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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,959,293 B2 
APPLICATION NO. : 09/792436 
DATED : October 25, 2005 
INVENTOR(S) : Patrick Pirim 

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: 

Title Page, please add the following section 

--(30) Foreign Application Priority Data 

Feb. 24, 2000 (FR) ..................................... 00 02355--. 

In the drawings, Sheet 31, Fig. 40, replace each occurrence of"Apprentissage" with--Leaming-- and 
replace "Classification automatique" with --Automatic Classification--. 

Column 1, line 13, replace "and is particularly useful" with --and are particularly useful--. 

Column 26, line 44, please add a";" after "a control unit" to read --a control unit;--. 

Column 27, lines 5-6, replace "two or more histogram calculation unit" with --two or more histogram 
calculation units--; line 16, replace "said unit" with --said at least one calculation unit--; line 66, replace 
"End" with --END--. 

Signed and Sealed this 

Twenty-first Day of September, 2010 

David J. Kappos 
Director of the United States Patent and Trademark Office 
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APPLICATION NUMBER 

o9n92,436 

86000 
Gregory A. Nelson 
Novak Druce & Quigg LLP 
525 Okeechobee Blvd 
Suite 1500 
West Palm Beach, FL 33401 

F ILING OR 37l(C) D ATE 

02/23/2001 

U l'ilTF.D STATF.S DF.PA RTMF.Yf OF r:o~mrnRr:F. 
United States Patent and Trademar k O ffice 
Ad&m , COMMISSIO:-JER FOR PA'l'ENTS 

P.O. Box 1450 
Akxandria, VUWJUa 12313-1-450 
""'i-w..uspro.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO.mTLE 

Patrick Pirim 8042-5 
CONFIRMATION NO. 9956 

POA ACCEPTANCE LETTER 

IIIIHlllllllllllll~!~~wm11,n~nu 111111111111111111 

Date Mailed: 08/30/2010 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 08/20/2010. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/gbien-aime/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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APPLICATION NUMBER F ILING OR 37l(C) D ATE 

o9n92,436 02/23/2001 

20350 
TOWNSEND AND TOWNSEND AND CREW, LLP 
TWO EMBARCADERO CENTER 
EIGHTH FLOOR 
SAN FRANCISCO, CA 9411 1-3834 

U l'ilTF.D STAT F.S DF.PA RTMF.Yf OF r:o~mrnRr:F. 
U nited States Patent and Trademark Office 
Ad&m , COMMISSIO:-JER FOR PA'l'ENTS 

P.O. Box 1450 
Akxandria, VUWJUa 12313-1-450 
""'i-w..uspro.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO.mTLE 

Patrick Pirim 20046H-000 I 00 
CONFIRMATION NO. 9956 

POWER OF ATTORNEY NOTICE 

Date Mailed: 08/30/2010 

NOTICE REGARDING CHANGE OF POWER OF A TTORNEV 

This is in response to the Power of Attorney filed 08/20/201 O. 

• The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 
provided by 37 CFR 3.71 . Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

/gbien-aime/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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PTO/SB/81 (01-09) 
Approved for use through 11/30/2011. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number .. , Application Number 09/792,436 

. ......, 

POWER OF ATTORNEY 
OR 

Filing Date October 25, 2005 

REVOCATION OF POWER OF ATTORNEY 
First Named Inventor PIRIM, PATRICK 

METHOD AND DEVICE FOR AUTOMATIC 

WITH A NEW POWER OF ATTORNEY 
Title .,_ 

AND 
Art Unit 2121 

CHANGE OF CORRESPONDENCE ADDRESS 
Examiner Name DAVIS, GEORGE B 

\.. Attorney Docket Number 8042-5 ./ 

I hereby revoke all previous powers of attorney given in the above-identified application. 

• A Power of Attorney is submitted herewith. 

OR 

I 
86000 

I ~ 
I hereby appoint Practitioner(s) associated with the following Customer 
Number as my/our attorney(s) or agent(s) to prosecute the application 
identified above, and to transact all business in the United States Patent 
and Trademark Office connected therewith: 

OR 

• I hereby appoint Practitioner(s) named below as my/our attorney(s) or agent(s) to prosecute the application identified above, and 
to transact all business in the United States Patent and Trademark Office connected therewith: 

Practitioner(s) Name Registration Number 

Please recognize or change the correspondence address for the above-identified application to: 

~ The address associated with the above-mentioned Customer Number. 
"' 

OR 

I I • The address associated with Customer Number: 

OR 

• Firm or 
Individual Name 

Address 

City I State I I Zip I 
Country 

Telephone I Email I 
I am the: 

• Applicant/Inventor. 

OR 

~ 
Assignee of record of the entire interest. See 37 CFR 3. 71. 
Statement under 37 CFR 3. 73(b) (Form PTO/SB/96) submitted herewith or filed on 

r SIG~TURE of Applicant or Assignee of Record 

Signature /A ld ~ I Date l~./'7,lv 
Name Ed Gomez 

.., 
I I Telephone I 845-368-4000 x110 

Title and Company Chief IP Counsel General PatJnt Coro. I General Patent Corn. is Manaaer lmaae Processina Technoloaies LLC 
l'!QTI;: Signatures of all the inventors or assignees of record of the entire interest or their representalive(s) are required. Submit multiple forms If more than one 
signature Is required, see below•. 

~ *Total of 1 forms are submitted. 

This collectlon of Information is required by 37 CFR 1.31, 1.32 and 1.33. The information Is required to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection Is estimated to take 3 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on 
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re: Application of PIRIM Confirmation No. 9956 

Patent No. Group: 2121 

Issue Date: 

6,959,293 B2 

October 25, 2005 

09/792,436 

February 23, 2001 

Examiner: DA VIS, GEORGE B 

Application No. 

Filing Date: 

Docket No. 8042-5 

For: METHOD AND DEVICE FOR AUTO MA TIC VISUAL PERCEPTION 

REQUEST FOR CERTIFICATE OF CORRECTION 

ATTN: Certificate of Corrections Branch 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir or Madam: 

On behalf of Image Processing Technologies LLC, the assignee of record, the 

undersigned hereby requests that a Certificate of Correction pursuant to 37 C.F.R. §§ 1.322, 

1.323 be issued on the above-entitled patent. The correction is indicated in appropriate form on 

attached Form PTO/SB/44. 

The requested corrections either (i) relate to the omission of the priority claim to FR 00 

02355 on the first page of the above-referenced patent by the United States Patent and 

Trademark Office (USPTO); (ii) relate to typographical errors which were made by the 

applicant; or (iii) relate to clerical or typographical mistakes made by the applicant during 

translation of the original patent application from French to English. All of the requested 

-1-
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corrections do not constitute new matter, do not affect the scope of any claim and do not require 

reexamination. 

With respect to the requested correction of the priority claim, although reference to a 

priority claim was not made in the first paragraph of the specification of U.S. Patent No. 

6,959,293, applicant did refer to the priority claim on the application transmittal letter filed with 

the application (09/792,436) on February 23, 2001. The applicant also identified FR 00 02355 as 

a prior foreign application in the Declaration and Power of Attorney filed on April 9, 2002, 

though the box below Priority Claimed Under 35 USC 119 is blank. In addition, the USPTO 

included the priority claim on the title page of the published patent application (20020169732), 

as well as in the Office Action mailed March 26, 2004 and the Notice of Allowability mailed on 

October 6, 2004. In the Office Action and Notice of Allowability, the examiner acknowledged a 

claim of foreign priority under 35 U.S.C. § l 19(a)-(d) or (f) but indicated that the certified copy 

had not been received. In a response to the Notice of Allowability dated October 22, 2004, 

applicant stated: "The undersigned, however, respectfully asserts that a certified copy of the 

priority document was filed on August 26, 2004, and was indeed received by the Patent Office as 

evidenced by its availability through the PAIR website. Correction of this acknowledgement is 

respectfully requested." In the Supplemental Notice of Allowability mailed on December 30, 

2004, the examiner acknowledged the claim of foreign priority and that certified copies of all 

priority documents had been received. Assignee notes that the priority claim to FR 00 02355 is 

referred to under the "foreign priority" tab on PAIR for the above-referenced patent. Subsequent 

to the December 30, 2004 Supplemental Notice of Allowability, the USPTO omitted the priority 

claim in a second Supplemental Notice of Allowability mailed on April 27, 2005. A copy of the 

cited documents is filed herewith. Assignee submits that the priority claim to FR 00 02355 is 

-2-
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clearly disclosed by the records of the USPTO; therefore a Certificate of Correction is a valid 

means for amending the issued patent to include the priority claim mistakenly omitted by the 

USPTO. See 35 U.S.C. § 254; 37 C.F.R. § 1.322. 

For the foregoing reasons, it is respectfully requested that the Commissioner issue a 

Certificate of Correction making the aforementioned requested corrections. Please contact the 

undersigned if clarification is required. 

Credit card payment in the amount of $100.00 accompanies this Request. Although no 

additional fees are believed to be due, the Commissioner for Patents is hereby authorized to 

charge any underpayment in fees to Deposit Account No. 14-1437. In the event that the Office 

requires additional information regarding this Request, please contact the undersigned 

representative Karen Kline (direct line: 561-847-7814). 

Date: August 19, 2010 

-3-

Respectfully submitted, 

NOV AK DRU CE + QUIGG LLP 

/Gregory A. Nelson/ 
Gregory A. Nelson, Reg. No. 30,577 
Karen C. Kline, Reg. No. 59,907 
525 Okeechobee Blvd., 15th Floor 
West Palm Beach, FL 33401 
Tel: 561-847-7800 
Fax: 561-847-7801 
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CITED ooc·uMENTS 

 

CITED DOCUMENTS
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Cusfonu:,i- No. 20350 
TOWNSl'-ND rmd TOWNSENl'l and CREW LLP 
Two EmbarcadcrQ Cci11or, 8'" Floor 
San Francisco, California 9411.1-3834 
(!>25) 472-5000 

ASSIST ~ NT COMMtSStON!,'.R FOR l'ATEN1'S 
l:IOX l'A'H,NT APl'Ll'CAT!O N 

~-a~iugtou, O.C. 20231 
(') · 

c:::> ~ (l) 
r,.>~W . 

'";;:;:~ •~nl!tted' herewith for filing ur1der 37 CPR 1.53(1,) is !lie ._<->a~ [ X l patenf application of ' . 
0~ ~ [ l ~ll ti~uatmn paten! arp1t~atio11_ of 
i--- - [ ] div1s1onal pol:em apphcallon ot 
~ '1' [ J coutinuation,111-part pa1cnt. applicution of 
==-,; 
~ g1ror(s)/Applica11t Tde11tifler: Patlick Pirim, Paris, France 

0 J :;: ~ 
"'°5!S Attorney Doelcct No. ___ _,2'""0()4"""""6''--Ji~-O~O=O=lO"",Q~t~rs~- ---,M:='!-· ·-'!=~...,, 

Ul- ~o 
Client Ref.N'o. -------------~-~~-j;i;;::;::;;;:;;· "-,.;-' 

!J~~CQ 

''Expr-.~$ Mail" Label Np El 769 \>21 202us ~-~IIS 
Dnte of Deposit, ~ / ~.3) D ( gc::::i ji0 

t hereby certify that this is being deposited wi!11 tbc United S'!a(es" 
P1>st~I Sen,ke "Express Mail Post Office to Addressee'' service 
under 37 CPR 1. \0 on the d,ttc indkated ubove, addressed to: 

Assisuini Co~11missions:r for Patents 
Wnshinll1011, D.C. 20231 

By~~ 

for: MH'THOD ANP DEVICE FOR AUTOMATIC VlSUAL PERCEP110N 

L ] This application claims prjority fwm each of tbc following Application Nos.ifiling dates: 
France 00 02355 filed 02/24f00 

the,disci-OSure(s) o(wt,'icb i:! (arc) incorporated by reference. 

Enclosed are: 
t:X. J _37_ page(s) of specification 
[.tJC) .. .J._ page(s) o.fola ims 
t, .. j{ J ____L_ page of Abstr;;ic! 
Q( l -1B.__ shect(s) of [ ] fo.rmal ( X} infom1at drawing(s). 

• ll.H Ann.\signmcnt.of the in.vcnrion ro _____ ~---'---------------------
, -~ ] An uJisigned Dccl,iratiort & l?ower of Attomey 

fJ{ J Appendix: A (& she~ts h1cluding cover she.et). 
,Jiy{) Information Di.~clo5uric: Statement with Fonn PT0-1449 wit!13 references. 
L ] Pretimi(1a1y Amendineut. 
'.LX, '.! R d r; , elurn pt>stcar . 
. ,.; 
[ U m view o( the Ousig11cll Declaration as filed witl.1 this a31plicaUon and pursuant to 3'7 CFR §.l.S3(fJ, 
ty AP1Jlici1nlreq1test:s d iefer1·0.1 qf the Jiiling foe 0J1til sti'bmis~ion of tbc Missing l'aris of A.1~pli.cn:t:ion. 

i;j 
I.,, . . 

Telepl:).one: 
(925) 472-5000 

SP 1191980 ,1 

DO NOT CH.,'\.RGE THE FlUNG ]?EB AT n ns TfME. 

Faqsimlle, 
(415) 576 ·0300 

~/-z_~r·. --~--
Gerald T .. Gray . · 
Rcg:No.:41,791 . 
Attorn.ey for AppLicatlls 
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~007 

\~ s-· Att.omey Dock?fNo.: 20046H-O00.I00US 

'3J~L (}'.'.;, 

My 1csidenoe, post office o.ddre.ss and citizenship al'C as stated below nciq to my name; I b~li~vc t ll1l'.\ lhe original, first o.nd w!e 
i.nvC11!Qf (iJ ouly one Mme is listed below) or an original, first ~nd joint 11):l!tn!or (if r,Iural inventors are named below) of the subject 

matter which is claime .. d IUl. d for wrucb n_ parent is sought on ~e illvention entitled: METHOD AND~D .. . • · FOR AU!O~'TIC 
'Vl~ERC~'IO N the spccifieattoh of wh!oh _ ia attached: hcnco oc __ w:u filed 01) · • • us Appltcatfon 
No. 93! ar.d wRS nmended oo ______ (lfapplicable). 

