scene onto a portion of the 'optical image usable image 
area which ranges from about fifty percent to about nine
ty percent of the optical image usable image area. 

Alternatively the optical system may have a config
uration which emphasizes through differential magnifica-

30 tion at least a portion of that content of the hemispherical 
field of view which lies between a base plane of the hem
ispherical field of view and a right cone defined about 
said central lens axis; said cone having an included an
gle of forty five degr,ees between said central lens axis 

35 and a line generatir;ig said cone and with said line gen
erating said cone p·assing through the point of intersec
tion of said central lens axis with said base plane. 

More prefer?bly the optical system has a configura
tion that imagei/the peripheral portion of a hemispherical 

40 scene onto a portion of the optical fmage usable image 
area which isr'no more than about ninety percent of the 
optical imaQi:l usable image area, and may suitably be 
an optical ~stem comprising:, 

·I I 
' . 

45 (i) a wide field multi-element lens; and a coordinated 
fibre array geometrically arranged to have a gener
ally annular input end and a generally rectangular 
output end; or 

50 (ii) a wide field mJlti-element lens; and a coordinated 
fibre array geometrically arranged to have a gener
ally annular input end and a generally annular output 
end. 

55 

4 

(iii}a colour-aberrated wide field lens; and a gradient 
ind~x ?emispheric le~s. 

The _system may suitably_further comprise an imager 
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device interposed between the camera and the input im
age memory for receiving the output from the camera 
and for generating a digitized output, and further wherein 
the input image m mory, the processor, and said output 
image memory receive, store and process the digitized 
output. Preferably the camera comprises a light sensitive 
electronic image capture element and the imager device 
comprises an electronic digitizer circuit. More preferably 
the system further comprises photographic film for pho
tographically capturing said output from the camera and 
further wherein the imager device comprises a capture 
and conversion device which converts the photographi
cally captured output from the camera into the digitized 
output. 

The system of this embodiment is preferably one 
wherein the processor comprises image processing and_ 
warping circuitry for transforming the output from the 
camera according to user defined criteria into a proces
sor output which has a peripheral content emphasis 
which differs from that of the optical system, and more 
preferably the image processing and warP,~ng circuit 
comprises_ an arithmetic logic unit (ALU), and further.the 
processor comprises a storage memory device coupled 
to the ALU for receiving and storing control programs for 
determining-the functions served by the ALU,.and a con
trol program stored in the storage memory,-device and 
accessible to the ALU for controlling the ·9peration of the 
ALU to transform the output from the ca·mera according 
to user defined criteria into a process9r output which has 
a peripheral/central content empha~is which differs from 
that of the optical system. _. 

The processor suitably geneirates processor output 
which represents a selected portion of the hemispherical 
field of view. ./ 

The system aptly includ~s an output device compris
ing a visual display devic;:e for displaying a visual image 
closely adjacent the e¥es of an observer. 

In the preferred ,embodiment of the invention the 
processor generates,,processor output which represents 
a selected portion of the hemispherical field of view, and 
the system furth~f comprises: 

sensors fi:ir detecting the orientation of the head or 
eyes of an observer, and 

a link between the sensors to the processor for 
modifying the generation of processor output as a func
tion of the detected orientation of the eyes of an observer. 

In a further preferred embodiment of the present in
vention there is provided a method for electronically cap
turing, storing, and manipulating a hemispheric field of 
view, comprising the steps of: 

providing an optical system having a configuration 
that enhances the peripheral portion of the field of view, 

capturing the hemispheric field of view with the pe
riphery-enhancing optical system and imaging the field 
of view onto an imager device by enhancing the periph
eral field of view, 

storing the captured image as a single image, 
selectively accessing a portion of the stored image 
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according to user-defined criteria, 
transforming the stored image so that the stored 

image can be displayed as a perspective-correct image, 
displaying the perspective-correct image in a us

s er-defined format. 

10 

15 
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Preferably the transforming step comprises manip
ulating the peripheral-enhanced image into a perspec
tive-correct image. 

In this preferred embodiment the periphery-enhanc-
ing optical system optionally.selectively magnifies visual 
content within an arc of between 1 O and 45 degrees up 
from the horizon in a hemispheric field of view onto the 
imager device. 

The method may also include a storage step com-
prising storing the captured image onto photographic film 
and the step of selectively accessing. a portion of the 
stored image comprising converting -the image from the 
photographic film into digital output format. The storage 
step preferably comprises sto~irig the captured image in 
electronic storage. . ·· 

In a further embodiment of the present invention 
there is provided a method for electronically manipulat
ing a hemispheric scene having an enhanced peripheral 
field of view stored 'as an image on photographic film, 

25 comp_rising the steps of: 

30 

.. 35 

converting the image on the photographic film into 
electronic output signals, 

selectively accessing a portion of the output sig
nals according to user-defined criteria, 

transforming the accessed portion of the output · 
signals by manipulating the peripheral-enhanced field of 
vi.ew so that the stored image can be displayed as a per-
0Spective-correct image, 

displaying the perspective-correct image in the us
er-defined format. 

In yet a further embodiment of the present invention 
there is provided a method for generating image se
quences over physical distances from a reduced set of 
enhanced-periphery hemispheric images, wherein inter-

40 mediate images are interpolated from a combination of 
adjacent hemispheric images, the method comprising 
the steps of: 

defining how many intermediate images are need
ed to satisfy the simulation of motion-video or film-based 

45 movie cameras; 
interpolating needed intermediate images from a 

combination of adjacent hemispheric images; 
identifying or electronically tagging interpolated im

ages, then storing or recording them for later introduction 
so to the image processing subsystem; 

loading original and interpolated image data sets 
in appropriate sequence to the image processing sub
system at rates sufficient to simulate real-time motion 
video, and 

ss displaying the perspective-correct image in the us-

- 5 

er-defined format. 
In yet a further embodiment of the present invention 

there is provided a system for electronic manipulation of 
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a hemispheric scene, comprising: 
a camera imaging system for imaging a hemi

spheric field of view; 
an optical system associated with the camera im

aging system for producing the optical images through
out the field of view for optical conveyance to the camera 
imaging system; 

an imager device associated with the camera for 
receiving the optical images from the lens and for pro
viding digitized output signals; 

input image memory for receiving the digitized out
put signals from the imaging device and for storing the 
digitized output signals; 

image transform processor circuitry for selectively 
accessing and processing the digitized output signals 
from the input image memory according to user-defined. 
criteria; 

output image memory for receiving the processed 
signals from the image transform processor means; 

an output display device or electronic recording de
vice connected to the output image memory for display
ing or recording the signals in the output image memory 
according to user-defined criteria; 

the optical system having a configuration that em
phasizes the peripheral content of the field of view of a 
hemispheric scene as compared to the central content, 
such that the imager device receives magnified optical 
images of the peripheral portion of the hemispheric field 
of view. 

The visual imaging system of the invention involves 
ither a still image or a moving picture camera, electronic 

or otherwise, having a lens with enhanced peripheral 
content imaging capabilities. The lens provides an en
hanced view of the valuable information in the scene's. 
periphery by imaging a field 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 re
solving 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 ce·ntral area of 
the scene must be minimized by the lens so that it does 
not interfere with the peripheral content now covering a 
wider annulus in the image plane. Information in the im
age plane is then detected by an Jmager device (either 
a photographic film or electronic iniager or video detector 
~may). The detected information of the entire hemispher
ic scene is then stored as a sipgle 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 processor subsystem electronically manipu
lates the scene for display as a perspective-correct im-

. age on a display device, such as a conventional monitor 
or TV, as if the particular portion of the scene had been 
photographed with a conventional camera. The trans
form processor subsystem compensates for the distor-
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tion 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 se
lected portion of the scene into standard viewing format. 

5 The transform processor subsystem can also more fully 
compensate for any aberrations of the enhanced periph
eral image because of the image's improved resolution 
as it covers a larger portion of the iµ'lage device (in
creased number of pixels used to d,e'i:ect and measure 

10 the smallest detail in the periphery_iimage). More pixels 
equates to more measurement dqia, hence more accu-
rate data collection. ,/ 

The stored image can also be manipulated by the 
transform processor subsystem to display an opera-

15 tor-selected portion of the/ image through particular 
movements, such as pa~. zoom, up/down, tilt, rotation, 
etc. 

By emphasizing tt:le peripheral content of a scene, 
the visual imaging system can use a single camera to 

20 capture the relevant visual information within a panoram
ic field of view existing along the horizon, while being 
able to convent.ionally store and easily display the scene, 
or portions thereof, in real-time. Using a single optical 
system anc:!16amera is not only cost-effective but keeps 

25 all tiemisptieric visual data automatically time-synchro-
nized. ·· 

qn~ advantage of the present invention is that the 
unique visual imaging system lens can capture informa
tion from a hemispheric scene by emphasizing the pe-

30 riph.eral portion of the hemispheric field of view and thus 
/provide greater resolution with existing imaging devices 
for the relevant visual information in tbe scene. As an 
example, if an ordinary fish-eye lens focuses the lowest 
15 degrees up from the horizon on 1 0% of the imager at 

35 the objective plane and the peripheral-enhancing lens fo
cuses that same 15 degrees on 50% of the imager, there 
is a 5-fold increase in resolution using the same imaging 
device. Depending on the application and exact formu
lation of the lens equations, there will be at least a 5X 

40 increase in resolving power by this lens/imager combi
nation. 

Another advantage of the present invention is that 
the captured scene information having an enhanced pe
ripheral content can be stored as a single image using 

45 conventional storage techniques, allowing post-acquisi
tion selection of particular views. 

Still another advantage of the present invention is 
that the image can be read out from storage and elec
tronically manipulated at any time after acquisition to pro-

50 vide flexibility in display options, as opposed to being 
stored in conventional perspective formats only. 

Another advantage is that the system can generate 
motion video from a reduced set of still images through 
interpolation and inter-scene warping. Still other advan-

55 tages of the present invention should become apparent 
from the following detailed description and appended 
claims. 

The following detailed description is made with ref-

6 
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erence to the accompanying Figures, wherein like refer
ence numerals refer to like parts. 

In the annexed drawings:· 

Figure 1 is a schematic illustration of the various 
components and organization of the visual imaging 
system of the present invention; 

Figure 2A is a cross-sectional diagram of a wide 
angle lens system of the prior art; 

Figure 28 is a box diagram indicating the field input 
and output rays and the resulting relative field cov
erage a lens of the prior art typically provides in an 
image plane for detection by an imager device; 

Figure 2C is a cross-sectional diagram of a lens sys
tem of the prior art indicating angular key to visual 
field; 

,: 

Figure 3A is a cross-sectional diagram of one 
embodiment of a peripheral image enhancing lens 
system of the present invention; 

Figure 38 is a box diagram of the annulus field input 
of a bundled fibre array portion of the lens system of 
Figure 3A; 

Figure 3C is a box diagram of the imager interface 
output of a bundled fibre array portion of the lens 
system of Figure 3A; 

Figure 4A is a cross-sectional diagram of another 
embodiment of a peripheral image enhancing lens 
system of the present invention; 

Figure 48 is a box diagram indicating the field input 
and output rays indicating the resulting field cover
age of the lens system of Figure 4A; 

Figure 5 is a schematic representation of the map
ping locations of the lens systems of the present 
invention resulting upon an imaging device; 

Figure 6 is a schematic block diagram of the image 
processing circuitry of the present invention includ
ing the transform processor subsystem thereof; 

Figure 7 is a block diagram schematically indicating 
further integration of a portion of the image process
ing circuitry of Figure 6, and 

Figure 8 is an alternate embodiment of the image 
processing circuitry of the present invention incor
porating the integrated circuitry elements of Figure 
7. 
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The invention will be defined initially with a brief de
scription of the principles thereof. 

The present invention stems from the realization by 
the inventors that in many of the technical hemispheric 
field applications, where the image detector is parallel 10 

the horizon, much of the relevant visual information in 
the scene (eg 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 rel
evant 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. ' 

To maximize data collection and resolution for anal
ysis and/or display of the relevant visual information lo
cated in this portion of the hemispheric scene, it is desir
able to maximize the dedication of the available image 
detection area to this peripheral field portion. To accom
modate this, it is necessary that the "central" portion of 
the scene (from 45 to 90 degrees with respect to the ho
rizon) cover only the remaining areas of the imager plane 
so as not to interfere with light from the periphery. 

In many cases, since the "central" area contains less 
25 detailed information, such as a solid white ceiling or a 

clear or lightly-clouded sky, it is allowable to maximize 
completely the dedication of the available image detec
tion area to the peripheral field portion by reducing the 
portion of the imager device representing the •central" 

30 area to near zero. Of course, ·in certain instances, it is 
desirable to analyze· this less detailed information, but 
this portion of the scene c.;i.n be minimized to some extent 
without significant degradation of such visual informa
tion. As will be described herein in more detail, the 

35 present invention provides two manners (Example I and 
Example II) for capturing, storing, and selectively dis
playing the critical visual information in a scene for many 
important applications. 

Referring now to the drawings, and initially to Figure 
40 1, the visual imaging ·system of the invention includes a 

still image or moving picture camera 10, having a lens, 
indicated generally at 14, designed to capture and en
hance the peripheral content of a hemispheric scene. 
The captured scene can be stored onto an assortment 

45 of media, eg photographic film 16, electronic storage 18, 
or other conventional storage means. Electronic storage 
1 B is preferred because of the ease of electronic manip
ulation thereof. Additionally, photographic film 16 re- · 
quires an image scanner 20 or other capture-and-con-

50 version method to change the image into electronic for
mat before electronic manipulation can be performed. 

The stored electronic image data is then selectively 
accessed by a transform processor engine 22 and can 
be electronically manipulated according to user-defined 

55 criteria.~such as pan, up/down, zoom, etc. The transform 
processor 22 corrects the image for display on a conven
tional display device 28 in a norma.1 viewer format or on 
head-mounted displays 30, in which integrated orienta-

7 
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tion-sensing devices having, for example, wearer eye fo
cus detection function, can be used to manipulate and 
define the user controls. 

I Image Acquisition 

a. Camera 

The camera 10 for the visual imaging system is an 
optical device that is capable of receiving a focused im
age from a lens and transforming that image into an elec
tronic signal or into hard copy storage such as photo
graphic film. Various types of cameras for wide-angle 
viewing are known to those in the art, such as 35mm 
cameras, 8mm cameras, NTSC, RS170 and HDTV-type 
cameras. The present invention is designed to be com
patible with most commercially-available two-dim en-· 
sional cameras, with scaling of the lens geometries. It 
also has the technological capability to be applied to 
three-dimensional cameras. The camera can be mount
ed and supported in a conventional manner. 

b. Lens With Enhanced Peripheral Content 

The fundamental principle behind the enhanced pe
ripheral content lens is the selective magnification of the 
periphery and the focusing of more of that content on the 
objective 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 fo
cused on the objective plane surface, the more points of 
data that can be resolved with a given density of imaging 
device or material. Therefore, tor this new class of se
lective magnification lenses, the surface area of the im
aging 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 de
signed for 1-1 0 degree peripheral emphasis or 1-45 de
gree 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 
l-45 degree emphasis. 

The lens 14 for camera 10 provides a collection of 
data for enhanced digital processing of the peripheral 
portion of a given field of vievv. 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 
achieving the goals of the present invention can be con
figured in various ways to present an image of the field 
free of detrimental values of critical aberrations. Two ex
amples or embodiments are preferred. Example I, as il
lustrated by Figures 3A-3C, preferably is a multi-medium 
system comprising a wide-angle multi-element optical 
lens and a fibre optic imager device. Example 11 as illus
trated by Figures 4A-4B, preferably is a combination sys
tem comprised of multiple refractive· optical elements, 
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one of which is of gradient index material and hemispher
ical in shape. The inventors define that other configura
tions relying on binary optics could also be utilized to ac
complish similar results. 

5 The system of Example I is best suited for applica-
tions where the capture of the minimal information con
tained in the central area is irrelevant. A coordinated fibre 
bundle array 40, either rigid or flexible, carefully aligned 
and assembled by methods known to those skilled in the 

10 art, is used to capture a peripheral annulus of the wide 
field image provided by the multi-element wide field lens. 
The multi-element wide field lens 42 therefore, although 
covering the same field as standard wide field lenses, is 
required to provide a larger image of the entire field. This 

15 can be accomplished by those skilled in the art by scaling 
a standard lens to a larger focal length until the desired 
image size is reached. (REF. Journal of the Optical So
ciety of America, 1964, Lens Designs Presented by Mi
yamota; Smith, W.J., Modern Lens Design, Ch. 5.4 

20 "Scaling a Design", McGraw-Hill, Inc. 1992. Also see 
U.S. Patent No. 4,256,373 by M. Horimoto for additional 
wide-field lenses.) 

The fibres, arranged in a specific mechanical man
ner, deliver the information in a geometrically annular 

25 shape from the peripheral image area to either the rec
tangular or circular shape of a specific imaging device. 
Specific configurations can be devised for desired pe
ripheral coverage ( up to 10 degrees through 45 degrees) 
and matched to required image detector plane geometry. 

30 (REF. Sect. 13, Fibre Optics, Handbook of Optics, Mc
Graw-Hill Inc., 1978.) Referring to Figure 3A. for a de
sired angle O (theta), a standard wide-field lens design 
is ·scaled in "f", the focal length, to provide ry' such that 
the minimum pick-up area of the camera imaging device 

35 (2r') is met. In the "Camera/lmager Interface" portion of 
the figure, the equation for fibre bundle radius is related 
to the imager is: 

40 

A . ( ") 2 ") 2 ( . 2 2 rea at 1mager = p1 r y' - {p1 r x' = p1)( r y' - rx' ) 

lmager length= 2r', where. r' = ry,
2 

- rx,2 

. 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 tield of view pr~ferably en-

45 compasses between approximately 90% to 100% of the 
entire usable area of the imager device, rath-er than the 
35% or less that is typical with commercially-available 
wide-?mgle, fish-eye, or other conventional lenses. A 
con~guration in the form of Example II achieves an im-

so age in which the peripheral portion preferably encom
passes between 50"/o to 70% of the usable area of the 
imaging device surface. 