[ have reviewed and undt;ntllnd the. cootents of the, above Identified spedfio, tion, Including the clllll'IIS', as aroenihd by 111y 
amenwneni re!c:=cl 19 above. I acknowledge (he duty to d.isc!o~e infcitm.11tion wbich is m.aterlnl to p;tkntubillty as defined in Title l/, 
Code otl'cderol Reguhtioru, Section 1.56. I c!Jtim foreigu prioci!y benefits under Title lS, Uni~\i StatU Co&, Section 119 of lllly 
foreign application{s) for p.ftialt or inventor's ec.rtlflcate listeo below and have also ideotificd below any foreign application for patent 
or !nveo.1¢r•s c:ertifi~te b~vi.ng o fillng dale before that of the app llcotion oo which priorlry is claimed, 

l'!ivr Fore!g o Aooli.cati<ln(s) 
Priority Claimed U!>det 

Counll'V A1101ication No. Dato offiliin: JS USC 119 
I 

FfBI\«: 00 01:155 02(24/()(.) 

I hetcby claim the benefit under Title 3S, Uni~ States Codt § 119{c) of any Uriiced Sint.o.s provisional •prli!!Mlon(s) list,,d below: 

Applio,Ooo Nd. ,..;; Do• .I 

l claim the benefic uudet Title 35, United St:1te5 Code, Section 120 of w.y Unilc.d St2tes appl~tioo(s) listed b<.low 'Qlld, io.sofar ns Ilic 
subject rnatte~ of co.eh of the c!a.ims of !his application is not disclosed in the prior United St:,w-, applie!itlop in t1e o:llUlll~ provi~ by 
the fifst purograpll of Tid e 35, Onited Stites Code, Section .1 ll, l acknowledge the duty ta disclo.se material information as ile.llned in 
Title 37, Cod4 ofFcdeml RegulatioDS, Section I.S6 which ~one<!. between the filing daie of the ·prior application aocl !he u~tional ;t 
J>cr intcroational filing clati! of th:is a.ppli~tlon; 

E AppUa .... ?lo. Date of Filing· $bltus 

POWER OF ATTORNEY! ,As a 11awed i1i,ven<or, I ht:reby appoinnhe followinn 11ttorncy(s)' o.ndloF :ig<nij(s) 10 prosect1l~ this 
11pp\i¢;1nan OJid lr3tls4ct all bus'ines:li in the; Patent :md Trademark' Office coJincc!cd llterewich. , 

Oen.Id T, Gny, Reg. No. 4\..,797 
B~b11k S. Sam, Reg. No. 37,495 

' ~eu,d Correspoodcncv to: 
0e!'1lld T. Oray 
TOWNSEND :iod. TOWNSEN.D a.ad CREW LU' 
Two Embil't$dcro C enter, g•ft F loor 
Slin FraudscQ, Cilllfornl• ?.41 l 1·3!01 

Received ~om< 92347U893 > at4l91015:12:'19PM[Easlein ba~~hl TlmeJ 

Direct Te!<1y~one Calls 10: 
(Nome, 11.i:g, 'No., TelephQrifllo,) 

Name: CicnJd'!,'. Oray' 
·11,cg. No.: 41,797 
'tcJCfllillllc: 925-412-5000 

I of2 
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I lllll ~11111111 lllll lllll 11111 BIIIH 111.1111111 lllll lllll llllll llJI IIII IIII 
ttf:i 2i:N)2{}i6~i:rJ2}1~i . 

(:t9) United S1:ates 
(n) Patent Application Publication 

Piriin 
cw} Pub. No.: US 2002/0169732 Al 
(HJ Pub. Date: Nov. 14, 2002 

(54) METllOl> ,-\ND J)EV!CE fl'OR /\lJ'l'OMATJC 
, 11Sl/AI. PERCltl'l'TON 

(76) lnvcr1tor: Pa id.ck l'ir im, Paris (FR) 

Co r~1'.l()J11lcnec Address: 
'.l'OWNSEND A.NI> 'J'OWNSJ•:NH Al-Ul CHRW, 
( ,LI' 
TWO eMllARCAl)lmo C'8NT~:.ll 
~:tGHTH t·'LOOH 
SAN lrJVi;NCISCO, f' ... A 94ll!-3/!34 (l lS) 

(21) Appl. N'o,: 09fl!>2,4:36 

(27.) Fi.lec!: F'cb, 23, 21)0.l 

__ c_~J 
(Ei,ii-;,'- '/ ES 

(JO) 

Feb. 24, 2000 (PR) ........ ... ...... . .,, ...... ,.,..,., ... ,., ... 00 02355 

J>ubliral.l(m C lus.~ificn(inn 

(51) Jut. Cl; .............. ......... .... GO6N 5/00; G06F 17/00 
(52) U.S. Ci. ... , ...................... , . . . ... ........... ...... 706/45 

(57) MlS'l'RAC f 

A visual p<.•rccpliou proccs.sor 0ompris"'s histogram clllcu l• ­
!1on unils, which receive Jhe da·1a f)t,;i'A(A), DA'.li\(H), ... 
DATA(E) via a single clam tJus and supplyini; clnssificntion 
infmm:trion In• single lir\w, c,,incirlcnces h11s. fn , prcfon·trl 
crnbodimonl 1h~ hi sU>j),t,1111 c:.ku!itfion 1mirs are o-rg:\.nizod 
imo a.ma.t rix. 

Re.g = Rog • ~, 
POSMOY, c COUN1'€ R 

YES 

Anticlpal!o1'1 Appllc,ation 
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•• 
UN1TED STATES PATENT AND TRADEMARK 0PFJCB 

I\PPLICATIO!"i<O. 

09/792,436 

20350 7}90 

f lLINODATI,. 

02m12001 Patrick Pirl1n 

TOWNS ENO A.ND TOWNSEND AND CREW, U P 
TWO EMBARCAD$RO CENTER 
EIGHi'H FLOOR 
SAN FRANCISCO, CA 94.111-3834 

A TTORNF.Y DOCKET NO. COliFiRM'A TION 1'0. 

20046H-000100 99~6 

ART 1,'NIT PAPER NUi,IDER 

2121 

DATE MAIU.D: 03126/2004 

Please find below ancVoi: attached an Office co1rum1nioatio1~concei;nlng this applic,1tion or proceedfog, 

P1'0•.90C (Rev. 1oioJ) 
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4- ..... 

-The MAILING DAT/: of lhls communication appears on the cover sheet beneath the correspondence address­

Period far R~ply 

A SKORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPI; \ b~ __ MONTH(S) FROM THE MAILING DATE 
OF THIS COMMUNICATION. 

-Ei<!enslons of time may ba available under thO provisions of 37 CFR 1.13S(a). In no avont, howel/or. may a reply bo timoty·IIIQ<l aher SIX (6) MONTHS 
from !ho mailing <1a11i of this commun!eatlon. 

• II tho po:riod for re{lly $p9Cilled at>ovo Is loss than thrlfy (30) days, .a. roply within th& &laMo,y minimum of thirty (30) days wiU bo <:an.~lclercd timoly, 
• IINO period for reply is specifiodabovo., such porlod st,afl, by 9ofauh. expire SIX (6) MONTHS from thG mailing dale ol thls communication. 
-, Failure 10 reply within 1ha sot or mrtanded po~Od tor reply will, by S1atut.e, eavsa 1ha application to bocorne ABA(~DONED (35 U.S.C. ~ 133) . 

..... s~tus 

O Responsive to_communicatlon(s) /Hod on _ ____ ___ _____ _ _ ___ _____ __ _ 

0 This action Is FIIMAL 

O Srnce thls applicatlon Is In condition for allowance oY.cept for formal 'matters, prosaeutlcn as to the merlts Is cl'csed ln 
accordance with the. practice under Ex parts Quayle, 1935 G.D. t 1; 45~ O.G. 213, 

0lsposlt!0i1 of Clalmo 

)(clalm(s) _______ ·\,__-_ =Z-'---..,["--_____ _ ______ _ l$/are pending in tfle npplication. 

Of the above claim(s) ls/are withdrawn from consioeraflon, 

br'ctalm(s) 17 - 2.. i ls/are allowod. 

)( Claim(s)' - / is/am rejected. 

D Claim(s),- -------- --------- --·---- - -is/aro objecied to. 

Cl Clalm(s) are subjcc1 \o r!lSMctlon or eladl(oi\ 
requirement. 

Application Papers 

0 See the attached Notice of Drilflsperson's Patent brawlng Review, PT0-948. 

O The proposed drawing corroction, filed on _ ______ . ls O appi'ovod D disapprovect. 

0 Tho drawing(s) filed on. ___ ____ is/aro objected to bytha Examiner,. 

O The specification is objecied to by th.a E.xam(ner. 

0 The oath or declaro1ion Is ob]octed to by thG Examiner. 

Priority 11.ndar 35 U.S.C. § 119 (a)-{d) 

)( Acknowfedgmont is made of a claim for foreign priority ondor 35 U,S.C. § 11 9(a)-,{d). 

Cl All O Soma.• }(Nona. of the CERTIFIED copies of lhll priorilydocumonts have baon 
D received. 
0 received in Application No. (Series Code/$erfa.1 Number) _____ ...,.. _______ _ 

0 received in this national stage appllealiori from tho lntemaUonal Buteau (PCT Rule 1 7,2(a)). 

•Certified copies noJ rocalvad·~------ - - ---- --------- -~ 

Artechment(s} 

):<)nformation Dlsc!o;.ure Stalement(s), P'f0,1 449, Paper No(s). S,; b AY1.d J 
)(Nollce of Rehi tenc-e(s) Cited, PT0-892 

O Noiice'of Draftspor6<io's Paleilt Drawing Rev/Eiw, PT0-948 

u. s. Pat$~t aw Tradoma, lc-0· 
)"1"0,326' 1n.,.,_ 9-07) 'tl;s; GPO: 1119'1~i/1127i7 

0 Interview Summary, PT().4,f3 

ON.ollce of Informal Patent Applicat/on, PT0-152 
• Other,. _____ _ _____ _ 

Part' o'f Paper No, __ -r.h----
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UNnED Sr A TES PATENT AND TRA.DeMARK Omce 

;J>Pf.lCAl'IONNO. Fll!NGl>ATE FlRST NAMED INVENTOR 

-09n91,4l6 

20350 

02123/200[ 

1~/2004 

TOWNSeND AND TOWNSEND AND CREW, LLP 
TWO EMBARCADERO CENfEll 
E!Ol-tTH FLOOR 
SAN FRANCISCO, CA 94111-3834 

PilO'ick Prron 

' A TI'Oll.NEY l)()(:l(ET NO. CONFIRMATION~'(). 

200461-1.()()()100 9916 
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No fice o(Fee Increase on ()ctober 1, 2004 

ff a reply to a "Notice of Allowance and Fec(s) Due'' is filed in the Office on or after October I, ;2004, then the 
amount due will be higher than that set forth in the ''Notice of Allowance and Fee(s) Due" because some fees will 
inctease effective October I, 2004. ~ Rcyjs-jpn uf &kilt~ fur wal -Yl:.ar 2.QQ.1; Elnal B.uk, 69 Fed; Reg. 52604, 
52606 (May I 0, 2004). 

The current fee schedule is accessible from WEB site (http://www.uspto.gov/main!howtofees.htm). 

1f the fee paid is the amount shown. on the "Notice of Allowance and Fcc(s) Due" but not the c0tTect atnount in view 
of the fee increase, a "Notice of Pay Balance of Issue Fee" will be mailed to applicant. In order to avoid proc.essing 
delays associated with mailing of a "Noti~ of Pay B-alance ofissue Fee," if the response to the Notice of Allowance 
is to be filed on or after October 1, 2004 ( or mailed with a. cc-rtificate 9f ipai ling on or a~er October l, 2004), the 
issue fee paid should be the fee that is required at the time the fee is paid. fil:.e Manllal offa!enl Exaurioioa; Procednre 
.(MfEf), Section 1306 (Eighth Edition, Rev. 2, May 2004),, If the issue fee was previously paid, and the response to 
the "Notice of Allowance and Fcc(s) Due" includes a request to iipply a previously-paid issue foe to the issue f~e 
now due, then. the difference b-etWecn the issue fee amount at t11e time the respo'nse is lifod· ruid the _prcvi6'1.isly-p.ar,d 
issue fee shouldbe piiid. Ss:,e MPEP Section f308.0I. 

Effective October I, 2.004, 37 CFR 1.18 is amended by rcvising-pamgmph_s (a) 't.hrough..(c) to read as set forthb.elow: 

Section 1.18 Patent post allowance (incluoing is&tie) foes. 

(a) Issue fee for issuing each original oneissue patent, 
except a design or plant patent: _ 

By a small entity (Sec. L27(a:)) ........... , .......... $685.00 
By other than a small entity ..... , ....... ,. .......... _$1 1370.00 

(~) Issue fee for issuing a design patent: 
By a small entity (Sec. l .27(a)) ............. ......... $245.00 
By other than a small entity ..... ........................ $490,00 

(c) Issue fee fQr issuing a plant patent: 
By a smalJ entity (Sec. 1.,21(~)),, .. ,., ........ .,., ... $330.00 
By other than a small cntify .......................... .. $660,00 

Questions rc"lating to issue and publication fee payments shouJ<I be directed to tl1e Ctistorner Scr1ice Center of the 
Office of Patent Publication at (703) 305-8283. 

P6!:!C 4 of 4 

rroi:,:s5- (Rev. oo~) Approve<1.f0t u.,i, lbro11gh 041.1on.ocf1. 
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N-otice of Alfowability 

Application No. 

09/7f}2,436 
Examiner 

George Davis 

Appllcant(s) 

PIRJM PATRICK 

Art Unit I 
2121 

- The MAILING DA TE of this communication appears on tl1e cover sheet with. the correspondence addross­
AII claims being alfowa~l e, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED In thls application •. If not included 
herewith (or previoi_,sly mailed), a Notice of Allowance (PTOL-85), er other appropriate communicalion will be mailed in due c6utsi:l . nirs 
NOTICE OF ALLOW ABILITY IS NOT A G RANT OF PATENT RIGHTS. Ttils application ls subject to withdrawal from issue at the irliiia!lve 
of Iha Office or upon petition by the applicant, See 37 CFR 1.313 and MPEP 1300. 

· 1. [21 This communication is responsive lo 8/3012004. 

2. 0 The allowed cl'airn(s) ls/are 1-29. 