55 

8 

The system of Example II is.best suited for applica
tions where all information contained in the field of view 
is relev.ant, aJ!hough to differing degrees. The combina
tion system of Example i'I relies on the principle use of a 
Bravais System where a hemispherical lens 52 or a com
bination of lenslets magnify an object to an image, 
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wherein the object and image lie in the same plane. In 
this case, the hemispherical lens 52 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 hem
ispherical curve or lenslets they pass through. This con
cept is used in combination with a multi-element refrac
tive lens 54 that is designed to capture a wide field of 
view and also compensate for the colour aberration in
duced by insertion of the hemispherical lens. This colour 
compensation can be designed by those skilled in the art 
by using a computer optimization routine.(REF. M. Hori
motoand u.·s. Patent No. 4,256,373.) By use of the hem
ispherical gradient index unit with a wide field multi-ele
ment lens, the portion of the camera dedicated to the pe
riphery is increased, thereby increasing the relative res- . 
elution of information detectable by the imaging device 
sensing elements. With the gradient index hemisphere, 
index values decrease from the centre, such that: 

The operation of the optical systems is schematical
ly illustrated in Figures 2A-B. 4A and 4B. In Figure 2A, 
arc X represents the field of view of the "centre• of the 
lens system; while the arc Y represents the practically 
usable portion of the "peripheral" field. The areas X'-and 
Y' in Figure 2A represent the resultant image focal loca
tions on the imager at the object plane. Arc Z and area 
Z' represent areas outside the normal imaging range of 
the lens. (No actual demarcation lines would exist in ac
tual use: this is merely for explanatory purposes.) 

Figure 2A represents a typical wide-angle type lens 
32, while Figure 4A represents a lens constructed ac
cording to the principles of the present invention. As 
should be apparent from comparing Figures 2A and 4A, 
a typical wide-angle type lens has a fairly significant por
tion of the image 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 
objective surface dedicated to the peripheral field -- and 
consequently less of the surface dedicated to the central 
field. · 

The portion of t~e image surface used for the periph
eral portion of the scene (as compared with the central 
portion of the scene) can vary depending upon the par
ticular prescription of lens specified, which is selected to 
capture items of interest for a given application. For ex
ample, if the imaging system is used to captur_e a ·pano
rama of an outdoor scene, the relevant visual information 
may be contained within 1 O degrees of the horizon. The 
lens of the present invention can thus be designed to en
hance only the field of view within 10 degrees of the ho
rizon. On the other hand, if the imaging system is being 
used to capture a room scene within a building, the rel
evant visual information may include 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 
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from the horizon. Of course, the enhanced portion of the 
field of view depends upon the needs of the particular 
application. with the enhanced portion preferably falling 
somewhere between these two extremes. In any case, 

5 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 processors, as will be described herein in 
more detail. 

10 As illustrated in Figure 3A, a preferred form of the 
Example I form of optical system comprises a standard 
wide field lens 42 and a coordinated fibre array 40. The 
focal length of the wide field lens is scaled in order to 
match the peripheral field of view desired. The coordi-

15 nated fibre array consists of an annular input face 44 that 
collects the image projected from the standard wide field 
lens. The fibre bundle array then redirects the informa
tion from the peripheral view to its output end by total 
internal reflection. Fibres capable of 3 micron accuracy, 

20 covering the area of the annular region, are coordinated 
into a rectangular or circular shape at their output, de
pending on the geometry of the corresponding imaging 
device. The size of output is also matched to the camera 
imaging device used. 

25 Of course, these system configurations and param-

30 

eters are ~nly exemplary in nature and other configura
tions and parameters of the present invention could be 
used to provide enhanced peripheral imaging capabili
ties, as should be apparent to those skilled in the art. 

a lmager Device 

An electronic camera 10 used for exemplary purpos
es includes an imager device that records the optical im-

35 age from the lens at the object plane. For a photographic 
process, the imaging medium is film, while for an elec
tronic process, the imaging medium is an electronic de
vice such as a charge-coupled device (CCD) or 
charge-injected device (CID). As indicated previously, 

40 electronic processes are typically preferred over photo
graphic processes as they are easier to electronically 
manipulate. Photographic processes, however, can be 
preferred in certain situations. Numerous makes and 
models of film and electronic imaging devices are known 

45 to those skilled in the art that provide uniform resolution 
across the receiving surface. 

When the imager device is used with a lens con
structed according !O the principles qf the present inven
tion, the imager device will collect more information 

50 along the horizon than it will from the central area of the 
hemispheric scene. With only a given limited resolution 
of either film emulsions or CCD pixel density, the lens 
focuses more useful information at the objective plane. 
The peripheral portion of the scene will therefore have a 

55 higher relative resolution in the resultant transformed im
age than the central portion. Thus, the details of any ob
jects along the horizon will be highly accentuated. Fur
ther. any distortion (eg spherical aberration) that occurs 

.9 
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in the peripheral region of the lens will be imaged onto a 
larger surface and can thus be more easily and fully com
pensated for. The image mapped onto the imager device 
can be described by a series of concentric circles, as 
schematically illustrated in Figure 5. As an example, 
each circle a, b, c, d, etc. on the imager device can be 
described by radii of arbitrary units, e.g., 2, 5, 9, 14, etc., 
respectively. The radii of the circles depends on the mag
nification of the different regions of the hemisphere, with 
the sections of the outer circles having a greater area as 
the magnification of the peripheral region increases. For 
example, 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 inven
tors have determined that the arc subtending the two out-. 
er circles (i.e., 36 degrees from the horizon) contains the 
relevant intormation in many hemispheric scenes for 
many applications (although this value can be varied de
pending upon the particular application). 

Calculating the total circular area of the entire image 
circle yields 1257 units squared. The area of the three 
inner circles is 254 units squared. Therefore, t_he two out
er circles contain about 80% of the usable area on the 
imaging device. Note that the image blocks correspond
ing to the horizon are 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 domi
nated by objects along the horizon, and those are the 
area of interest. This correlates to greater resolution for 
the peripheral areas of the scene. 

If for some reason an Example I circular-output op
tical system is configured with a square or rectangular 
imaging device, the corner areas of the imaging device 
are not useful for photographic purposes. However, 
these areas can be used to store other information, for 
example, such as digitized audio content or other sec
ondary documentation from the scene, if the imager is 
radially. mapped 1 :1 with electronic memory. 

11 Image Storage 

The image received on the imager device is passed 
on to the system components for storage. For photo
graphic processes, a storage device might be film; while 
for electronic processes, the storage device might be 
electronic storage in the form of random access memo
ries, a conventional diskette or hard file, or video record
ing tape. The entire display of the scene (alorig with any 
secondary documentation) can be stored as a single im
age on the storage device. 

The image is stored 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 en
hanced· peripheral field of view of the lens (i.e., magnifi
cation along the periphery). The underlying concept is 
that a partial slice of the scene can be reproduced with 
the proper aspect ratio for the human visual system (i.e., 
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as a perspective corrected view). 
As schematically diagrammed in Figure 6, the stored 

image is loaded into the source image buffer 40 if it has 
been stored in electronic form on a host system such as 

5 a personal computer or controller. Alternatively, the im
age can be brought in for processing without going 
through storage. As one option, an analog signal from a 
video camera can connect into an NTSC-to-digital con
verter 60. This converts the image from analog informa-

10 tion into a digital bit map (i.e., into "pixels"). The source 
image is then loaded into the source image frame buffer 
62. However, as indicated previously, any type of camera 
can be used to provide the electronic input to buffer 62. 
The buffer preferably operates with sufficient speed so 

15 that real-time viewing is possible. 

Ill Image Retrieval/Display 

The stored image can be selectively accessed and 
20 transformed for display. If the storage is photographic 

film, an image scanner may be used to convert the stored 
image into an electronic format for subsequent manipu
lation. In order to recreate a proper display of the scene 
in two dimensions for perspective correct viewing, proc-

25 essor logic in transform processor engine 22 is utilized. 
The transform processors may be made of collections of 
small-scale, medium~scale, large-sc~le, or 
very-large-scale integrated (VLSI) cir<::uits, examples of 
which are image resampling sequencers such as the 

30 TMC2301 and TMC2302, commercially available from 
Raytheon Semiconductors (formerly TRW LSI Products, 
Inc., LaJolla, CA.). 

In Figure 6, resampling sequencers control the ad
dress sequencing of the pixels in the source image buffer 

35 62 through a multiply/accumulate unit 64, and from there 
into the warped image buffer 66. The sequencers control 
the filtering or remapping of 2-dimensional images from 
a set of Cartesian coordinates (x,y) as defined within 
each sector "unit" (A 1, 81, etc.) onto a newly transformed 

40 set of coordinates (u,v). The "fish-eye• type of transfor
mations described in U.S. Patent No. 5;185,667 are 
based on non-constant second-order derivatives. A dif
ferent set of second-order derivatives would be em
ployed for the transforms associated with the peripher-

45 al-enhancing configurations of the present invention. 
The sequencers can also handle three-dimensional im
ages by resampling them from a set of Cartesian coor
dinates (x,y,z) into a new, transformed set (u,v,w). Typi
cally these sequencers can support nearest-neighbour, 

so bilinear interpolation or convolution resampling, and can 
operate at speeds allowing real-time operation. 