3. 0 The drawings filed on __ are accepted by the Examiner. 

4. 0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
a) 0 AU b) 0 Some' c) (8) None of the: 

1. 0 Certified copies of the plicrity documents have been 'received. 

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

3. 0 Copies of tho certified copies of the priority docurnents have been received In this naUonal 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 Wilh the requirements 
noted below. Failure to timely compl))"will result in ABANDONMENT ol this application. 
THIS THREE-MONTH PERIOD IS NOT i:XTEN.DABLE. 

5. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note ttie attached EXAMINER'S AMENDMENT or NOTICE OF 
INFOHMAL PATENT APPLICATION (i>TO-152) which gives reasorl(s) why the oath or declaration is deficient 

6. [81 CORRECTED DRAWINGS ( as ' replacement sheets") mus! be submitted. 

(a) 0 including changes required by the Notice of Draftspetson·s Patent. Drawing Review ( PTO-948) attached 

1) 0 hereto or 2) 0 to Paper NoJMail Date __ ._ . 

{b) 18] Including changes required by the attached Examiner's Amendme11t I Comment ·or in the Office aoaon of 
Paper No./Mall Dale 3/26/2004. 

ldenUfylng indfcla suQJ as tho application number (see 37 CFR f .84(c)) should bo written on the drawings Jn tt,e front (not Ou) bael<) of 
each sheet. Roplacament shoot(s) should be tabelod as &lJCh In tho hoador according io 37 CFR 1.121 (d.). 

7. 12J DEPOSIT OF and/or INFORMATION aboj.jt the deposit of BIOLOGICAL MATERIAL ml.Isl be submitted, Note the 
attached l:xamlner's comment regarding REQUIREMENt FOR THE DEPOStr OF 8.IOLOGICAL MATERIAL. 

A ttachmont{s) 
1. 0 Notice of References Cited (PT0..892) 

2. 0 Notice of D'l'<\flperson's Patent Drawing. Roviow (PT0',948) 

3. 0 Information Disclosure Statements (PTO-l 44"9 or PTO/~B/08), 
Paper No./Mail Daie 6/22/2004 

4. 0 Examlnef's Commenl'Regarding Requirement.for Oepasit · 

of Biological Material 

5. D Notice of lrif6rmal Pateri't Application (PT0-152) 
6. D lntervtew Summary (PT0--413), 

Paper No.I Mail Date __ . 
7. 0 Exami,net's AmondmenVGomment 

8. 0 Examiner's Statement of Reasons for Allowance 

9. 0 OIiier __ • c::::=::.-- ~ --: 
George Davis 
Prim.a'r'f Examiner 
Art Unll: 2121 

--1,1.S-, .P-ct-cnW·=d"',Tc:,..,7.:_crn,=f1<:-::,oo.ifito:,:------------------------~----,----- ---.---- ---' 
PiOL•37 (Rev. 1-04) l'lol lce of ~lowabllity P;irt of f>qper NoJMall Date 3009200.t-
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C!':\m:missfol1er for Parents 
P.O. (lox 1450 
A'l~xandrlo, VA 22J U• 1450 

On ____ __,.o=cl=Q~L=200=, ..... 1 _ _ - ~ 

PAJENT 
Attorney Docker No.: 20046H-OOOJOOUS 

Client Ref'. No,: 308L US 3772 

'!'OWNS · D and TOWNSEND •hd CREW k).P 

Uy:-1-"'.:.,,.,..-'Ju'-",,~,.,~n'..._"'~- ,:,::~c..:::- ~ --------- ~ 

lN THE UNITED STATttS PA'tttN'f A..ND TRAbEMARl{ OFFICTt 

tn re application of: 

l>atrick Pirim 

Application No.: 09/792,436 

Filed: February 23, 2001 

For: METHOD AND DEVIC'.EFOR 
AUTOMATIC VISUAL PERCEPTION 

Customer No. : 20350 

Commissioner for Patents 
P.O. ~ox 1450 
Alexandria, VA 22313-l 450 

Sir: 

Confirmation No. 9956 

Examiner: George B .. !Javis 

Technology Center/Art Vnit: 212·1 

COMMlJNlCA):JON 

I1uesp011se to the Notice of A!Jowabilily mail.ed October 6, 2004, Applicants 

respectfully request issuance of a ·revised or sugplemental Notice for the t"easons as discussed 

herein i\1 lhe Re.marks section, 

Reinarks/Atgumcnts begin on. page 2 of this paper. 

Pagel o-£2 
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Appl. No. 09/792,436 

REMARKS/ARGUMENTS 

A copy of the Notice of AllowabUity mailed October 6, 2004 is enclosed. In that 

Notice item 4 indicates that none of the certified copies ofthe priority documents have been 

received. The undersigned, however, respectfully asserts that a certified copy of the priority 

document was filed on August 26, 2004, and was indeed received by the Patent Office as 

evidenced by its availability through the PAIR website. Correction of this acknowledgement is 

respectfully requested. 

Additionally, item 7 in the Notice indicates that the deposit ofblological materlal 

is required. It is respectfolly assumed that this requirement is erroneous because this application 

has nothing to do with biological material.. Correction of this requirement is also respectfully 

requested. 

Therefore, it is respectfully requested that a revised or supplemental Notice of 

Allowability be issued, and that the date for payment of the Issue Fee be reset accordingly. 

CONCLUSION 
In view of the foregoing, the issuance of a revised or supplemental Notice of 

Allowance at an early date is respectfully requested, 

If the Examiner believes a telephone conference would expedite prosecution of 

this application, please telephone the undersigned at 925-472-5000. 

TOWNSEND and TOWNSE!',,TO and CREW LLP 
Two Embarcadero Cente1\ Eighth Floor 
San Francisco, California 94111-3834 
Tel: 925~472~5000 
Fax: 415-576-0300 
Attachments 
GTG:sea 
60336})30 v1 

Respectfully submitted, 

/4v«r.¥ 
Gerald T, Gray 
Reg. No. 41,797 

Page 2 of2 
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UN1TED STATE.S PA TENT AND TRADEMARK O FFICE 

Al'PLICA TION NO. 

o9n92,4l6 

WHO 

FILING DATE' 

02/2)/20!}1 

I 2/30/l004 

f)JlSl' NAMf.O ll'IVENTOR 

Pa1rick l'lrini 

TOWNSEND AND TOWNSEND AND CREW, LLP 
TWO EMBARCADERO CEN'l'HR 
l31GHTH FLOOR . 
SAN FRANCISCO, CA 94 ll l-3834 

ATTORN£Y OOCKITT NO. CONflll.MATlnN )<0. 

20046H-0OOHI0 91156 

OAYIS, Of;ORO!i.)I 

2121 

DATE MA ILED: 12/JO/Z004 

Please find. below and/or attached an Office communication concerning this application or ·proccodhig-. 

P1'(1-90C (Rev. 10/03} 



Petitioner LG Ex-1004, 0019

Supplemental 
Notice of Allowabmty 

Appllcatlo'n No, 

091792 436 
Examiner 

George Davis 

Appfica·nt(!J) 

PIRIM, PA TRICK 
Art U'nlt 

2121 l 
- The MAILING DATE of this commun/cation appears on the cover shee.t wlt}i ihe· correspondence address­

All cfairns being al lowabfe, PROSECUTION ON TH.E MERITS lS (OR REMAINS) CLOSED in lhis appllcatfon. If not lnctude·o 
herewith (or previously malled), a Notice of Allowance (PTOL-85) or other appropriate. cornmunlcatJon will be maifod ih due cou(se. fijlS: 
NOTIC'E OF .ALLOWABILllY is NOT A GRANT OF PAl'ENTRIGHTS. This application Is sUb/ect to wltMrawiil from Issue at the lnitiallv 
of the Office or upon petltfo!l by the appilcanl See 37 CFR 1.313 and MPEP 1308. 

1. D This communication is responsive to __ . 

2. r.81 The allowed clalm(s) is/are HJ.. 

3, 0 The drawings filed on __ are accepted by the Examiner. 

4. r.81 Acknowledgment is mada of a claim for foreign priority under 35 U.S.C. § 119(aJ,(d) or (f).' 

a) IBl All b) 0 Some• c) 0 None of the: 

1. 18) Certified copies of the priority documents have beer. te~eived. 

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

3. 0 Coples ol the ceftiflod copies of'fhe prioii(y documents have been recefved ln this national stage appfrca.tion from the 

lntemaliona.1 Bureau (PCT Rule 17.2(a}). 

• Certified copies not received: _ _ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this comtnunlcatjon to, file a reply complying with the requirements 
nol!)q below. Failure to timely comply will resutt in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDA~LE. 

5. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINE'.R'S AMENOMENi or NOTICE OF 
INFORMAL PATENT APPLICATION (PT0-152) Which gives reason(s} why the oath or declaration Is deficient, 

6. t8] CORRECTED DRAWINGS ( as ·replacement sheets") must be submitted, 

(a) 0 including changes required by the Notice, of Draftsperson's Pa{eot Drawing ·RevJew ( PT0-948) attached 

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

(b') IBl iflcluding c-h~ngcs required' by the attached Examiner's Ameildment / Comment orin tile Office adion of 
Paper No./Mail Date ~.Qi. 

ldMtlfying lndicle sucii as tho appllcatlon number (soe 37 CFR 1.64(c)) should be written on the drawings ,In thO troot (not thoJi,ao~) of 
each-shoot. Roplacornent shoot(s). should be labeled as such in the hoador according to 37 <':FR 1.121(d). 

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

Attachment(sJ 
1. 0 Notice of References Cited (PTO-892) 

2. 0 Notice of Draf\'person·s Pi:itent Drawfng Review (PT0-948) 

3. 0 lnformfJllon 0lsclosure $1at.ements (PTO-14.49 or PTO/SB/08) , 
Paper NoJMail Date • .......,,_ 

4 . 0 Exarninofs Comment Regarding Requirement for Dep•s !t 

of Biological Material 

5. 0 Notice of Informal Patent Application1PTO-i52) 

6. (81 lnlarview Sull'imary (PTO-41 3). 
'Paper NoJMaH Date 12127/2004 . 

7. d Examiner's, Amendmei1t/Comment 

8. D Examiner's Statemen\ of Reasons for Allowance 

9, O0ther ___ . ~, -~ 

Gaorge O~:;m;;:;;:::_ 
Primary·,Examinef 
Art Unit: 2121 

U.S. Pe:tem ar'I(} T,adcmi:~ Of,~ 
PTOL-37 (~aY. 1-04) No!lco of AlloWabllity Part.of-Paper NoJi,fal! Date 1227200 
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United States Patent & Trade1na1·k Office Page I of 1 

•-•~•--~,N-------~-.wok------------~--·o~~~·-------•---------------------
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' S.W~l~mmtal.J:b!!-'l.!.1.1:-'e:s_U!.iDLW!'J. 
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~ ~:tr.!SIIUS 
it1l.il..\?.i.I:.11tM­
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!!.<LP.els. 

Country 

FRANCE 

I{ ya11 need help: 

00 023SS 

0 

~ YJi;w !.!fcJ. .. ,•.tr..J.. 

Priority Date 

• Call rhc PMMt Flectronlc B"slness C~r>tua:·(866) 217-9197 ( toil /r,~),ore,mail f~/JU/!2Y. fort{)ticl//o 
questions abcut Patem AppJicaHon tnfcrmai'iun P.etri~v21I (PAIR), 

• Se.nc1 r;e11er;,/ ques·ci,:,ns ob9ut US PTO programs to the. vS'etP_C<m1,t,;.t C'-W•~i1'1.J.,, 
• !I you e,,pe,ier,ce tee/In/ca/ dllf/CIJ/rles or prcbl~ms with tt,is Bpf)li,;;,:lou, t>lease ropQrf them vfa e-ma/1 io l;Wt;!rPJJJi,; 

Li11~'-i }WliJ(llt qr call l 800·786-9199, 

Yoq ~s, s 111.9!:!tl US PTO v,~bMd~.<if11\ot~rls\l 1ot.J WO\~!!::t{:~~{J :;\ J~,:i:~t'"a~t ~ ~ ~l~!;. :t>f~~~~:;J,t~i~:~;~~.~Y.~ 11ann1>~ Prvriliu \ t1 .,, Wffl ttfOd/ll<t •g to(tuci;tr, youf ·------·~----·-·-- - - . ~ -~ 

http://portaLuspto.gov/external/portal/! ut/p/cS/04_SB8K8.xLLM9MSS7.,Py8xBz9CP0os'3h3.. . 8/1 1/2010 
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UNrtED STA'tF.s PATBNT AND TRADEMARK Omc!l 

I\ l'PLICA l'ION NO. t'll,ING 0.-1.rn F1RS1'Nt\llili0 INVENTOR 

()9.'792,436 02/23/lOO\ 

20i10 1s,o ~n.,n.oos 
TOWNSEND A.Nb TOWNSEND ;\ND CREW, LLP 
TWO EMBARCAPERO CENTER 
E!GHTli FLOOR 
SAN FRANCISCO, CA 941 11 -3834 

I\ TIORNEY DOCICET NO, CQNflllMA l"ION UO. 

10046H--OOO\OO 9956 

[/AVIS, Gf,()RGI! B 

ARTUl<lT . 

Zl21 

DA'f[; MAI UlO: 04/27/200l . 

Please find below and/or attached till Office communication concerning this nppl!catlon or proceedrng, 

.1'!'<>'90C (J\c,·, 10/0l) 
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Applicalioh No. Aj,plicant{s) 

Supplemental 
09/792.436 . PIRIM, PA TR[CK 

Notice of Allowability Examlrier Art Unit 

I George Davis ; 2121 

•• Tho MAILING DA TEE of this communication appoars on tho covar' shoot with tho correspondence addross-• 
All claims being atlowab(e, PROSECUTION ON TH!: MERITS IS (OR REMAINS) CLOSED in lhis application. If not included 
herewltt, (or previously mailed), a Notice of Al lowance (PTOL-85) or other appropriate communication will bli mailed in due course. THIS 
NOTICE OF ALLOWAB!LITY IS NOT A GRANT OF PATENT RIGHTS. This apptioallon Is subjecl lo withdrawal from l&SUe at tiie '!nllla!lve 
of the Office or upon petiHon by the applicant. See 37 CFR 1.3i 3 and MPE'P 1 M8. 