Remapped pixel locations (i.e., interpolation "ker
nels") of more than one pixel in the bit map require an 
external interpolation coefficient look-up table 68 and the 

55 multiply/accumulate unit. 64. A table "walk" is typically 
performed on each source pixel, thus providing a 
smoother image by summing the products of the original 
lens image data with the appropriate interpolation coef-

. 10 
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ficients. By capturing the hemispheric tens image data 
into source image buffer 62, the warp engine can be pro
grammed to perform a perspective correction, much like 
an inverse keystoning effect. The remapping of the pixel 
locations is matched to the diff rential magnification of 
the particular periphery-enhancing lens system used. 

Direct access to the interpolation coefficient look-up 
table 68 and to the transformation parameters is also de
sirable to allow dynamic modification of the interpolation 
algorithm. Thus, a local interpolation coefficient buffer 70 
to update the varying transform parameters is included 
to allow for real-time still and motion image transforma
tions. 

The row and column warping engines 72a, 72b of 
the transform processor 22 supply addresses to the 
source image buffer 62. The addresses are determined _ 
by the interpolation algorithm chosen. The multiply/ac
cumulate unit 64 takes the pixels supplied by the source 
image buffer 62 under warping engine control and mul
tiplies the pixels together using combinational logic with 
weighting factors dependent on the algorithm. ,Compen
sation 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 66. The ad
dress location within the warped image buffer is again 
determined by the warping. The algorithm parameters 
from look-up table 68 are input to the registers ofthe row 
and column warping engines 72a, 72b, as well as into 
the interpolation coefficient buffer 70. 

The memory controller/clock circuitry 74 provides 
refresh control to the source and warped image buffers 
62, 66. In addition. all clock sources are synchronized 
through this circuitry. The bus interface and control cir
cuitry 76 also provide an interface to the host system bus 
(ie for MCA, ISA, etc.) and the remapping circuitry. This 
interface logic serves to IOf!d control information into the 
remapping 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 sys
tem bus prior to warping. An optional random access 
memory digital-to-analog converter (RAMDAC) 78 pro
vides support for a local display connection if desired. 

One feature of the transform processors is the valid 
source address flag within the transform processor en
gine. This allows the user to construct abutting subimag
es in the (x,y) plane without danger of edge interference. 
Thus, edge detection of the unused areas outside the 
circular image of Figure 5 can alert the system to ignore 
these values. .. 

The image capture function can be accomplished 
with either still or motion video devices or as pre-record
ed digital data. All types of image data are input to the 
source image buffer 62 for processing as desired. Note 
that while the preferred mode for still image capture will 
·come from previously captured images through a local 
host bus interface 76, the NTSC digitizer 60, for example, 
can provide real-time data from an external video cam
era. Any similar device that converts an image to the ap-

BNSDOCID: <EP _069SOB5A1 I > 

propriate C!igital format for input to the source image buff
er can be substituted for digitizer 60. In the same fashion, 
an electronic still imager, such as an electronic still cam
era. line scanner, or table scanner, can provide still im-

5 age data for processing. Prerecorded distorted images 
generated through this invention's optical system can 
also be input through an additional conversion device to 
allow dynamic manipulation of previously recorded im
age data. 

10 The image transformation performed on the cap-
tured digitized image fro~ modified hemispheric coordi
nates to planar coordinates for display is one of a multi
tude of possible image transformations, any of which can 
be invoked in real-time for smooth merging of effects. 

15 These transformations include, but are not limited to 
pans. up/downs, zooms, tilts, rotations, scaling, cropping 
and 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 

20 the course of manipulation. These services can be ap
plied 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 dis
play system. 

25 The advantage of the image transformation logic be-
comes 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 

30 image coordin-ates for still images can also be se
quenced. allowing perceived animation or full-motion 
renditions by simply reloading new source image coor
dinates into the warping engines as frames are drawn 
from memory. Details from other stored images can be 

35 utilized to give the effect of full-motion panning of the ho
rizon within the captured image by the lens. 

An additional feature of the present invention is its 
ability to create motion video presentations with a re
duced set of still frames, as compared with the number 

40 of full-motion frames ordinarily required. For example, 
when a set of building storefronts is filmed with a tradi
tional motion picture camera from the back of a moving 
truck, each frame contains the time-based content of the· 
image entering the traditional lens and only one limited 

45 field of view is available at a time. With the system of the 
present invention, motion can be reconstructed from a 
greatly reduced subset of frames because the greater 
field of captured data already contains picture content 
from the next frame and previous frame due to its excep-

50 tionally wide angle. By analyzing picture content within 
a host computer program, intermediate frame equiva
lents sufficient to complete a full-motion data set can be 
constructed and fed to the source image buffer in se
quence for processing. Alternatively, separate circuits 

55 operating at real-time rat s can interpolate intermediate 
values and supply changes in transformation parame
ters for existing still images fast enough to synthesize 
motion sequences. Preference for one technique over 

_11 
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another will be dependent on the specific application re
quirements and other development/market considera
tions. 

Finally, the transform processor subsystem can pro
duce multiple different outputs simultaneously from indi
vidual stored or currently-converted images. With the 
main transform processor circuits collected into a simpli
fied single image processing subsystem 80 as shown in 
Figure 7, multiple outputs may be generated from a sin
gle image source, either motion or still, with individual 
effects for each scene as desired, allowing several 
scenes on different display devices or several windows 
on a single display. This is accomplished by incorporat
ing several image processing subsystems 80 within one 
overall system, as shown in Figure 8. 

In all cases, by having greater resolution of the pe
ripheral image of a scene, the details of any objects along 
the horizon will be enhanced. Further, aberrations occur
ring around the periphery of the lens (i.e., spherical ab
errations) can be more fully and completely compensat
ed 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 hem
ispheric field of view existing particularly along the hori
zon, and that allows electronic manipulation and selec
tive display thereof even after acquisition and storage, 
while minimizing distortion. 

The principles, embodiments, and modes of opera
tion of the present invention have been described in the 
foregoing specification. The invention that is intended to 
be protected herein should not, however. be construed 
to the particular form described as it is to be regarded as 
illustrative ratherthan restrictive. Variations and changes 
may be made by those skilled in the art without departing 
from the spirit of the present invention. Accordingly, the 
foregoing detailed description should be exemplary in 
nature and not limiting as to the scope of the invention 
as set forth in the appended claims. 1 ,. I') ,. 
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3. 

4. 

receiving optical images from said lens and tor pro
viding digitized output signals representative of the 
received optical images; f 

input image memory for receiving the digitized 
output signals from said imager devic~ and for stor-
ing the digitized output signals; , 

image transform processing circuitry for selec
tively accessing and processing the digitized output 
signals from said input image meefiory according to 
user defined crtteria; ! 

J 

output image memory for Jeceiving the proc-
essed signals from the image t/ansform processor, 
and ' 

an output display or rJcording device con
nected to said output image ti"nemory for recording 
the signals in said output image memory. 

f 

The system as claimed in c}aim 1 , wherein said opti
cal system magnifies a pprtion of the field of view 
within a range of approximately zero to forty-five 
degrees above the horiz,6n of a captured image of a 
hemispheric field of vief.,. 

I 
The system as claime/i in claim 1 or 2, wherein said 
optical system has ~/configuration which images a 
peripheral portion of/the hemispheric scene onto at 
least 50% of an im/ging area of an imaging device. 

j 

The system as claimed in claim 3, wherein said opti
cal system incluqes a wide field multi-element lens 
positioned to direct an image to a light transmitting 
fibre array. i 

I 
{ 

S. The system a~· claimed in claim 4 wherein the fibre 
array is geon;ietrically arranged to have a generally 
annular inpuf end and a generally rectangular output 
end. 1 

ll 

6. The syste~ as claimed in claim 4, wherein the fibre 
array is ,~eometricaily arranged to have a generally 
annula.{. input end and a generally circular output 
end. / 

{ 
-! 

1. 
7. The/system as claimed in claim 4 wherein the fibres 

A system for electronic ima'ging and manipulation of 45 of ~he fibre array have an imaging accuracy on the 
a hemispheric field of vi~w, comprising: order of three microns. 

a camera for reifeiving optical images of a / 
hemispheric field of yiew and for producing output 8. The system as claimed in claim 4 wherein the focal 
signals or affecting photographic film-based materi-

1
J~ngth of the wide field lens is scaled to match a 

als corresponding 1to the optical images; so / desired magnification of the peripheral field of view. 
an optical irrlaging device associated with said / 

camera for progucing optical images throughout the 9,,/ The system as claimed in any one of claims 1 to 8, 
hemispheric field of view for optical conveyance to wherein said optical imaging system includes a col-
said camera,/~aid optical system having a configu- / our-aberrated multiple element wide field lens in 
ration adap!'d to capture and enhance an image of ss/ combination with a gradient index hemispheric lens. 
peripheral {egions of the hemispheric field of view; / 

an irfiage processing device associated with / 
said camera and said optical imaging system for 

12 
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10. A method for electronically capturing, storing, and 
manipulating a hemispheric field of view, comprising 
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the steps of: 
providing an optical system having a configu

ration that enhances the peripheral portion of the 
field of view, 

capturing the hemispheric field of view with the 5 

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 10 

image according to user-defined criteria. 
transforming the stored image so that the 

stored image can be displayed as a perspective-cor-
rect image, 

displaying the perspective-correct image in a 15 

user-defined format. 