1. 0 This communicallon Is responsive to 1/18/0q 

2. 0 The allowed daim(s) ls/are 1-29. 

3. 0 The drawings fiied·on 18 .January 2005 are accepted by the Examiner. 

4. D Acknowledgment Is made of a claim for foreign priority under 35 U:S.C. § 119(a),(d) or (f). 
a) Cl All b) 0 Some• c) 0 None of the: 

1, 0 Certified copies of the priority documents have been received. 

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

3. 0 Copies of the certifled copies of the priority documents have been received 1n this national stage- application frorn tho 

lnlert1atlona.l Bureau (Pct Rule 17.'2(.i)), 

' Certified copies not received; __ . 

Applicant has TMREE MONTHS FROM THE "MAILING DArE' of lllis•comrnun!catlon to file o reply compiy(ng w ith the requirements· 
ooted'be(ow. Failure to timely,comply will result in ABANDONM!;;NT ol this appficalion. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE 

5. Q A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the a.ttached EXAMINER'S AMENDMENT or NOTICE OF' 
INi"bRMAL PATENT APPLICATION {PTO-152} which gives reason(s) why !he oath or declaraiion is deficient. 

6, 0 CORRECTED DRAWINGS ( as •replacement sheets' ) must be subrn1tted. 

(a) 0 Including changes fequired by the Nottc.e of Draftsperson's Patent Drawing Review ( PTO-946) attached 

1 )-0 hereto or 2) D lo Paper No./Ma11 Date __ . 

(b) D lnc/udrng ·changes required by the attached &a.miner's Amendment I Comment or Ii'! the Office action of 
Paper No./Mail Date __ . 

ldantlfyln9 lndlcl• such oa 1he oppllca~on numbor {soo-37 CrR 1,84(cl) ~houtd be Wrltton on the drawings In !he front (not t!ro back) of 
ooeh shoot, Roplaeom.ent shoe!(•) s hould be l•obofod: 111! ,such In the hoddor eceotdlng to 37 'CFR 1.12f(d), 

7. 0 DEPOSIT OF and/or INFORMATION about !he dep::isil of BIOLOGICAL MATERIAL must be submitted, Note the 
attached Ei(amfner's comment regarding REQUIREMENT FOR THE DEPOSIT OF B"1OLOGICAL MATERIAL, 

_Altach/llQnt(s) 
1. D Nolice of References Cited (PT0.892) 

2. tJ NoticeofDtaftperson's Patent Drawing Review (l=>T0-948) 

3. ~ lr1forrna!ioh DJsclosure S1atements (PT0•144Q. or PTO/S8/00), 
Paper No./Mail Date 04252005 

4, D Examiner's Comment Regardin~ Requirement tor Daposlt 

ol Biolog!cal Ma1erlal 

5. 0 Notice of Informal Patent Application (PiCH52} 

6. ~ Interview Surnm.iry (PT0-413}, 
Paper No./Mai[ bale 04252005. 

7. [a Examiner's A1T1endmenVCOm1r,ent 

8. Cl Examiner's S!a.ternen1 of Reasons forAllowance, 

9. 0 Other_. ..----_ (. \ ~ 

GEORGE B, PAVIS . 
PRIMARY izXAMINER 

-u;;;,S;-;,1;:••~1•~~,T-•""=r!O<l~.....,="''-'r:t1=1tc~-----------.....--...... - ~--~--------_,;,-------..,...-~ 
P'f'OL-37 {Rev. 1-04) Notlc;o ofAllowab]llty, Part o( PaperNo.iMllil Date 04252005 
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PTO/SB/44 (09-07) 
Approved for use through 08/31/2010. 0 MB 0651-0033 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Pape,work Reduction Act of 1995, no persons are required to respond to a collection of information unless It displays a valid 0MB control number. 

(Also Form PT0 -1050) 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. 6,959,293 B2 

APPLICATION NO.: 09/792,436 

ISSUE DATE 

INVENTOR(S) 

October 25. 2005 

Patrick Pirim 

Page _1_ of _1_ 

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

To the first page of the patent, below the Prior Publication Data section, please add the following section --

(30) Foreign Application Priority Data 

Feb. 24, 2000 (FR) .......................... .......... , 00 02355 -. 

In the drawings, Sheet 31, Fig, 40, replace each occurrence of "Apprentissage" with --Learning-- and replace 
"Classification automatique" with -Automatic Classification-. 

Column 1, line 13, replace "and is particularly useful" with --and are particularly useful--. 

Column 26, line 44, please add a semi-colon after "a control unit" to read --a control unit;--. 

Column 27, lines 5-6, replace "two or more histogram calculation unit" with --two or more histogram calculation 
units-; line 16, replace "said unit" with --said at least one calculation unit--; line 66, replace "End" with --END--. 

MAILING ADDRESS OF SENDER (Please do not use customer number below): 

Novak Druce + Quigg LLP 
525 Okeechobee Boulevard, 15th Floor 
West Palm Beach, FL 33401 

This collection ol information is required by 37 CFR t .322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file 
(and by the USPTO to process) an application, Confidentiality Is govemed by 35 U,S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour lo 
complete, including gathering. preparing, and, submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden1 should be sent to lhe Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450. Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TD: Atten tion Certifica te o f Co rrections B ranch, Commissioner for Patents, P.O . Box 1450, A lexandr ia, 
VA 22313-1450. 

If you need assistance in completing the form, ca/I 1-800-PTO-9199 and select option 2. 
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Electronic Patent Application Fee Transmittal 

Application Number: 09792436 

Filing Date: 23-Feb-2001 

Title of Invention: METHOD AND DEVICE FOR AUTOMATIC VISUAL PERCEPTION 

First Named Inventor/Applicant Name: Patrick Pi rim 

Filer: Gregory A. Nelson/TJ FATUM 

Attorney Docket Number: 20046H-0001 00 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Certificate of correction 1811 1 100 100 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Total in USD ($) 100 
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Electronic Acknowledgement Receipt 

EFSID: 8257029 

Application Number: 09792436 

International Application Number: 

Confirmation Number: 9956 

Title of Invention: METHOD AND DEVICE FOR AUTOMATIC VISUAL PERCEPTION 

First Named Inventor/Applicant Name: Patrick Pirim 

Customer Number: 20350 

Filer: Gregory A. Nelson/TJ FATUM 

Filer Authorized By: Gregory A. Nelson 

Attorney Docket Number: 20046H-0001 00 

Receipt Date: 20-AUG-2010 

Filing Date: 23-FEB-2001 

Time Stamp: 13:03:55 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $100 

RAM confirmation Number 6693 

Deposit Account 141437 

Authorized User KLINE,KAREN 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees) 
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

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

243438 

1 
Assignee showing of ownership per 37 

8042-5_STATEMENT.pdf no 2 
CFR 3.73(b). 

3 d4d 7 a687 df0a54c68d aa2d 7 d 312 7 61 bS dE 
22ea6 

Warnings: 

Information: 

3230969 

2 8042-5_COC_08191 0.pdf yes 20 
c24 f8f8b3 7f1 eb 77 6f0ca4cba48d bOd Oc2e2 

ae9c 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Power of Attorney 1 1 

Request for Certificate of Correction 2 19 

Request for Certificate of Correction 20 20 

Warnings: 

Information: 

30078 

3 Fee Worksheet (PTO-875) fee-info.pdf no 2 
0 783 6b4d 54e64bcff6 72c2c 12a4 9ffb 123 50 

8665 

Warnings: 

Information: 

Total Files Size (in bytes) 3504485 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

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

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

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/SB/96 (07 -09) 
Approved for use through 07/3112012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U S. DEPARTMENT OF COMMERCE 
Under the Pape,work Reduction Act of 1995, no persons are re u ired to respond to a oollection of information unless it dis la s a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(b) 

ApplicanUPatent Owner: PIRIM --- ----------------------- ---------------
App Ii cation No./Patent No.: _6'-19_5_9'-,2_9_3 _ _________ Filed/Issue Date: OCTOBER 25, 2005 

Titled: 
METHOD AND DEVICE FOR AUTOMATIC V ISUAL P ERCEPTION 

IMAGE PROCESSING TECHNOLOGIES LLC _____ ________________ , a CORPORATION 

(Name of Assignee) (Type of Assignee, e.g., oorporation, partnership, university, government agency, elc. 

states that it is: 

1. lg] the assignee of the entire right, title, and interest in; 

2. • an assignee of less than the entire right , title, and interest in 
(The extent (by percentage) of its ownership interest is ____ %); or 

3. D the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made) 

the patent application/patent identified above, by virtue of either: 

A. • An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel _ _ _____ , Frame _ ___ _ _ _ , or for which a 
copy therefore is attached. 

OR 

B. lg] A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: PIRIM To: HOLDING B .E.V.S.A. ------------ --- ----
The document was recorded in the United States Patent and Trademark Office at 

Reel 0 12489 Frame0149 , or for which a copy thereof is attached. 

2. From: HOLDING B .E.V.S.A . ET AL. To: U .S . DISTRICT COURT, S.D.FL 

The document was recorded in the United States Patent and Trademark Office at 

Reel O 15622 Frame 0 159 , or for which a copy thereof is attached. 

3. From: U.S. D ISTRICT COURT, S .D.FL To: BROWN 

The document was recorded in the United States Patent and Trademark Office at 

Reel 017057 Frame 0179 or for which a copy thereof is attached. 

lg] Additional documents in the chain of title are listed on a supplemental sheet(s). 

As required by 37 CFR 3 .73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the assignee was, 
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a t rue copy of the original assignment document(s)) must be submitted to Assignment Division in 
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

Signature 

E d G omez 

Printed or Typed Name 

· d below) is authorized to act on behalf of the assignee. 

13.2-o.10 
Date 

Chief IP Counsel, General Patent Corp./ General Patent 
Corp. is Manager, Image Processing Technologies LLC 

Title 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 u.s.c. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to oomplete. induding 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time 
you require to oomplete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce. P.O. Box 1450. Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 14S0, Alexandria, VA Z2313·14S0. 

If vou need assistance in comoletina the form. ca/11-8()()..PTQ..9199 and select ODlion 2. 
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STATEMENT UNDER 37 CFR 3.73(bl (Page 2 of 2) 

Applicant/Patent Owner: PIRIM --- ----- - --------- - - --- --- ------
App Ii oa ti on No./Patent No.: _6._9_59_._2_93 _______ ___ Filed/Issue Date: OCTOBER 25. 2005 

Titled: 
METHOD AND DEVICE FOR AUTOMATIC VISUAL PERCEPTION 

_IM_A_G_E_ P_R_O_ C_E_S_S_IN_G_T_E_C_H_N_O_LO_G_IE_S_L_L_C_, a CORPORATION 
(N8me of Ass,g,-) (Type ot Assignee, e.g ., corporation, per1netSllip, univ..-s;iy, govemfll8f1t agency, etc. 

From: U.S. DISTRICT COURT, S.D.Fl To: __ B_R_O_W_ N ____ ______ _ 

The document was recorded in the United States Patent and Tradematil Office at 
Reel 017057 Frame 0511 , or for which a copy thereof is altached. 

From: BROWN To: IMAGE PROCESSING TECHNOLOGIES LLC 

The document was recorded in the United States Patent and Trademark Office at 

Reel _ _ 0""2""3"'--4..,_,0,,_,9,__ _ __ , Frame ___ 0~9~8Z~--• or for which a oopy thereof is attached. 

From: To: - ------- - ----- - --
The document was recorded in the United States Patent and Trademark Office at 

Reel ____ _ ___ , Frame _ ______ , or for which a oopy thereof is attached. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re: Application of PIRIM Confirmation No. 9956 

Group: 2121 Patent No. 

Application No. 

Filing Date: 

6,959,293 

09/792,436 

February 23, 2001 

Examiner: Davis, George B 

Docket No. 8042-5 

For: METHOD AND DEVICE FOR AUTOMATIC VISUAL PERCEPTION 

ASSERTION OF SMALL ENTITY STATUS UNDER 37 C.F.R. §1.27 

Mail Stop 16 
Director of the U .S. Patent and Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313 

Sir: 

Applicants request that the entity status of the above-referenced application be corrected 

to reflect entitlement to small entity fees due to a transfer of ownership of the application. The 

current assignee of the application is entitled to small entity status under 3 7 C.F .R. § 1.27( a) and 

was entitled to small entity status on September 22, 2009 when the 3.5 year maintenance fee and 

surcharge were paid. 

Please contact the undersigned if clarification is needed. 

Dated: December ) () , 2009 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re: Application of PIRIM Confirmation No. 9956 

Patent No. Group: 2121 

Application No. 

Filing Date: 

6,959,293 

09/792,436 

February 23, 2001 

Examiner: Davis, George B 

Docket No. 8042-5 

For: METHOD AND DEVICE FOR AUTOMATIC VISUAL PERCEPTION 

REQUEST FOR REFUND 

Mail Stop 16 
Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313 

Dear Sir: 

On September 22, 2009, the undersigned submitted a payment of $1110.00 for the 

maintenance fee and surcharge for late payment in regard to the above-referenced patent. The 

large entity fees were mistakenly paid; however, the undersigned was later advised that the 

Assignee in this matter qualified for small entity status at the time of payment. Accordingly, 

pursuant to 37 C.F.R. 1.28, a refund in the total amount of $555.00 is requested as follows: 

Maintenance Fee: $490.00 

Late Payment Surcharge: $65.00 

Total: $555.00 

As this request is being filed less than three months after payment of the fee, this request 

for refund is timely. The Director of the U.S. Patent and Trademark Office is hereby authorized 

to credit the refund to the Credit Card on file for this case. 

-1-



Petitioner LG Ex-1004, 0033

Please contact the undersigned if there are any questions or if further clarification is needed. 

Respectfully submitted, 

NOV AK DRUCE + QUIGG LLP 

Date: December 10, 2009 

-2-
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Electronic Acknowledgement Receipt 

EFSID: 6611136 

Application Number: 09792436 

International Application Number: 

Confirmation Number: 9956 

Title of Invention: METHOD AND DEVICE FOR AUTOMATIC VISUAL PERCEPTION 

First Named Inventor/Applicant Name: Patrick Pirim 

Customer Number: 20350 

Filer: Gregory Marc Lefkowitz/Nani Kim 

Filer Authorized By: Gregory Marc Lefkowitz 

Attorney Docket Number: 20046H-0001 00 

Receipt Date: 10-DEC-2009 

Filing Date: 23-FEB-2001 

Time Stamp: 14:58:07 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

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

109847 

1 Miscellaneous Incoming Letter 8042_5_SmallEntityStatus.pdf no 1 
125bf8d61944a891 d3b1 b28ac58b4885c6a 

6ad54 

Warnings: 

Information: 
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154289 

2 Refund Request 8042_5_RequestRefund.pdf no 2 
272 9 7 ccfe4 21 d4eb3 3 OfeacaS 0683 ed 8a 7 c 4 

03ea 

Warnings: 

Information: 

Total Files Size (in bytes) 264136 

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

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

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

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

APPLICATION NO. 

09n92,436 

20350 7590 

FILING DATE FIRST NAMED INVENTOR 

02/23/2001 Palrick Pirim 

04127/200S 

TOWNSEND AND TOWNSEND AND CREW, LLP 
TWO EMBARCADERO CENTER 
EIGHTH FLOOR 
SAN FRANCISCO, CA 94111-3834 

UNITED STA TES DEPARTMENT OF COMMERCE 
United State, Parent and TradeD1ark Office 
Addnw: COMMISSIONER FOR PATENTS 

P.O. Dox. 14SO 
Alcunc!N, Virginia 22313•1'50 
www.wpo.g,ov 

ATTORNEY DOCKJlT NO. CONFIRMATION NO. 

20046H-OOOIOO 9956 

EXAMINER 

DAVIS, GEORGE B 

ART UNIT PAPER NUMBER 

2121 

DA TE MAILED: 04/27/2005 

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

PT0-90C (Rev. I 0/03) 
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Supplemental 
Notice of Allowabi/ity 

Application No. 

09/792,436 
Examiner 

George Davis 

Applicant(s) 

PIRIM, PATRICK 
Art Unit 

2121 

•• 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 al the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. ~ This communication is responsive lo 1118/05. 

2. ~ The allowed claim(s) is/are 1-29. 

3. ~ The drawings filed on 18 January 2005 are accepted by the Examiner. 

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

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

1. 0 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 (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

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

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

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

(b) 0 including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying lndicia 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. • 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. 0 Notice of References Cited (PTO-892) 

2. 0 Notice of Draflperson's Patent Drawing Review (PTO-948) 

3. 1:8] Information Disclosure Statements (PTO-1449 or PTO/SB/08), 
Paper No./Mail Date 04252005 

4. 0 Examiner's Comment Regarding Requirement for Deposit 

of Biological Material 

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

6. 1:8] Interview Summary (PTO-413), 
Paper No./Mail Date 04252005 . 

7. 1:8] Examiner's Amendment/Comment 

8. D Examiner's Statement of Reaso~ 

aoo~ __ . ~--·~~~---
GEORGE B. DAVIS 

PRIMARY EXAMINER 

U.S. Patent and Trademarl< Office 
PTOL-37 (Rev. 1-04) Notice of Allowabllity- Part of Paper No./Mail Date 04252005 
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Application/Control Number: 09/792,436 

Art Unit: 2121 

Examiner's Amendment 

Page 2 

1. An examiner's amendment to the record appears below. Should the changes 

and/or additions be unacceptable to applicant, an amendment may be filed as provided 

by 37 CFR 1.312. To ensure co_nsideration of such an amendment; it MUST be 

submitted no later than the payment of the issue fee. 

IN THE CLAIMS 

Claim 29, line 2, after "matrix" insert -- . --. 

2. Authorization for this examiner's amendment was given in a telephone interview 

with Gerald T. Gray on April 22, 2005. 

G. Davis 
C, .-f 

April 25, 2005 

c:::= 6::)· 
GEORGE B. DAVIS 

PRIMARY EXAMINER 
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Examiner-Initiated Interview Summary 

Application No. 

09n92,435 

Examiner 

George Davis 

Applicant(s) 

PIRIM, PATRICK 

Art Unit 

2121 

All Participants: 

(1) George Davis. 

(2) Gerald T. Gray. 

Date of Interview: __ 

Type of Interview: 
~ Telephonic 
D Video Conference 
D Personal (Copy given to: D Applicant 

Exhibit Shown or Demonstrated: D Yes 
If Yes, provide a brief description: 

Part I. 

Rejection(s) discussed: 

Claims discussed: 

Prior art documents discussed: 

Part II. 

Status of Application: __ 

(3) __ . 

(4) __ . 

Time: __ 

D Applicant's representative) 

~No 

SUBSTANCE OF INTERVIEW DESCRIBING THE GENERAL NATURE OF WHAT WAS DISCUSSED: 
See Examiner's Amendment. 

Part Ill. 

~ It is not necessary for applicant to provide a separate record of the substance of the interview, since the interview 
directly resulted in the allowance of the application. The examiner will provide a written summary of the substance 
of the interview in the Notice of Allow ability. . 

D It is not necessary for applicant to provide a separate record of the substance of the interview, since the interview 
did not result in resolution of all issues. A brief summary by the examiner appears in Part II above. 

I~ 6 :)__. 
(Examiner/SPE Signature) (ApplicanUApplicant's Representative Signature - if appropriate) 

U.S . Patent nrd Tns.dem111rk Office 
PTOL-413B (04-03) Examiner Initiated Interview Summary Paper No. 04252005 
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13. 
~ . 

ol?,;c-... . r 

't'I .. . . 
:,> 

Har O 1 zne, ~) PTO/S8/0SA (OW3) 

.. ~:! forlor,n 1449AIPTO Complete II Known 

~--, Application Number 09n92,436 
lNFORMATION DISCLOSURE Filing Date February 23, 2001 

STATEMENT BY APPLICANT First Named Inventor Pirim, Patrick 
Art Unit 2121 

(use as many sheets as necessary) Examiner Name George 8. Davis 
Sheet 11 I 0t11 Attorney Docket Number 20046H-000100US 

U.S. PATENT DOCUMENTS+ 
llocumenl Nu- c,a~s s~ be >cvf 

Emmner Cle 
Publlcallon 0110 Named Poiantee or .-

lni~at,• No.' -lllnd Code' (1-1 MM-00-YYYY ,Applca,II d Clled Docu,rent nl 
r 

L,t<l 1 4,783.828 11-08-1988 Sadjadi 3~L-. I 0 
CJ,(! 2 5,278,921 A 01-11-1994 Nakamura et al. ~xz /d , I 

r;, ' ' 3 5,774,581 A 06-30-1998 Fassnacllt et al. .~ S? 2 / i ,.o 
/:.II 4 6,597,738 B1 07-22-2003 Par!< et al. ~ J c;;. 2£h ~, ,,.., 
-

Examinlf 
lnillals' 

r .. ,~ 

EJcamlner 
Signature 

Ci1e 
No.' 

•--eooo' 
5 JP 

FOREIGN PATENT DOCUMENTS 
Foreign Patent Document 

Numw• Klnleooo'1'-I 

06-205780 A 

Publicatlan Date Name ~ Patentee or 

MM-00-VYYV Applicant of Cited 
oocurnent 

07-26-1994 Atoka Co. Ltd. 

Date 
Considered '11 

Pages, Colurms. Lines, 
Whel&Relavanl 

Passages or Relevant 
FiQunJS AnnAAr 

'EXAMINER: Initial if ,afarence cansiclered, wt>elhef 0t not CitaliOn IS in oonlormanca willl MPEP 609. Draw line through citation If not In c:onronnance 
er>d not consldarecl. Include copy of lhi& lonn with next c:ornm11111QU0n to ap~l I Appllcant•• unique CileUon C18$lgnaUon number (opt1ona11. • 
Kind Codes of U.S. Petant Docvments at www usptg gqy or MPEP 801.04. Enlar Qlfic:e lhal ls&11ed 1h11 documenl by the two,,111t1er 00de (WIPO 
Standalll ST.3). • For Jepanase palent Clocumenta, Ille Indication of Ille year of the reign of Iha EmpelOI' must precede~ serial number ol lho pa!ent 
documenl • Kind ol document by Ille approp,late symbcls es ~acated on the CIOCument under WIPO Standard ST. IB If possible. • Applicant ia to 
piaal a check mark hme If English language T11111ileU0n Is illlached. 
60342657 v1 

l" 

LI 
LI 
LI 
~ 

---... 
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e PRINTER RUSH e 
(PTO ASSISTANCE) 

Application : 09 /1 ('/ tP-1:J{r; Examiner: 

From: ~ n(Q{p. f J Location: 

GAU: 

Date: 

DOC CODE DOC DATE MISCELLANEOUS 

01449 

LL-1 -ot4 
D Continuing Data 

~ IDS · D Foreign Priority 

I>< ~C'JM in-10 - 0 Document Legibility 

0IIFW 0Fees 

0SRFW 0 Other 

0DRW 

• OATH 

0312 

• SPEC 

cJ-J;l I 

c!)_-J J-o 5 

NOTE: This fonn will be included as part of the official USPTO record, with the Response 
document coded as XRUSH. 
REV 10/04 
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9 PRINTER RUSH e 
(PTO ASSISTANCE) 

Application : 0 q / 1 a/ !)..-1:J{rJ Examiner : 
l 

From: "1" Nc[p. I } Location: 

Tracking #: 

GAU: 

Date: 

DOC CODE 

0 1449 

DOC DATE MISCELLANEOUS 

111,<-.:::,----- M 

0IIFW 

0SRFW 

0DRW 

• OATH 

0 312 

• SPEC 

D Continuing Data 

D Foreign Priority 

D Document Legibility 

0Fees 

OOther 

cJ/;J_/ 

cJ_-/)'J-()5 

[XRUSH] RESPONSE: ____________________ _ 

INITIALS: 
NOTE: This form wil I be included as part of the official US PTO record, with the Response 
document coded as XRUSH. 
REV 10/04 
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PTO/S8121 (09-04) 

- /' 

0,1-e~~ 
Application Number 09/792,436 l / 

TRANSMITTAL Filing Date February 23, 2001 

-"~~~ I 
FORM First Named Inventor Pirim, Patrick .. 