20 
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[0081] One feature of the transform processors is the 
valid source address flag witl)in the transfonn processor 
engine. This allows the user to construct abutting subim
ages in the (x,y) plane without danger of edge interfer
ence. Thus, edge detection of the unused areas outside 
the circular image of Figure 5 can alert the system to 
ignore these vall,ies. 
[0082] The image capture function can be accom
plished with either still or motion video devices or as pre
recorded digital data. All types of _image data are input 
to the source image buffer 62 for processing as desired. 
Note that while the preferred mode for still image cap
ture will come from previously captured images through 
a local host bus interface 76, the NTSC digitizer 60, for 
example, can provide real-time data from an extemal 
video ~era. Any similar device that converts an image 
to the appropriate digital fonnat for input to the source 
image buffer can be substituted for digitizer 60. In the 
same fashion, an electronic still imager, such as an elec
tronic still camera, line scanner, or table scanner, can 
provide still image data for processing. Prerecorded dis
torted images generated through this invention's optical 
system can·also be input through an additional conver
sion device to allow dynamic manipulation of previously 
recorded image da1a. 
(0083] The image transformation performed on the 
captured digitized image from modified hemispheric co
ordinates 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, tilts, rotations, scal
ing, cropping and image shear, which can be controlled 
using human or compu~er input. Image filtering can be 
performed as well as edge detection in associated proc
esses during the course of manipulation. These servic
es can be applied to any system image loaded into the 
source image buffer, thus providing a host of added fea
tures beyond the simple application of the hemispheric 
lens and display system. 
[0084] The advantage of the image transformation 
logic becomes apparent when describing particular ap
plications. A security camera application can be imple
mented to view an entire panorama such that the s~u
rity monitor will display full-motion rate images in real
time. Source image coordinates for still images can also· 
be sequenced, allowing perceived animation orfull-mo
tion renditions by. simply reloading new source i_mage 
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 horizon within the captured image by the lens. 
[0085] An additional feature of the present invention 
is its ability to create motion video presentations with a 
reduced set of still frames, as compared with the number 
of full-motion frames ordinarily required. For example, 
when a set of building storefronts is filmed with a tradi
tional motion picture camera from the back of a moving 

truck, each frame contains the time-based content of the 
image entering the traditional lens and only one limited 
field of view is available at a time. With the system of 
the present invention, motion can be reconstructed from 

s a greatly reduced subset of frames because the greater 
field of captured data already contains picture content 
from the next frame and previous frame due to its ex
ceptionally wide angle. By analyzing picture contentr 
within a host computer program, intermediate frame 

10 equivalents" sufficient to complete a full-motion data set 
can be constructed and fed to the source image buffer 
in sequence for processing. Alternatively, separate cir
cuits operating at real-time rates can int~rpolate inter
mediate values and supply_ changes in transformation 

1s parameters for existi11g still images fast enough to syn
thesize motion sequences. Preference for one tech
nique over another will be dependent on the specific ap
plication requirements_ and other development/market 
considerations. 

20 [0086] Finally, the transform processor subsystem . 
can produce multiple different outputs simultaneously 
from individual stored or currently-converted images. 
With .the main transform processor circuits collected into 
a simplified single image processing subsystem 80 as 

2s shown in Figure 7, multiple outputs may be generated 
from a single image source, either motion or still, with 
individual effects for each scene as desired, allowing 
several scenes on different display devices or several 
windows on a single display. This is accomplished by 

30 incorporating several image processing subsystems 80 
within one overall system, as shown in Figure 8. 
[0087] 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 
35 · occurring around the periphery of the lens (i.e., spherical 

aberrations) can be more fully and completely compen
sated for, as the aberrations are spread across a greater 
area on the·imager device. 
{0088] · As.described above, the present invention pro-

40 vides a visual imaging system that efficiently captures, 
stores, and displays visual information about an en
hanced hemispheric field of view existing particularly 
along the horizon, and that allows electronic manipula
tion and selective display thereof even after acquisition 

45 and storag·e, while minimizing distortion. 

Claims 

so 1. A visual imaging system for electronic imaging and 
manipulation of a hemispheric field of view, com
prising: 

55 

12 

a camera (10) for receiving optical images of a 
hemispheric field of view and for producing out
put signals or affecting photographic film-based 
materials corresponding to the optical images; 

\ 
I 
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an optical imaging device (14,42,54) associat
ed with said camera (1 0) for producing optical 
images throughout the hemispheric field of 
view for optical conveyance to said camera 
(10); 

an image processing device (10,20) associated 
with said camera (10) and said optical .imaging 
device for providing digitized output signals 
representative of the received optical images; 

an input image memory (18) for receiving the 
digitized output signals from said image 
processing device and for storing the digitized 
output signals; 

an image transform processor (22) for selec
tively accessing and processing the digitized 
output signals from said input image memory 
according to user defined criteria; 

an output image memory for receiving the proc
essed signals from the image transform proc
essor,. and 

an output display (28,30) or recording device 
connected to said output image memory for dis
playing or recording the signals stored in said 
output image memory; 

characterised by said optical imaging device 
having a configuration adapted to capture and 
enhance an image of peripheral regions of the 
hemispheric field of view and for magnifying a 
portion of the field of view within a range of ap
eroximate!y oo!a.k> fo[ty five degrees above the 
horizon of a captured image of a hemispherical 
field of view. 

2. The system as claimed in claim 1 wherein said op
tical imaging device has a configuration which im
ages a peripheral portion of the hemispheric scene 
onto at least 50% of an imaging area of an imaging 
device. 

3. The ·system as claimed in claim 2, wherein said op
tical imaging device includes a wide field multi-ele
ment lens (42) positioned to direct an image to a 
light transmitting fibre array (40). 

4. The system as claimed in claim 3 wherein the fibre 
array (40) is geometrically arra_nged to have a gen
erally annular input end and a generally rectangular 
output end. 

5. The system as claimed in claim 3, wherein the fibre 
array (40) is geometrically arranged to have a gen
erally annular input end and a generally circular out-

put end. 

6. The system as claimed in claim 3 wherein the fibres 
of the fibre array (40) have an imaging accuracy on 

5 the order of three microns. · 

7. The system as claimed in claim 3 wherein the focal 
length of the wide field lens (42) is scaled to match 
a desir~d magnification of the peripheral field of 

10 view. 

a. The system as claimed in any one of claims 1 to 7, 
wherein said optical imaging device includes a col
our-aberrated multiple element wide field lens in 

1s combination with a gradient index hemispheric lens. 

20 

25 

30 

35 

40 

45 

9. A method for electronically capturing, storing, and 
manipulating a hemispheric field of view, compris
ing the steps of: 

providing an optical system having a configura
tion that enhances the peripheral portion of the 
field of view, 

capturing the hemispheric field of view with the 
periphery-enhancing optical system and imag
ing the field of view onto an imager device while 
enhancing the peripheral field of view by selec
tively magnifying the visual content within an 
· arc of between one to forty five degrees up from 
the horizon, 

storing the captured image as a single image; 

selectively accessing a portion of the stored im
age according to user-defined criteria, 

transforming the stored image so ttiat the 
stored image can be displayed as a perspec
tive-correct image, 

displaying the perspective-correct image in a 
user-defined format. 

Patentanspruche 

1. Visuelles Abbildungssystem zur elektronischen Ab
bildung und Bearbeitung eines halb~ugelformigen 

sa Sichtfeldes, das Folgendes umfasst: 

eine Kamara (10), um optische Bilder eines 
halbkugelformigen Sichtfeldes zu empfangen 
und Ausgangssignale zu erzeugen oder Mate-

55 rialien auf der Grundlage von fotografischem 
Film, die den optischen Bildern entsprechen, zu 
beeinflussen; 

13 
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Abstract 

A system for electronic imaging of a hemispheric field of view includes a camera for receiving optical images of the field of viE 
and for producing output data corresponding to the optical images. The camera includes an optical assembly for producing 
images throughout a hemispheric field of view for optical conveyance to an imaging device or photographic film. The optical 
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Data supplied from the esp@cenet database - 12 



' ·~"' . ' ' ~· ~ 

"'· .: ",, 

iH\S PAGE BLANK lUSPlO) 

ve

stg ad fn

LGE Exhibit 1002

LGEv. ImmerVision

Page 246 of 266



,-
<( 
I.() 
,-
a, 
¢ 
0 
0 
,-

CL w ,·· 

(19) J) Europaisches Patentamt 

European Patent Office 

Office uropeen des brevets 

I lllllll l~llllll lllll llllllllll lllll lllll llll ~111111111~11111111111 ~II 
c11> EP1004915A1 