Art Unit 2121 

~~~t 
Examiner Name 

\ 

\ 

(to be used for all correspondence after infflal fdlng) George B. Davis 

Total Number of Pages in This Submission I Attorney Docket Number 20046H-000100US 

ENCLOSURES (Check all that apply) 

• Fee Transmittal Form t:8'.l Replacement Orawing(s) - 31 sheets • After Allowance Communication to TC 

• Fee Attached t:8'.l Letter to Official Draftsperson • Appeal Communication to Board 
of Appeals and Interferences 

• Amendment/Reply • Petition • Appeal Communication to TC 
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By: t~ TO~S~ 

£ Sylvia E. Arnold 

PATENT 
Attorney Docket No.: 20046H-000I00US 

Client Ref. No.: 308L US 3772 

IN THE UNITED STATES PATENT AND TRADEMARK.OFFICE 

In re application of: 

Patrick Pirim 

Application No.: 09/792,436 

Filed: February 23, 2001 

For: METHOD AND DEVICE FOR 
AUTOMATIC VISUAL PERCEPTION 

Customer No.: 20350 

Mail Stop Issue Fee 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Confirmation No. 9956 

Examiner: George B. Davis 

Technology Center/ Art Unit: 2121 

COMMUNICATION 

In view of the Supplemental Notice of Allowance mailed December 30, 2004, the 

required drawings will be submitted at a later date, but before the revised deadline of March 30, 

2005. 

TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, Eighth Floor 
San Francisco, California 94111-3834 
Tel: 925-4 72-5000 
Fax: 415-576-0300 
GTG:sea 
60392347 v1 
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Supplemental 
Notice of Allowability 

Application No. 

o9n92.436 
Examiner 

George Davis 

Applicant(s) 

PIRIM, PATRICK 
Art Unit 

2121 

•· 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 initiativ 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. 0 This communication is responsive to __ . 

2. 1:8] The allowed claim(s) is/are 1-29. 

3. 0 The drawings filed on __ are accepted by the Examiner. 

4. 1:8] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)~ All b) D Some• c) D None of the: 

1. ~ Certified copies of the priority documents have been re~eived. 

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

3. D Copies of the ce_rtified 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 (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

6. 1:8] CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

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

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

(b) ~ including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date 3/26/2004. 

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. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. D Information Disclosure Statements (PTO-1449 or PTO/SB/08), 
Paper No./Mail Date __ 

4. D Examiner's Comment Regarding Requirement for Deposit 

of Biological Material 

5. D Notice of Informal Patent Application (PTO-152) 

6. ~ Interview Summary (PTO-413), 
Paper No./Mail Date 12127/2004. 

7. D Examiner's AmendmenUComment 

8. D Examiner's Statement of Reasons for Allowance 

9. D Other c-:=• p 
George OaVI 
Primary Examiner 
Art Unit: 2121 

U.S. Patent and Trademar1< Office 
PTOL-37 (Rev. 1-04) Notice of Allowability Part of Paper No./Mail Date 1227200 
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Interview Summary 

Application N 

091792,436 

Examiner 

George Davis 

All participants (applicant, applicant's representative, PTO personnel): 

(1) George Davis. 

(2) Gerald T. Gray. 

Date of Interview: 27 December 2004. 

Type: a)C8J Telephonic b)O Video Conference 

(3) __ . 

(4) __ . 

c)O Personal [copy givE:n to: 1 )0 applicant 2)0 applicant's representative] 

Exhibit shown or demonstration conducted: d)O Yes 
If Yes, brief description: __ . 

Claim(s) discussed: !1Q!l§.. 

Identification of prior art discussed: none. 

e)[8] No. 

Applicant(s) 

PIRIM, PATRICK 

Art Unit 

2121 

Agreement with respect to the claims f)[8] was reached. g)O was not reached. h)O NIA. 

Substance of Interview including description of the general nature of what was agreed to if an agreement was 
reached, or any other comments: Examiner and Gerald T. Gray agreed to make changes shown in Supplemental 
Notice of Allowability. 

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims 
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims 
allowable is available, a summary thereof must be attached.) 

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE 
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS 
GIVEN ONE MONTH FROM THIS INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY 
FORM, WHICHEVER IS LATER, TO FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See 
Summary of Record of Interview requirements on reverse side or on attached sheet. 

Examiner Note: You must sign this form unless it is an 
Attachment to a signed Office action. 

U.S. Patent and Trademark Office 
PTOL-413 (Rev. 04-03) Interview Summary 

Examiner's signature, if required 

Paper No. 12272004 



Petitioner LG Ex-1004, 0082

TRANSMITTAL 
FORM 

Application Number 

Filing Date 

Fir.;I Named Inventor 

PTOISB/21 (04-04) 

09/792,436/' 

February 23, 2001 

Pirim, Patrick 
(to be usod fer all correspondone,i aflor inftial filing) Art Unit 2121 

Examiner Name George 8 , Davis 
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~ Fee Transmittal Fom, • Drawing(s) • After Allowance Communication 
to Technology Center (TC) 
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• After Final • Petition to Convert to a • Provisional Application Proprietary lnfom,ation 

• Affidavits/declaration(s) • Power of Attorney, Revocation • Status Letter Change of Correspondence Address 

:• Extension of Time Request • ~ Other Endosure(s) (please 
Tenninal Disclaimer identify below): 

• Express Abandonment Request • Request for Refund 
Return Postcard 

~ • References Cited (5) 
lnfOJTnation Disclosure Statement CD, Number of CD(s) 

• Certified Copy of Priority I Remarks I The Commissioner is authorized to charge any additional fees to Deposit 

Oocument(s) Account 20-14 30, 

• Response to Missing Parts/ 
Incomplete Application 

• Response to Missing Parts 
under 37 CFR 1,52 or 1,53 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT 
f:inn Townsend and Townsend and Crew LLP 
or 
Individual name Gerald T, Gray Reg. No, 4 1,797 

Signature 

M/(1. ~ 
Dale October 28, 2004 

CERTIFICATE OF TRANSMISSION/MAILING 

I hereby certify that this correspondence is being deposited with the United States Postal Service with sufficient postage as Iii.I class mall in an 
envelope addressed lo: Commissioner for Patents, P,O, Box 1450, Alexandria. VA 22313·1450 on the dale shown below, 

Typed or printed name Marta R. Vanegas 

Signature 
Date October 28, 2004 
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Effective la/0112004. Patent fees are subject to annunl revision. 
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§ 175 Design filing lee 

275 Plant filing lee 
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l eby certify that this correspondence is beini: deposited \lith the United PA TENT 

xandria, VA 22313-1450 

On oc.Mtu 2_g ( :lcolf 
TOWNSEND and TOWNSEND and CREW LLP 

By: ~ Vw(\_Q~ 

Attorney Docket No.: 20046H-000100US 
Client Reference No.: 308L US 3772 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: 

Patrick Pirim 

Application No.: 09/792,436 

Filed: February 23, 2001 

For: METHOD AND DEVICE FOR 
AUTOMATIC VJSUAL PERCEPTION 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Group Director: 2121 

Examiner: George B. Davis 

Art Unit: 2121 

SUPPLEMENT AL INFORMATION 
DISCLOSURE STATEMENT UNDER 3 7 
CFR §1.97 and §1.98 

The references cited on attached fonn PTO/SB/08A are being called to the 

attention of the Examiner. Copies of the references are enclosed. 

It is respectfully requested that the cited references be expressly considered 

during the prosecution of this application, and the references be made of record therein and 

appear among the "references cited" on any patent to issue therefrom. 

As provided for by 37 CFR 1 .97(g) and (h), no inference should be made that the 

information and references cited are prior art merely because they are in this statement and no 

representation is being made that a search has been conducted or that this statement encompasses 

all the possible relevant information. 

11/02/c004 DEt:rn~iJl c~~~~O:>J 201430 0979243& 

01 fC:i806 150.CO C~ 
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Patrick Pirim 
Application No.: 09/792,436 
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This IDS is being filed on or before payment of the issue fee. 

CERTIFICATION 

PATENT 

I hereby certify that no item of information contained in the Information 

Disclosure Statement filed herewith was cited in a communication from a foreign patent office in 

a counterpart foreign application, and, to my knowledge after making reasonable inquiry, no item 

of information conta!ned in this Information Disclosure Statement was known to any individual 

designated in 37 CFR l.56(c) more than three months prior to the filing of this Infonnation 

Disclosure Statement. 

Please charge the IDS fee of$180 to Deposit Account No. 20-1430. Please 

deduct any additional fees from, or credit any overpayment to, the above-noted Deposit Account. 

Respectfully submitted, 

~ T /nA-1/ 
Gerald T. Gray f 
Reg. No. 41,797 

TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, Eighth Floor 
San Francisco, California 94111-3834 
Tel: 925-472-5000 
Fax: 925-472-8895 
GTG:mrv 

60342657 v1 



Petitioner LG Ex-1004, 0086

' 

for form 1449A/PTO 

FORMATION DISCLOSURE 
STATEMENT BY APPLICANT 

(use as many sheets as necessary) 
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Filing Date 
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Attorney Docket Number 

PTO/SB/0SA (08-03) 
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09/792,436 

February 23, 2001 

Pirim, Patrick 
2121 

Geor e B. Davis 

20046H-000100US 

U.S. PATENT DOCUMENTS+ 

Examiner 
Initials• 

Examiner 
Initials· 

[ Examiner 
Signature 

Cite 
No.1 
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3 
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Cite 
No.' 
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Document Number 
Publication Date Name of Patentee OI 

Number Kind Code' (if known) MM-DD-YYYY Applicant of Cited Document 

4,783,828 11-08-1988 Sadjadi 
5,278,921 A 01-11-1994 Nakamura et al. 
5,774,581 A 06-30-1998 Fassnacht et al. 
6,597,738 81 07-22-2003 Park et al. 

FOREIGN PATENT DOCUMENTS 
Foreign Patent Document 

Name of Patentee or 

Country Code' Number4 
Kind Code' llf known) 

JP 06-205780 A 

Publication Date 
MM-DD-YYYY 

Applicant of Cited 
Document 
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Date 
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EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 809. Draw line through citation if not in conformance 
and not considered. Include copy of this form with next communication to ap~licant. 1 Applicant's unique citation designation number (opUonal). 2 

Kind Codes of U.S. Patent Documents at www uspto gay or MPEP 901.04. Enter Office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 4 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent 
document. 5 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST. 18 if possible. 6 Applicant is to 
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PATENT ABSTRACTS OF JAPAN 

( 11 )Publication numbc::r : 06-205780 

(43)Date of publication of application: 26.07.1994 

(Sl)lnt.Cl. 

(21 )Application number : 05-003037 

(22)Date of filing: 12.01.1993 

(54) ULTRASONIC IMAGE PROCESSOR 
(57)Abstract: 

A61B 8/14 
H04N 5/31 
H04N 5/57 

(71 )Applicant : 

(72)lnventor : 

PURPOSE: To provide an ultrasonic image processor capable of retrieving 
the degree of the contrast of the remarked region and invariably making the 
con trast reinforcement suitable to the region. 
CONSTITUTION: When two regions having a small density difference are lo 
be clarified, the desired region is encircled with a frame, then a frame readout 
circuit 4 outputs the region extraction signal 101 to a frame memory 2. The 
frame memory 2 outputs the present image data of the prescribed region 
encircled by the frame to a histogram circuit 7 according to the region 
extracting signal lOL The histogram circuit 7 generates a histogram based on 
the present image data of the prescribed region encircled by the frame. This 
histogram is smoothed by a histogram smoothing circuit 11, and the peak 
value of the smoothed histogram is retrieved by a peak value retrieving circuit 
15. A picture element value emphasizing circuit 3 determines a new density 
value based on the retrieved peak value and displays an image in.the'. 

'pres_cribelr'egion ·c:entering'on' the're"inarked picture'eiemei:ii e~~i~cled by the 
frame based on the new density value. 

LEGAL STATUS 

[Oak of request for examination] 17.10.1994 

[Date of sending the examiner's decision of rejection J IO .12.1996 

[Kind of final disposal of application other than the examiner's 
decision of rejection or application con\'erted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date oi' n:questing appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 

ALOKA CO LTD 

MURASHITA MASARU 
MATSUNAKA TOSHIYUKI 

,,,,,., ......................... , . ..................................... 

Copyright (C); 1998,2003 Japan Patent Oflice 
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*NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

I .This document has been trnnsluted by computer. So the translation muy not retlect the origin:.il precisely. 
2. **** shows the \\·ord \\'hich can not be transluted. 
3.ln the drnwings, any \\'OJ"ds ure not trnnsluted. 

~ ~::::.:::::: :: : : : : :: : : : : . '.:::.::::. :·:.::::::::::.: ·::.'::::'::::::.::::::.::::: '.::::::: :: : : : : : : : : ·::::.::.:::: : : : : : .. : : : . : : : : '.: ',:.::::::::: ... :::::::::::::::.:. '.:::::::::.:.::: .... : ......... :::::::::.:.::::::::::: '.:::::.:: '.: '.: '.: '.::.: '.:.::::::: '.: '.::::::::: '.: '.:' 
DETAILED DESCRIPTION 

[Detuiled Description of the [n\'ention] 
[0001] 
[Industrial Applicution] This invention relutes to the ultrnsonic image processing system \\'hich cun choose the range of the frame 
which is upplied to the ultrusonic imuge processing system used for un ultrnsonic diagnostic equipment, especially surrounds the 
predetermined field centering on the attention pixel in pixel information. 
[0002] 
[Description of the Prior An] Although u bone is displayed white and un internal-organs orgun is displayed on gray, and it is 
clearly displayed since the shade difference is large when the rctlection factors of a supersonic wu\'C differ among the obtained 
ultrasonic images in an ultrasonic diagnostic equipment con\'entionully like two fields where a shade difference is large, for 
example, a bone, und un internal-organs organ For example, there is a function to change allocation of a gray scale bar as contrast 
adjustment or postprocess processing as u function of liver and the kidney to clarify two fields where a shade difference is small 
like. 
(0003] 
[Problem(s) to be Solved by the Invention] However, the function to change contrast adjustment and allocation of a gray scale bar 
is performed to the whole screen, and there is fault of giving the impression that image quality is hard. Moreover, in order to 
clarify two fields where le\'el differs and where a shade difference is small in the ultrusonic image which will become remaining 
us it is once it sets up, and chunges every moment, the function to change contrast adjustment und allocation of a gray scale bar 
hud to be reset according to the level, and the time and effo1i wus complicated. 1 

(0004] This invention is made in order to cancel the above technical problems, it searches the degree of the contrast of the field to 
observe, and aims at offering the ultrasonic image processing system which can always perfonn contrast strengthening suitable for 
the field. 
[0005] 
[Means for Solving the Problem] The ultrasonic image processing system which this invention is made in view of the ..... , ..... . 
above-mentioned situation, and is applied to this invention A histogram creation means to create the histogram of the pixel group 
in a predetermined field centering on the attention pixel in pixel infonnation, A peak value retrieval means to search the peak 
value of the histogram created by the histogram creution meuns, It is characterized by perlonning contrast ,stretching only to the\ 

,., precletemiined field which was· equipped with a pixel value emphasis means by which the gruy level table memorized befo.reharid 
pe1forms contrast stretching processing only for un attention pixel, surrounded the predetennined field by the frame with the 
frame selection means, and was surrounded by the frame. 
[0006] 
[Function] Based on the abo\'c-mentioned configuration, the ultrusonic image processing s_,·stcm concerning this invention 
Sunound a predetennincd field b~• the frame with a frame selection means, and the histogram of the pixel group in a 
prcdetcm1incd tield centering on the attention pixel in pixel infomrntion is created with a histogrum creation means. The peak 
vulue of the histogrum created by the histo1::-1-ram creation mcuns is searched \\'ith a peak n1luc rctrievul means. Contrast stretching 
processing is pcrti.Jnncd only to the pre<lctcnnincd tield centcring on the attention pixel suITuundL·d by the framL' by the gray level 
table beforehand memorized with the pixel value cmphusi,; means, and the optimal contrast stn:tching for thl! prcdetcnnined field 
centering on the uttention pixel stu-roundcd by the frume on real time cun be perforn1ed. 
(0007] 
[Example] Hcrealicr, on~ example of this in\'cntion is expluincd using dra\\'ing. 
[0008] Drm•:int I is the block diagrnm ,;ho\\'ing the configuration of the ultra:,;onic image procc;-;,;ing system concerning this 
invention. 
[0009] The ultrasonic image processing sy:,;tem has AID converter I which cuITics out NI) conversion of the ultrasonic input 
signal (:.malog signal), am! the frame memory 2 which memorizes the ultrusonic input signul I 00 for one screen by which AID 
conversion was caiTicd out (digital signal), and the pixel value intensitkr 3 mcntioned later arc connl!ctcd to AID convener I. 
Funhennore, the ultrasonic image processing system bus the frame memory read-out circuit 4 \\·hich inputs into a frame memory 
2 the field extract signal IO I for extracting the predetermined field centering on the attention pixel surrounded by the frame with 
the input signal from a control unit (not shown), and a frame memory 2 outputs the dutu Xi of u predetennined 1Ield centering on 
an attention pixel according to the field cxtruct signal (uddress) from the frame memory read-out circuit 4. 
[0010] And the pixel value intensifier 3 und selector 5 which arc mentioned later arc connected to the frame memory 2, and u 
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selector 5 chooses the signal from a frame memory 2, or the signal from the histogram read-out counter 6. Furthermore, the 
histogram-ized circuit 7 which creates the histogram of the predetermined field centering on the attention pixel enclosed with a 
frame is connected to the selector 5, and the histogram-ized circuit 7 is constituted b~' RAMS for histograms, the increment circuit 
9, and the latch I 0. 
[001 I] Moreover, the histogram smoothing circuit 11 which graduates the created histogram is connected to the histogram-ized 
circuit 7, and the histogram smoothing circuit 11 is constituted by the shift register 12, the.! addl!r 13 which adds every eight data 
approximately, and the latch I 4. And the histogram smoothing circuit 11 and the peak value retrieval circuit 15 which searches 
peak value P of the histogram graduated by the histogram smoothing circuit 11 to the histogram read-out counter 6 are connected, 
and the peak value retrieval circuit 15 is constituted by the comparator 16 which compares the.: last peak value with this peak 
value, and outputs a latch signal only when this peak value is large, and latches 17 and 18. 
[0012] funhermore, to the peak value retriernl circuit 15, a frame memory 2, and AID com·c:rter I The pixel value intensifier 3 
which emphasizes the contrast of the predetermined field centering on the attention pixel c.:nclosed with a frame is connected. The 
pixel value intensifier 3 The sub tractor 19 which subtracts peak value P of the front imuge data searched by the peak value 
retrieval circuit 15 from the present image data Xi of the predetem1ined field centering on the.! attention pixel enclosed with a 
frame, The multiplier 20 which multiplies an output (Xi-P) by the contrast stretching con,;tant K from a subtractor 19, It is 
constituted by the selector 22 which chooses the signal outputted from the adder 21 which adds peak value P to the output K of a 
multiplier 20 (Xi-P), and the.! signal or adder 21 from AID con\'ener I. 
[0013] In addition, since it becomes Gaussian distribution as a histogram is shown in dr:nrinu 2, and this Gaussian distribution 
will become narrow if Gaussian distribution lowers breadth and contrast if contrast is raisl!d, this description is applied, and 
contrast can be raised, if the configuration of the present histogram as shmrn in drawing 2 is changed so that it may spread 
focusing on peak value as shown in drawing 3 . That is, a gray level table which spreads the configuration of a histogram focusing 
on peak value is created, and contrast can be raised if regeneration of the image is carried out. If P and the gray level of each 
present pixel are set to Xi for the gray level \\·hich takes peak value when a histogram as shmrn in drawing 2 is obtained, the new 
gray level Yi will be calculated by the degree type. 
[0014] Yi=K (Xi-P) +P, next an operation of this example are explained. 
[00 I 5] The ultrasonic input signal (analog signal) obtained by the ultrasonic diagnostic equipment is changed into a digital signal 
I 00 by AID converter I, and is displayed on the display which is not illustrated through a selector 22. Under the present 
circumstances, the ultrasonic input signal I 00 changed into the digital signal by AID converter I is memorized by the frame 
memory 2. 
[0016] And when two fields where a shade difference is small want to clarify among the images currently displayed on the 
display, an operator surrounds a desired field by the frame by the control unit which is not illustrated. Then, the input signal from 
a control unit is inputted into the frame memory read-out circuit 4, and is outputted to a frame memory 2 as a field extract signal 
101 from the frame memory read-out circuit 4. And a frame memory 2 outputs the present image data Xi of the predetermined 
field centering on the attention pixel surrounded by the frame from the data for one screen according to the address specified by 
the field e:-..iract signal IO I to the sub tractor 19 of the pixel value intensifier 3, and outputs it to the histogram-ized circuit 7 
through a selector 5. 
(0017] Furthermore, the histogram-ized circuit 7 creates a histogram as shown in dnming 2 based on the present image data Xi 
of the predete1mined field centering on the attention pixel surrounded by the frame. And the histogram created by the 
histogram-ized circuit 7 is graduated by the histogram smoothing circuit 11. For examplc, it has graduated by adding every eight 
data with an adder 13 approximately. 
(0018] And the histogram graduated by the histogram-ized circuit 7 has the peak value P searched by the peak value retrieval 
circuit 15. That is, a comparator 16 compares the last peak value and this peak value, and only when this peak value is large, a 
latch signal is outputted to latches 17 and 18. fui1hem1orc, peak ,·alue P outputted by Iawh 18 is inputted into a subtractor 19, and 
from the present image data Xi of the predetermined field centering on the attention pixel smrnunded by the frame, a subtractor 
19 deducts peak value P and outputs deducted value Xi-P to a multiplier 20. 
[0019] And a multiplier 20 multiplies output Xi-P of a subtractor 19 by the contrast stretching constant K, and outputs it to an 
adder 21, and an adder 21 adds the output P of the pc.!ak value retrieval circuit 15 to the output Kofa multiplier 20 (Xi-P), and 
obtains the new gray le\·el Yi. And the image of the predetennined field centering on the attention pixel suITotmded by the frame 
with the new gray level Yi is displayed. 
(0020] For example, the more Xi becomes smaller than I 00, it becomes smaller [ Yi ] than the value of Xi and Xi becomes larger 
than 100, it becomes larger [Yi) than the value of Xi, and, the more contrast is rniscd [ \\·hen rctc1Ted to as K= 2 and P= JOO, as 
it is shown in Jr:::wing 4 , ]. 
[0021] 
[Ellect of the Invention] As explained above, according to this inwntion, the histogram of'thc pixel group in a predetem1ined field 
ct:ntering on the attention pixel suITounded by the frame in pixel infonnation with the histo~11·a111 creation means is created. The 
peak vuluc of the histogram created by the histogram creation means is searched with a peak value retrieval means. Since it 
constituted so that contrast stretching processing might be perfonned only to the predetennined field centering on the attention 
pixel sun-ounded by the fram.:: by the gray level table beforehand memorized with the pixel value emphasis means, the optimal 
contrast stretching for the predetennined field centering on the attention pixel surrounded by the frame on real time can be 
perforn1ed. 
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respectfully request issuance of a revised or supplemental Notice for the reasons as discussed 

herein in the Remarks section. 
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Appl. No. 09/792,436 PATENT 

REMARKS/ ARGUMENTS 

A copy of the Notice of Allowability mailed October 6, 2004 is enclosed. In that 

Notice item 4 indicates that none of the certified copies of the priority documents have been 

received. The undersigned, however, respectfully asserts that a certified copy of the priority 

document was filed on August 26, 2004, and was indeed received by the Patent Office as 

evidenced by its availability through the PAIR website. Correction of this acknowledgement is 

respectfully requested. 

Additionally, item 7 in the Notice indicates that the deposit of biological material 

is required. It is respectfully assumed that this requirement is erroneous because this application 

has nothing to do with biological material. Correction of this requirement is also respectfully 

requested. 

Therefore, it is respectfully requested that a revised or supplemental Notice of 

Allowability be issued, and that the date for payment of the Issue Fee be reset accordingly. 

CONCLUSION 

In view of the foregoing, the issuance of a revised or supplemental Notice of 

Allowance at an early date is respectfully requested. 

If the Examiner believes a telephone conference would expedite prosecution of 

this application, please telephone the undersigned at 925-472-5000. 

TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, Eighth Floor 
San Francisco, California 94111-3834 
Tel: 925-472-5000 
Fax: 415-576-0300 
Attachments 
GTG:sea 
60336930 v1 

Respectfully submitted, 

/4.J.(r.3/ 
Gerald T. Gray 
Reg. No. 41,797 
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PETITION BY-THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN lll&EE MONTHS .FROM THE 
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AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL 
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 !tatus: 

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

B. If the status above is to be removed, check box Sb on Part 8 • 
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the ammmt of the ISSUE FEE shown above, or 

lfthe SMALL ENTITY is shown as NO: 

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

B. If applicant claimed SMALL ENTITY status before, or is now 
claiminJ SMALL ENTITY status, check box Sa on Part B • Fee(s) 
Tl'IIIISDlllllll and pay the PUBLICATION FEE (if required) and 1/1 
the ISSUE FEE shown above. . 

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

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

IMPORTANT REMINDER: Utillty patents Issuing on applications flied on or after Dec. ll, 1!180 may require payment or 
maintenance fees. It ls patentee's responslbWty to ensure timely payment of maintenance fees when due. 
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Complete and send 

o'Ps ..... 
Cr 

Otl 1 ~ 7Sf,1. ': PART B - F&E(S) TRANSMITTAL .., . 

form, togethe~th applicable fee{•), to: Mall 
~ ¢ · 

Mall StoP. ISSUE FEE 
Commissioner for Patents 
P.O. Dor. 1450 4 1'11AI!~~ ~--- . Aler.andrla. Virginia 22313-1450 

or £11 (703) 746-4000 
INSTRUCTIONS: This fmm should be uscd for ll'llllSmiuing the ISSUB FEB and PUBLICATION FEB (if~). Blocks I lhJ'ouih S should be ~letcd wbcrc 
_., All fut1bcr ~ incJ.udi!lg the Pale!II, 8dvancc orders ~ noaficalica of mainlmeace wes will be mailed to the cummt corrcSDOlldmu addiess as 
~~~low or dlrcc!ed olbcnvise In Block I, by (a) specifying a ucw carrespandmcc address; and/CD' (b) lndicalina a scpllnllC 'fBB ADDRESS" for 

20350 1590 J0,1)6'2004 

Nole: A catificatc of mailimt can cmly be used for do111C11ic mailingi of the 
Fc,:(s) Tnmsmlttal. This «:rtllicate C8Dllot be used for &DY. ocher 8:CC()l!lplll)'Ulll 
papers. Each add/liooal ~j~ch as ID ffllginnenl or formal drawllig. mus! 
have ils OW11 certificate of • ID' tnmsmlssian. 

TOWNSEND AND TOWNSEND AND CREW, LLP 
TWO EMBARCADERO CENTER . 
EIGHTH FLOOR 
SAN FRANCISCO, CA 94111-3834 

CerUlkate of M.illag or Tran1mla6on 
I hc?eb catitv 1h11 Ibis FceCsl Tnmmlttal is be' <fcposiled with the UDiled 
Slates~ Scsvicc with sullicicnl PQstage for ~t class mail in an CDVC!ope 
addressed to the Mail s~ ISSUE FE!, address al>o~:lcd~ facsimile 
lrallsllliucd lo the USPTO 3\ 746-<IOOO cm the dale · beow. 

(D,poMJon -> 
(9iph,ft) 

(Doi•) 

FILINO DA l1i FlllST N.U,IED INVEITTOR I ATJ'OllNEY OOCXET NO. I CONFIRMATION NO. 

O'J/792,436 02/lJ/1.001 20046H--OOOIOO 9956 

TITLE OF INVENTION: Ml!11IOD AND DHVICI! FOR AUJ'OMATIC VISUAL PERCEPTION 

AJ'Pl.H .. TYfE SMAIL EN111T ISSUE I'll PUBUCATIONFE.E lUTALfEE(S)DUE DATEDUli 

NO SIJ70 SJOO $1670 Ol/06/l005 

.AAT\OOT CLASS-SUBCLASS . 

DA VIS, GllORGE 8 2121 706--020000 

1. Oiaziile of co,respondcnce addzess at indicati.aa of "Fee Add=$" (37 :Z.. For priD1ing Oil the palt:D.1 front pase, list 
CFR l.3'63). · 

0 ~~ 14d!en (or Oiange ofCo:respondenee ~) :,;,~ ~Jfy,gistaa! patmt wtamey~ 
Address PTO 122) aaached. (2) die= of a smglr; fum (hi!~ os a member a 2 _________ _ 

, 0 "Fcc Address" indicadoa (or "Fee Address" Indicalim, fmm !"iJist=d attorney or agent) and the IWIICS of up tn 
PTOISB/47; Rev 03,m or J11<1TC 1e0e111) auacbed. Use er a Customer 2 n:gislen:d plllcll!, !IIU)meyS ID' agents. If no namc is 3 
Nlllllber II requlrtd. . . liSll,ij, oo namo will be printed. -------'----

3. ASSlGNEBNAMBAND RESIDENCE DATA TO Bil PRINTBDON rnBPATENT(pint CD' type) · 

PLEASll NOTE: Unlcn III assia:nee is id.cntificd below, no ~ data will 8'lPc&r on the paleat. If an assigPee is idaltifiecl below, the dowmcnt bas beco filed for 
m:ordadoo as set forth in 3 7 CFR 3.11. Coq,lclicm of th1S fmm is NOT a sutistinile far filing an assignment. 

(A) NAM!! OF ASSIGNEE (B) RESIDENCB: (CTIY and STA 'rnOR COtmr'RY) 

Please cbel:lt the apprcpriam assignee Cllegory or calegorics (will IIOI be printed cm the pucnl) : 0 fudividual O Coiporau011 or other pri:vatc ~up eolity O Govcmmcnt 
4a. Tbe followiag.fee(s) fflcnclosed: 

0IssucFee 

0 Publication Fee (No small entity disoou_nt permitted) 
0 AdvlinceOnler. # of Copies _ _____ _ 

S. Change ID Entity stat .. (from status indicaledabovc) 
Q L Applicant claims SMALL ENl1TY statm. See 37 CFR 1.27. 

4b. Payment offee(s): 

0 A check in the lllllOIUll of the fc,:(s) 1s enclosed. 
• Payment by <:ffllil card. Form PT0-2038 is a11achcd. 

• ·~ Di=tor is ben!by authorized by charge the~ fec,(s), CD' mdil any (!vapayment, lo 
Deposit Accowl1Numbcr ·(enclose an extta copy of this 1mm). 

Q b. AppliCIIIII is DO Jonser clainiing SMALL l!NTITY 518Ws. See 37 CFR 1.27(8)(2). 

Tbc Dumm of lhe USPTO is ~ ro 8llllly the Issue Fee and Publication Fee (if any) or lo re-BDDlv 1111y previously pal(! issue fee ro the application identified above. 
NOTE: The Issa, Fee and Publication Fee (ir~) will oot be ~ from anyone cichct lh1111 !lie appliciDI; • rell'sli:m:l allmney or agaic; or the assignee or olbor party in 
lnllereSI as shown by lhe leCOJds of the Unlled Slales Patent and Tnidemarlr. Office. 

AutbariffilSipll.R _______________ _ Date ____________ _ 

Typedor~name _______________ _ Regislnltion No. _______ __ _ 

This colleccion of infarm'!ti.qo is required bl' 37 CFR 1.31 I. The infonnation is ~l!inxi lo obtain at retain a benefit by the public which is lo file (and by Che USPTO=~ss) 
an appllcalioo. Confi<!ai!UllllY is gow:medby 35 U.S.C. 122 and 37 all 1:14. lblS collection is estimaled lo tab: 12 mhiutes ro c~lete, including gatherins, g, and 
sublilitalog Ilic ~ 8PP.li&ation form IO the USPTO. Time will VII)' dciJcndinlI IIIQl lbG indiVKlwll case. AITf li0DllllCllls Oil lbC BIDDIDlt of lime Y011 ~ IO romplcle 
chis fmm imd!CD" IIUBllcstlm,s fat reducina lhls bunlcn. shauld be &mt 1o tflc ~f Imarmalion Officer; U.S. Patcnl and Tradanmk om..,, U.S. 0eJM!rtnimt ofComm<:rcc, l'.O. 
~!~~-Al~ Vuginia 22313-fil50. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SBNO TO: C.Ommissicmer for Palmts, P.O. Bolt 1450, Al"""""""' VilJ!mia223!,-J450. · 
Unda-lhe PapcrWOik Ralucticm Acfof 1995, PD persons an, required ID respaxlto acollecli.cmof informalian unless it displays a wlid 0MB CODll'OI munbc:r. 