(12) EUROPEAN PATENT APPLICATION 

(43) Date of publication: 
31.05.2000 Bulletin 2000/22 

(21) Application number: 99304759.6 

(22) Date of filing: 17.06.1999 

(84) Designated Contracting States: 
AT BE CH CY DE DK ES A FR GB GR IE IT LI LU 
MCNL PTSE 
Designated Extension States: 
AL LT LV MKRO SI 

(30) Priority: 25.11.1998 JP 35075198 

(71) Applicants: 
• Frt Corporation 

Suwa-Gun, Nagano-Pref. 393-0023 (JP) 
• Rios Corporation 

Okayama-Shi, Okayama-Pref. 700-0942 (JP) 

(51) Int. Cl.7: G028 13/06 

• Advanet, Inc. 
Okayama-Shi, Okayama-Pref. 700-0971 (JP) 

(72) Inventor: 
Nagaoka, Tooru, 
c/o AT Corporation 
Suwa-gun, Nagano-Pref, 393-0023 (JP) 

(74) Representative: 
Roberts, Gwilym Vaughan et al 
KILBURN & STRODE, 
20 Red Lion Street 
London WC1 R 4PJ (GB) 

(54) Image pick-up device, image display device and information recording medium comprising 
a f isheye lens 
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Description 

[0001] The present invention relates to an image 
pick-up device comprising a fisheye lens, an image dis
play device and an information recording medium, all of 5 

which can obtain a high-quality converted image when 
an image picked up by the tisheye lens is converted into 
a plane image. ~ 

[0002) A monitoring system using a camera which 
enables product examination at a plant or construction 10 

work at a construction site to be monitored from a 
remote place has recently been developed. In this mon
itoring system, depending on what is monitored, capa
bility of monitoring a wide range at a limited number of 
cameras is desired. To realize this, the development of .15 

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 

image picked up by the fisheye lens having the above 
characteristics involves such a problem that the periph
eral portion of the image is distorted. 

[0006] An object of the present invention is to pro
vide an image pick-up device comprising a fisheye lens, 
an image display device and an information recording 
medium, which minimize missing portions of image data 
by extracting a large volume of image data at a field 
angle of around go0 with respect to the optical axis of 
the fisheye lens to reduce interpolating of the missing 
portions and can obtain a natural plane image when 
images of all the directions of the field of view around 
the optic~! axis are picked up at a field angle of at least 
90° with respect to the optical axis and are converted 
into plane images. 
[0007] Various other objects, advantages and fea
tures of the present invention will become readily appar
ent to those .of ordinary skill in the art, and the novel 
features will be particularly pointed out in the appended; 90° in each direction with respect to the optical axis is 

under way. 20 claims. 
[0003] 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 the center of the sphere, an image 
of half of the sphere is picked up by the fisheye lens. the 25 

camera is turned at an angle of 180° from that position. 
an'.image of the other half 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. 30 

This image is converted into a plane image. 
[00041 As the monitoring system comprising a fish-
eye lens of the prior art, there is a system disclosed by 
Japanese Patent Application Laid-open No. HeiS-
501585 (to be referred to as "prior art" hereinafter), for 35 

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 rela
tionship of h = f • e (wherein h is the height of an 
image of a. subject at a certain point obtained by the 40 

fisheye lens, f is the focal distance of the fisheye lens 
and 0 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. 
HeiG-501585. Conventional fisheye lenses generally 45 

have a relationship of h = f • 6 and Nikon's 8-mm f/2.8 
fisheye lens has the above relationship of h = f • 0 . 
[0005] The method of picking up an image by a fish-
eye lens having this relationship of h = f • 8 and con
verting the image into a plane image is called 50 

"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 go0 with respect to the optical axis 
of the fisheye lens). when the image is converted into a 55 

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 

-2 

[0008] 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 pick-
ing up an image of all the directions of the field of view 
around the optical axis 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(6/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, 
1.6::;; m ::;; 3, m-0.4 ~ n ~ m + 0.4. and 8 is a field angle). 
[0009] 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. 
[001 O] Further, according to a third aspect of the 
present invention, there is provided an image display 
device comprising an image data processing unit for 
converting an image obtained by the image pick-up 
device of the first or second aspect of the present inven
tion into a plane image and a display unit for displaying 
the converted plane image. 
[0011] 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 image obtained by a fisheye lens hav-
ing a relationship of h = nf • 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, 6 is a field angle, 
1.6::;;m:s:3. and m-0.4::;;n~m+0.4} into a plane image, the 
step of displaying a predetermined portion of the con-
verted plane image on a display unit and the step of 
changing continuously the predetermined portion with 
instruction means. 
[0012) _One of the fisheye lens used in the present 
invention has the relationship of h = 2f • tan(8/2). 
Compared with an ordinary fisheye lens having a rela
tionship of h = f • 6 , an image at a peripheral portion 

·.·; .. -.,··· 
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(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 accordance with the present 
invention. · Wrth this, when a picked-up image is to be 5 

converted into a plane image. the interpolating of image 
data can be reduced. thereby making it possible to 
obtain a more natural plane image. 

[0013) The fisheye lens according to the present 
invention may be constructed by attaching an attach- 10 

ment lens to a master lens provided on an existing cam-
era so that the fisheye lens can be attached to almost an 
the existing cameras. In addition. only the attachment 
lens is newly produced, thereby making it possible to 
reduce costs. 15 

(0014] Further, the image display device for display-
ing 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. 20 

When the information recording medium recording the 
above steps is read by a computer and the program is 
executed, a more natural plane image can bedisplayed 
on the display unit and the displayed portion can be 
freely shifted within the range of the image picked up by 25 

the image pick-up device. 
[0015] Embodiments of the invention will ·now be 
described, by way of example. with reference to the 
drawings, wherein like reference numerals denote like 
elements and parts. in which: 30 

Fig. 1 is a schematic structural diagram of an image 
processing system using an image pick-up device 
comprising a fisheye lens according to the present 
invention: 35 

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 
th.e polar coordinate conversion of Fig. 5; 

Fig. 7 is a flow chart for explaining the steps of 
processing an image using the image processing 
system of Fig. 1 ; 

Figs. S(A) and 8(8) are diagrams showing another 
application example of the image pick-up device of 
the present invention, wherein Fig. 8(A) is a sche
matic diagram showing the side thereof and Fig. 
8(8) · is a diagram when seen from a direction indi
cated by an arrow B in Fig. S(A); 

Figs. 9(A) and 9(8) are diagrams showing still 
another application example of the image pick-up 
device of the present invention, wherein Fig. 9(A) is 
a schematic diagram showing the side thereof and 
Fig. 9(8) is a diagram when seen from a direction 
indicated by an arrow Bin Fig. 9(A); and 

Fig. 1 O 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. 

[0016] Preferred embodiments of the present inven
tion will be described hereinafter with reference to Figs. 

Figs. 2 are a structural diagram of the fisheye lens 
shown in Fig. 1 and a corresponding diagram sche
matically showing lens intervals (lens intervals and 
lens thicknesses); 40 1 to 10. 

Fig. 3(A) is a diagram showing the relationship 
between field angle e and image height h ·with 
respect to fisheye lenses having relationships of 
h = f • e h = 2f • sin (8/2), h = f ·sine, 
h = f • tan 8 , h=3f • tan ( 0/3) . h=2f • (tan 8/1 .6) 
and one of the fisheye lenses of the present inven
tion having a relationship of h := 2f • tan(8/2); 

Fig. 3(8) is a diagram showing the relationship 
between field angle e and image height h with 
respect to fisheye lenses having relationships of 
h=2f • tan(0/1.6). h= 2.4f • tan(0/2). 
h = 3.4f • tan(0/3). h = 1.2f • tan(0/1.6). 
h = 1.6f • tan(0/2) and h = f • 0 .. 

Figs. 4(A) to 4(0) are views illustrating. in concen
tric circles each centering around the optical axis of 

.-.- :-_ 
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[0017] 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 

45 a video camera) 2 that is an image pick-up device 
equipped with a fisheye lens 1. an image data process
ing unit 3 for processing image data from the camera 2, 
and a monitor unit 4 for displaying an image processed 
by the image data processir:ig unit 3. The image data 

50 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 con
verts an image picked up by the fisheye lens 1 into a 

55 plane image. 

3 

[0018) · As shown in Fig. 2, thefisheye lens 1 used in 
this embodiment roughly consists of a lens unit (called 
master lens unit) 10 provided on the camera 2 and a 



5 EP 1 004 915 A1 6 

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 attachment lens unit 20 is 
attached to the master lens unit 10. 

[0019) 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 and a diaphragm 26 inter
posed between the sixth lens 12 and the seventh lens 
13. 
[0020] The curvature R (diameter of the curved sur
face of the lens) of each lens and interval D (lens thick
ness or lens interval) in this embodiment are as follows. 
That is, beginning with the curvature R 1 of the left 
curved surtace of the first lens 21 on the leftmost side of 
Figs. 2, in turn, the curvatures R1 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 RS and R6 of the third lens 23 are -
36.0 mm and -20.0 mm, and the curvatures R7 and RS 
of the fourth lens 24 are -81 .0 mm and .-27.0 mm, 
respectively. 
[0021] Further, the curvatures R9-and R10 of the 
fifth lens 11 are 14.0 mm and 68.0 mm. the curvatures 
R11 and R12 of the 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 R17 and R18 of the ninth lens 15 are 11.0 
mm and -9.0 mm, respectively. 
[0022] Meanwhile, the thickness D1 of the first lens 
21 on the leftmost side of Figs. 2 is 1.2 mm, the interval 

5 

of the ninth lens is 4.0 mm. Parallel plates 16 and 17 are 
arranged on the right side in Figs. 2 of the ninth lens 15. 

[0025) In this arrangement, light incident upon the 
first lens 21 passes through the first to fourth lenses 21 
to 24, further 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 21 are output from the fourth lens 
24 as parallel rays. Therefore, this attachment lens unit 

10 20 can be attached to 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 1h. or less the effective diameter of the 
master lens 10 of the camera to which the attachment 

15 lens unit 20 is attached. In Fig. 2, the spherical surface 
40 at the front of the first lens 21 represents a virtual 
subject surface of the picked up image. 
[0026) As described above, the present invention is 
characterized in that a desired fisheye lens 1 is con-

20 structed by the master lens unit 1 O and the attachment 
lens unit 20 and has a relationship of h = 2f • tan(0/2) 
(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 0 is a field angle). It is noted that although the pre-

25 ferred 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(9/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, 

30 the present invention contemplates such a relationship 
when m equals n. Also, the relationship 
h = 1 .2 f • tan( 9/m) , m ~ 1 .6 also is embodied by the 
present invention. However, for purposes of discussion 
herein, m and n both equal to 2. 

D2 between the first lens 21 and the second lens 22 is 35 [0027] The fisheye. lens that has been generally 
used in the prior art has a relationship of h = f • 9 as 10.00 mm, and the thickness 03 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 mm, the thickness D5 of the 
third lens 23 is 2.0 mm, the interval 06 between the third 
lens 23 and the fourth lens 24 is 3.0 mm, and the thick
ness D7 of the fourth leQS 24 is 5.0 mm. 
[0023] 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 D1 O between 
the fifth lens 11 and the sixth lens 12 is 0.3 mm, and the 
thickness 011 of the sixth lens 12 is 0.8 mm. The sev
enth lens 13, the eighth lens 14 and the ninth lens 15 
can be moved in the direction of the optical axis to 
change magnification, and the intervais between adja
cent lenses to be described hereinafter are maximum 
values thereof. The interval D12 between the dia
phragm 26 and the seventh lens 13 is 4.0 mm, the thick
ness D13 of the seventh lens 13 is 1.0 mm, the interval 
D14 of the seventh lens 13 and the eighth lens 14 is 1.0 
mm. and the thickness D15 of the eighth lens 14 is 4.0 
mm. 
(0024) The-interval-D16 between the eighth lens 14 
and the ninth lens 15 is 2.0 mm, and the thickness D17 

40 

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(0/2), h = 2f • sin 9 or h = f • tan 0. 

.[0028] Fig. 3(A) is a diagram sh~ing relationships 
between field angle 6 and image height h when fisheye 
lenses having relationships of h = 2f • tan(6/2). 
h = f • 8. h = f • sin(8/2), h = f • sin 9 

45 and h = f • tan 0 , 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°). 
[0029) In Fig, 3(A), a curve C1 shows the relation
ship between field angle e and image height h when the 

50 fisheye lens of the present invention having the relation
ship of h = 2f • tan(e/2) is used. and a curve C2 shows 
the relationship between field angle 0 and image height 
h when a fisheye lens having the relationship of 
h = f • 9 is used. A curve C3 shows the relationship 

55 between fi~ld angle 0 and image height h when a fish
eye lens having the relationship of h = 2f • sin(8/2) is 
used, a curve C4 shows the relationship between field 
angle 0 and image height hwhen a fisheye lens having 

. - -4 
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the relationship of h = 2f • sin0 is used. and a curve CS 
shows the relationship between field angle 0 and image 
height h when a fisheye lens having the relationship of 
h = f • tan0 is used. A curve C1' shows the relationship 
of h = 3f • tan ( 8/3) and a curve C" shows the relation
ship of h = 2f • tan{8/1.6). 
[0030] Fig. 3(8), is a diagram showing the relation
ship between field angle 0 and image height when fish-
eye lenses having relationships of h = 2f • tan {8/1.6), 
h = 2.41 • tan(8/2). h = 3.4f • tan (8/3). 
h = 1 .21 • tan (0/1.6) , h = 1.6f • tan (0/2) and 
h = f • 8 . All of these fisheye lenses, except h = f • 8 , 
are embodied by the present invention. 
[0031] As is evident from Fig. 3, an increase in 
image height hat a field angle 8 of about 90° is largest 
when the fisheye lens having the relationship of 
h =f • tan6 is used and is second largest when the fish-

5 

obtained. The image height h8 of an image Me at a 
peripheral portion of the fisheye lens that has been gen
erally used and has the relationship of h = f • 6 is the 
same as the image height h0 of an image M0 near the 
optical axis and the image is distorted. 

[0035] From these facts, it can be said that the fish
eye lenses having relationships of h = 2f • sin(6/2) and 
h = f • sin6 are not preferred in view that how large vol
ume of data can be obtained at a field angle of 90° or 

10 therearound. Even with the fisheye lens that has been 
generally used and has the relationship of h = f • 8 is 
not satisfactory. 
[0036] In contrast to that, the image height he of the 
image Me at a peripheral portion of the fisheye lens 1 

15 having the relationship of h = 2f • tan(6/2) in accord
ance with the present invention is enlarged and larger 
than the image height h0 of the image M0 near the opti
cal axis, a larger volume of image data can be obtained eye 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 fish eye 20 

lens having the relationship of h = f • 8 is used and fur-

in comparison with the conventional fisheye lens. and 
the obtained image is not distorted. 
[0037} When a single spherical image obtained by 
combining two hemispherical images of all the direc
tions of the field of view around the optical axis of the 
fisheye lens 1, which are picked up at a field angle of 

ther an increase in image height h tends to o·e smaller 
as the field angle becomes closer to goo .when the fish-
eye lenses having the relationships of h = 2f • sin(e/2) 
and h = f • sine are used. 
[00321 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 • tan8 is 

. used and more image data can be obtained. However, 

25 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 90° with 

at a field angle a of 90°, tane becomes infinite. Since 30 

the fisheye lens is required to obtain an image of all the 
directions of the field of view around the optical axis at a 

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 compared with the conventional system. 

field angle of at least 90° with respect to the optical axis, 
it can be said that the fisheye lens having the relation
ship of h = f • tan0 is not suitable. 
[0033] Therefore, the fisheye lenses having rela
tionships of h = 2f • tan(0/2) • h = f • 8. h = 2f • sin(8/2) 
and h = f • sin0 may be used. Figs. 4(A) to 4(D) show, 
in concentric circles each centering around the optical 

35 (0038] 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 go0 with respect. to the optical axis and is 
polar-coordinate converted into a plane image in the fol-
lowing manner. 

axis of each fisheye lens, image heights h when the field 40 

angle 8 is changed in 10° with respect to the optical axis 
[0039] An X, Y and Z coordinate system as shown 
in Fig. 5 is imagined in subject space. At thi.s_point, the 

of each fisheye lens. Fig. 4(A) shows the image height 
in the fisheye lens having the relationship of 
h = 2f • tan(8/2), Fig. 4(8) shows the image height in 
the fisheye lens having the relationship of ti = f • 8 , Fig. 
4(C) shows the image height in the fisheye lens having 

optical axis of the fisheye lens 1 is made Z axis. The 
coordinates of a certain point p are represented as (X1, 
Y1, 21) and the.elevation angle of the point p from the 

45 origin O of the coordinates with respect to the XZ plane 
is represented by 6. The elevation angle of the point p 
from the position of 21 on the Z axis with respect to the 
XZ plane is represented by +. 

the relationship of h = 2f • sin(8/2). and Fig. 4(D) 
shows the image height in the fisheye lens having the 
relationship of h = f • sine . In Figs. 4(A) to 4(0), h0 rep
resents the height of an image M0 near the optical axis 50 

of each fisheye lens and h8 represents the height of an 
image M8 at a field angle of around 90°. 

[00401 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 rep
resented by f, the image formation point (p') for the point 
p is located as shown in Fig. 6. In Fig. 6, x is added to cj, 

[0034] As is understood from Figs. 4(A) to 4(D). 
image height at a field angle of around 9D° when the· 
fisheye len~ having the relationship of h = 2f • sin(9/2) 
or the fish eye lens having the relationship of h = f • sine 
is used is smaller than image height near the optical 
axis and only a small volume of image data can be 

:-- :-_ 
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55 because an image formed at the point p' is inverted ver
tically 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 
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the origin o of 1he x and y coordinates. 

[0041] The position of the point p' is expressed as 
polar coordinates with a length (h) between the origin o 
and the point p' and an angle 4> + 1t formed by op' and 
the x axis. When the polar coordinates are expressed 
on the x and y rectangular coordinates, the position (x1 . 
y1) on the x and y rectangular coordinates are 
expressed as follows. 

X1 = h • COS(q) + 1t) 

y1 = h ·sin(++ 1t) 

(1) 

(2) 

In addition, the image height h of the point p' is repre
sented by h = 2f • tan(8/2). hence, when 
h = 2f • tan(8/2) is substituted into the above expres
sions (1) and (2), the coordinates (x1. y1) of the image 
formation point p' on the surface of the CCD image pick
up elements 30 are as follows. 

x1 = 2f • tan(8/2) • cos(++x) (3) 

y1 =·2f • tan(8/2) • sin(q)+1t) (4) 

As a result. they are expressed as follows. 

x1 = -2f • tan(8/2) • cos4> . (5) 

y1 = -2f • tan(8/2) • sin4> (6) 

In the above expressions, 8 and 4> are defined as fol
lows. 

8=tan ·1 
{ X1 2 +Y1 2 /21) 

4,=tan ·1 {Y1/X1} 

[0042) . Thus, the position of the point p' on the sur
face of CCD image pick-up elements 30 can be 
obtained for the point p on the surface of the subject. 
[0043] Thereafter, a .description is subsequently 
given, with reference to Fig. 7, of steps required when 
the sphere (all directions) is photographed by the cam
era 2 comprising the fisheye lens 1 and an image 
thereof is displayed on the monitor unit 4 that is the dis
play unit. 
[0044] Briefly the steps S1 to S7 are as follows: 

S1 photographing a hemisphere with a camera 2 
equipped with a fisheye lens 

S2 photographing the other hemisphere with the 
camera 2 equipped with a fisheye lens 

S3 combining two images that are polar-coordinate 
displayed and converting the combined image into 
a plane image on the surface of the CCD image 
pick-up elements· 30 as a polar-coordinate con-

BNSDOCLD: <EP_:_10049\5A1_1_> 

verted image. 

[0045] The above two images are then combined 
together and the combined image is converted into a 

5 plane image by the image data processing unit 3 (step 
S3). At this point, an area corresponding to a connec
tion portion between these hemispheres must be cor
rected. Since the polar-coordinate converted image 
obtained by the fisheye lens 1 has a large volume of 

10 information on a peripheral portion, the processing of 
combining these images is easy. Thereafter, a predeter
mined portion of the thus obtained plane image is 
extracted and displayed on the monitor unit 4 (step S4). 
[00461 " A · user shifts the screen with instruction 

15 means such as a mouse when the user likes to change 
the displayed predetermined portion. This shifting can 
be made continuously in any direction of 360° around 
the portion displayed on the monitor unit 4 (step S5). 
[0047) The above steps are for picking up an image 

20 of a sphere in all the directions of 360°. When only a sin
gle 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. 

25 [0048] -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 

30 of a product. For example, when the inner surface ~2 of 
a cylindrical body 51 is photographed at the condition 
that the optical axis of the fisheye lens 1 of the present 
invention is aligned with the central axis of the cylindri
cal body 51 as shown in Figs. 8(A) and 8(8), a periph-

35 eral portion of an image can be extracted as an image 
having a larger volume of information than a central por
tion in the present invention. Therefore, it is easy to find 
that a scratch has been generated in the inner surface 
52. Consequently, this can be used for the examination 

40 of a pipe-like body such as a water pipe or gas pipe and 
further for the monitoring of a crack that has been gen
erated in the wall surface of a tunnel or the like. 
[0049] It can also be used for the examination of the 
connection condition of a small part such as an IC. That 

45 is, when a part 71 is fixed to a substrate 74 by a solder 
73 on its both sides 72 and 72 as shown in Figs. 9(A) 
and 9(8), the soldering. state 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 

so 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 
installed right over the part 71 as shown in Fig. 9(A). the 
side direction of the part 71 can be sufficiently photo- · 

55 graphed by the camera 2 comprising the fisheye lens 1 
of the present invention, thereby enabling automatic 
examination with the camera 2.--
[0050] Although each foregoing embodiment is an 
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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. For example, the fisheye lens 
may be constructed by the attachment lens unit 20 5 

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 con
struction and numerical values of the fisheye lens 1 
shown in the above embodiment are just examples and 10 

a fisheye l_ens having other construction and numerical 
values may be used. 

[0051] Further. as the system comprising the fish
eye lens 1 of the present invention, an image process-
ing system 81 shown in Fig. 10 may be used. This 15 

image processing system 81 is mainly constructed with 
a camera 2 equipped with a fisheye lens 1 and an image 
data processing unit/monitor 5 connected to the camera 
2 by a cable. The image data processing unit/monitor 5 

and a more natural plane image can be obtained. 

[0055) Also, according to the second aspect of the 
present invention, by attaching the attachment lens dif
ferent 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 existing image pick-up 
devices (cameras) and further, only the attachment lens 
is newly produced, thereby reducing costs. 
[0056] Further, according to the third aspect of the 
present invention, the image display device can convert 
a spherical image into a plane image with ease and can 
display a more natural plane image. In addition. accord
ing to the fourth aspect of the present invention, when 
the program recorded in the information recording 
medium is read and executed by a ex>nl)uter. a more 
natural plane image can be formed. 

is a personal computer equipped with a monitor, and a 20 Claims 
key board 5a and a mouse Sb are connected to the 
computer as instruction means. " 
[0052] Also. this image data processing unit/moni
tor 5 has a hard disk (not shown) in that the contents of 
an information recording medium (floppy disk) 6 record- 25 

ing a program for executing the steps S3. S4 and S5 
shown in Fig. 7 are to be installed. By installing this pro
gram in the image data processing unit/monitor 5. the 
image data processing unit/monitor 5 carries out the 
same function as the image data processing unit 3 30 

which has been described in the foregoing. 
(0053) Image pick-up data may be transferred from 
the camera 2 to the image data processing unit/monitor 
5 by a memory card such as a flash card or wireless 
communication such as infrared communication, 35 

besides a cable. Further, the program 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 transferred 
over a network, the storage unit of a transmitter or the 40 

hard disk (storage unit) of the image data processing 
unit/monitor 5 serves as the information recording 
medium of the present invention. 
[0054] As having been described above, in the 
image pick-up device comprising the fisheye lens 45 

according to the first aspect of the present invention. the 
fisheye lens has the relationship of h = nf • tan{8/m} 
(wherein h is an image height, f is a focal distance, and 
e is a field angle). With this, compared with the ordinary 

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 predetermined point 
obtained by the fisheye lens. f being a focal dis
tance of the fisheye lens. e being a field angle, · 
m having a value of 1.6 ~m:;; 3, and n having a 
value of m- 0.4s n < m+0.4. 

2. The image pick-up device of Claim 1, wherein the 
fisheye lens is constructed by a master lens pro
vided on an existing image pick-up device and an 
attachment lens to be attached to the master lens. 

3. An image display device, comprising: 

an image data processing unit tor·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. 

fisheye lens having the relationship of h = f • e (wherein 50 4. 
h is an image height, f is a focal distance, and 9 is a field 

The image display device of Claim 7, further com
prising 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 
fisbeye lens having a relationship of 
h,.; n • f • tan{9/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 fish-

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 the missing por- 55 

tions 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 

7 
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eye lens, 6 being a field angle, m having a value of 
1.6 :,;m ::;;s, and n having a value of m - 0.4 
:,;n:,;m+Q.4 

wherein said image data processing unit 
receives the image picked up by said fisheye lens. 5 

5. A method of converting into a plane image an 
image generated by a fisheye lens comprising the 
steps ot: 

10 

converting into a plane image an image 
obtained by a fisheye lens having a relationship 
of h = n • f • tan(e/m), h being a height of an 
image of a subject at a predetermined point 
obtained by the fisheye lens, f being a focal dis- 15 

tance of the fisheye lens, 6 being a field angle, 
m having a value of 1 .6 :5:m :,; 3, and n having a 
value of m-0.4 :5:n :5: m + 0.4 ; 
displaying a predetermined portion of the con-
verted plane image on a display unit; and 20 

changing continuously the predetermined por-
tion with instruction means. "' 

6. The image pick-up device of claim 1, image·display 
device of claim 3 or method of claim 5 wherein m 25 

and n are substantially equal. 

7. The image pick-up device of claim 1, image display 
device of claim 3 or method of claim 5 wherein m 
and n both substantially equal 2. 30 

8. The image pick-up device of claim 1, image display 
device of claim 3 or method of claim 5 wherein m 
and n both equal 2 such that the fisheye lens has a 
relationship of h = 2f • tan (8/2). 35 

9. A recording medium having recorded thereon a 
program for implementing the method of any of 
claims 5 to 8. 

40 

· 10. An optical system for attachment to an optical 
device to form an image pick-up device as claimed 
in any of claims 1 to 2 · or 6 to 8. 

11. An image pick-up device, comprising: 45 

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 50 

optical axis 
the fisheye lens having a relationship of 
h = 1.2f • tan( 0/m) , h being a height of an 
image of a subject at a predetermined point 
obtained by the fish eye lens, f being a focal dis- 55 

tance of the fisheye lens, 8 being a field angle, 
and m having a value of m:,; 1.6. 

". - 8 
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