Pl'OL-IJS (Rev. 09/04) Approved fur use thnloJab 04/30/2007. 0MB 06S1-0033 U.S. Pall:Ot and Trademarlr. Office; U.S. OBPAR'JMEIIIT OF COMMERCE 
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APPUCATIONNO. FILINODATE FIRST NAMED INVEl<IUll 

O'Jn92,436 O'l/23/2001 

20350 7590 IOJ06/2004 

TOWNSEND AND TOWNSEND AND CREW, LLP 
TWO EMBARCADERO CENTER 
EIGHI'H FLOOR 
SAN FRANCIS.CO, CA 94111-3834 

PalriaPirim 

UNITltD STATIIS D!PAllTMENTOFCOMMBRCB 
Ualll>d Stua Patmt and Tndeawt< OfDtt · A-COMMlSSIONEll FOil PA TEN1'S 

P.O. Boa 14511 
Aballdlu, 1/qjnla Wl:l-14$0 __ ....,._ 

I AlTOllNEYDOClCETNO. I C:ONPlllMATlON NO. 

20046H--OOOIOO 9956 

EXAMINER. 

DA VIS, OEOR.OE B 

AllTUNTT P APEll HUMBER. 

2121 

DATE MAILED: I0/06/Z004 

rietenninatlQli of Patent Te~-Adjustment.under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) · · 

The Patent Term Adjustment to date is 335 day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be 335 day(s). 

If a Continued Prosecution Application (CPA) was · filed in the above-id~ntified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed infonnation by accessing the Patent Application Information Retrieval 
(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (703) 305-1383. Questions relating to issue and publication fee payments should be 
directed to the Customer Setvice Center of the Office of Patent Publication at (703) 305-8283. 
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... 

APl'UCATION NO. PIIJNODATE FIRST NAMED INVENTOR 

02/23/2001 

211350 7590 

TOWNSEND AND TOWNS.END AND CREW, LLP 
TWO EMBARCADERO CENTER 
EIGHTH FLOOR 
SAN FRANCISCO, CA 94lll-3834 · 

PatrickPirim 

I ATTORNEY DOaET NO. I CONPIRMA TION NO. 

20046H-OOO 100 9956 

DA VIS, OEOROE 8 

ARTUNTT 

2121 

DATBMAILED: 10.1)6/2004 

PAPER. NUMBER. 

Notice of Fee Increase on October 1, 2004 

If a reply to a "Notice of Allowance and Fee(s) Due" is filed in the Office on or after October 1, 2004, then the 
amoupt due will be higher than that set forth in the "Notice of Allowance and Fee(s) Due" because some fees will 
increase effective October I ,.20M .. ~ .-~ gf ~~ fgI ~ Ym 200j; Einal Ruk. 69 Fed Reg. 52604, 
52606 (May 10, 2004). . . .. 

The currentfee schedule is accessible from WEB site (http://www.uspto.gov/main/howtofees.htm). 

If the fee paid is the amount shown on the ''Notice of Allowance and Fee(s) Due" but not the correct amount in view 
of the fee increase, a "Notice of Pay Balance of Issue Fee" will be mailed to applicant. In order to avoid processing 
delays associated with mailing of a "Notice of Pay Balance of Issue Fee," if the response to the Notice of Allowance 
is to be filed on or after October 1, 2004 (or mailed with a certificate of mailing on or after October 1, 2004), the 
issue fee paid should be the fee that is required at the time the fee is paid. 8" Manual nf f.iw:m Examjnjne Procedure 
<MPEP), Section 1306 (Eighth Edition, Rev. 2, May 2004). If the issue fee was previously paid, and the response to · 
the ''Notice of Allowance and Fee(s) Due" includes a request to apply a previously-paid issue fee to the issue fee 
now due, then the difference between the issue fee amount at the time the response is filed and the previously-paid 
issue fee should be paid.~~ Section 1308.01. · 

Effective October 1, 2004, 37 CFR l.f8 is amended by revising paragraphs (a) through (c) to read as set forth below: 

Section 1.18 Patent post allowance (including_ issue) fees. 

(a) Issue fee for issuing each original or reissue patent, 
except a design or plant patent: 

By a small entity (Sec. 1.27(a)) ............ : ......... $685.00 
By other.than a small entity ......................... $1,370.00 

-(b) Issue fee for issuing a design patent: 
By a small entity (Sec. 1.27(a)) ...................... $245.00 
By other than a small entity .................... , ....... $490.00 

(c) Issue fee for issuing a plant patent: 
By a small entity (Sec. I.27(a)) ...................... $330.00 
By other than a small entity ............................ $660.00 

Questions relating to issue and publication fee payments should be directed to the Customer Service Center of the 
Office of Patent Publication at (703) 305-8283. · 
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Notice of All 

Applleatlon No. 

09f792 436 
Examiner 

George Davis 

Appllcan.~(s) · 

PIRIM PATRICK 
Art Unit 

2121 

- The MA/UNG DATE of this communlcatlon appears on the cover sheet with the correspondence address­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED i_n this application. If not Included 
herewith (or previously malled), a Notice of Allowance (PTOL-85) or other appropriate communication will be malled In due course. THIS 
NOTICE OF ALLOWABIUTY IS NOT A GRANT OF PA TENT 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. ~ This communication is responsive to 813012004. 

2. ~ The affowed clalm(s) ls/are f-29. 

3. 0 The drawings filed on _ _ 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) D All b) D Some• c) 181 None of the: 

1. ® Certified copies of the priority documents have been received. . 

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

3. D 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 tlmely·compiy will result in ABANDONMENT ot this application. . 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

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

6. 181 CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 
(a) O Including changes required by the Notice of Draft.sperson's Patent Drawing Review ( PT0-948) attached 

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

(b) 181 including changes required by the attached Examiner's Amendment/ Comment or In the Office action of 
Paper NoJMail Date 3/26/2004. 

ldentlfytng lndicla such as the application number (see 37 CFR 1.84(c)) should be written on ~he d,:awlngs In the frc;,nt (not the back) of 
each sheet. Replacement sheet(s) should be labeled aa such In the header accc;,rding to 37 CFR 1.121(d). 

7.181 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 BIOLOGICAi., MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PT0-892) 

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

3. 181 Information Disclosure Statements (PT0-1449 or PTO/SB/08), 
Paper No./Mall Date 6/22/2004 . 

4 . 0 Examiner's Comment Regarding Requirement for Deposit 

of Biological Material 

5. D Notice of Informal Patent Application (PT0:152) 

6. D Interview Summary (PT0-413), 
Paper No./Mall Date __ . 

7. 0 Examiner's Amendment/Comment 

8. D Examiner's Statement of Reasons for Allowance 

9. 00ther_. -- p _ 
~-.. 

George D is 
Primary Examiner 
Art Unit: 2121 

U.S. Patent and Tradem311< OfGee 
PTOL-37 (Rev. 1-04) Notice of Allowabllity Part of Paper No./Mail Date 30092004 
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PTO/SMSA (08-03) 

ORMATION DISCLOSURE 
STATEMENT BY APPLICANT 

(IJ•e •• many""• •• necessary} 
Sheet 1 of. 1 

~~ 

Complete U Known . 
Appllc:ellon Number 09.'792,438 

FebNary 23, 2001 
Plltm Palric:k 

MUnll 2121 
Dll't'ls B. 
20046H-000100US 

U.S. PATENT DOCUMENTS 

~Ym ,._111 .. -• 
AllllUClnlGIC...,OllcmWII --- ' -~ 

~ 
a. 
Ho.' .., _ _,, r-.,.,., "- c\~s~ ,, cu~,. I,, r~ 

6',Y 
~,v 

Eicamner 
lnitiall· 

Examiner 
Signature 

1 
2 

018 
Ne,.' 

US-5,008,946 04-16-1991 Ando -~~S? /. / IOU 
US-5,625,717 04-29-1997 · Hashimoto et al. ~ ">( '.:) / "l.~D . 

----•" 1r-l""II. n £ \.1LI V L..L..I 

. llJN 'i'. R /IJuci • 
I 

I _,_.,. /',..nf,., 1Hnn 
--•''·-·-.;,, -- ··- -·--

FOREIGN PATENT DOCUMENTS 
Foreign Patenl 00CUfflel\l 

Name of Pelantee OI 
Pages. Counns, I.Ines, 
WlweRllevent 

·~-co.' -· _,,,,,.,,,._, Putllk:ab Dale 
MM-00-YYYY 

Date 
eons1c1,rec1 

Applicant ol Clted 
Doc;ument 

PISSIQ8Sc,Rlllevlwlt - T' 

~ 

L 

0

EXAMINER: lnl1Jal if reference considered, ther or no1 dlallon la In confonnance \Oith MP!P 808. Draw Une lhraugh dlaUon If In conlonnanca end nol . 
conlidlttll:I. Include ClOP1 d IN• fom, -i,t111 next oommllfllca11011 to epplic:anl ' Applicant's unique dletlon deslgnellon lll#l'IC>er {Ol)llanal). 1 See Kind Codn of 
USPTO Petent Documents et i,ww UJplp,aqy 01 MPEP 901.04. 1 Enter Offlce that laaued 1118 document. by 1he two-1111t111 codt ~IPO Slanderd 51'.3). • For 
Je~111 pattnt documente, lhe lndlc8llan Of the ~ar of the reign ol lhe Emperor muet p!BCede the Mllal numtllr of 1118 patent doC:umanl • Kind of document 
by·Ule epp,op,tate symbolt ea lncicateO on Ille document under WIPO Standard ST. 16 f possible. 1 ApplJcanl !a to pllce e dleck mlllk hete If Englltll 
language TranlleUon le all8Ctled. 
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.. 0~ ct~) ;2/21 
OCT 7 5 2004 ~ \ · ljf1a o .. .. I PTQJS 21 (04-04) 

r ~ i Application Number o9n92,436 

.__.},liM'lt AL Filing Date February 23, 2001 
FORM First Named Inventor Pirim, Patrick 

/to bo used for an cotrespcndance aRer initial ming) Art Unit 2121 
Examiner Name George B. Davis 

\... Total Number of Pages In This Submission I Attorney Docket Number 20046H-0001 00US 

ENCLOSURES (Chflck all that apply) 

• Fee Transmittal Form • Drawing(s) • . After Allowance Communication 
lo Technology Center (TC) 

• Fee Attached • Licensing-related Papers • Appeal Communication to Board 
of Appeals and Interferences 

• AmendmenVReply • Petition • Appeal Communication to TC 
(Appeal Nollco, Briel, Reply Briel) 

• After Final • Petilion to Convert to a • Provisional Application Proprielary Information 

• Affidavits/declaration(s) • Power of Attorney, Revocation • Status Letter Change of Correspondence Address 

• Extension of Time Request • ~ Other Enclosure(s) (please 
Terminal Disclaimer identify below): 

• Express Abandonment Request • Request for Refund 
Return Postcard 

• • 
Communication 

Information Disclosure Statement CD, Number of CD(s) 

• Certified Copy of Priority I Remarks I The Commissioner is authorized to charge any additional fees to Deposit 

Documenl (s) Account 20-1430. 

• Response to Missing Parts/ 
Incomplete Application 

• Response to Missing Parts 
under 37 CFR 1.52 or 1.53 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT 
Firm Townsend and Townsend and Crew LLP 
Of 
Individual name Gerald T. Gray Reg. No. 44,797 

Signature /JJ.U"j' ~ ./ 
Date October :U. , 2004' 

CERTIFICATE OF TRANSMISSIONIMAILING 

I hereby certify that this correspondence is being deposited with the United States Postal Service with sufficient postage as first class mail in an 
envelope addressed to: Commissioner fOf Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on the date shown below. 

Typed or printed name Sylvia E. Arnold 

Signature 
Date October .;l) , 2004 

60340193 v1 

"' 



Petitioner LG Ex-1004, 0106

UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATl!S Dl!PARTMltNT OF COMMERCE 
U oiled State, Paccoc and Trademark Offlc< 
A-: COMMISSIONER FOR PATI:Nni 

P.O.lloA 1450 
Akll.Mdri&. Virginie 22313-1-4.SO 
<wv-w.WJl40.p 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

203S0 7S90 I0'°6/2004 

TOWNSEND AND TOWNSEND AND CREW, LLP 
TWO EMBARCADERO CENTER 
EIGHTH FLOOR 
SAN FRANCISCO, CA 941 I 1-3834 

EXAMINER 

DA VIS, GEORGE B 

>JlT UNIT PAPER NUMBER 

2121 

DATE MAILED: 10/06/2004 

APPUCA TION NO. FIUNODATE FIRST NAMED INVENTOR ATTORNEY DOCK.ET NO. CONFIRMATION NO. 

09n92,436 021'23/2001 Patriclc Pirim 20046H-OOOIOO 9956 

TllLE OF INVENTION: MEnlOO ANO DEVICE FOR AUTOMATIC VISUAL PERCEPTION 

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBUCATION FEE TOTAL FEE(S)DUE DATE DUE 

nonprovisioiinl NO $1370 $300 $1670 01/06/2005 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION QNJH.E MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE 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 ~PPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

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

HOW TO REPLY TO THIS NOTICE: 

1. Review the SMALL ENTITY status shown above. 

lfthe SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY starus: 

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 Sb oo 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 TOTAL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check box Sa on Part B • Fee(s) 
Transmittal and pay the PUBLICATION FEE (ifrequired) and 1/2 
the ISSUE FEE shown above. 

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

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

IMPORTANT REMINDER: UtJUty pateots Issuing on applications filed on or after Dec. 12, 1980 inay require payineot or 
maintenance fees. II is patentee's responsibility to ensure timely payment of maintenance fees when due. 

Page I of 4 

PTOL-85 (Rev. 09/04) Approved for use Chroogh 04/30/2007. 



Petitioner LG Ex-1004, 0107

PART B- FEE(S} TRANSMITTAL 

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

orw 

Mall StoP. ISSUE FEE 
Commissioner for Patents 
P.O. B0.11450 
Alexandria, Virginia 22313-1450 
(703) 746-4000 

INSTRUCTIONS: This fonn should be used for 1ransmitting the ISSUE FEE and PUBLICATION FEE (if requiff:d). Blocks 1 through 5 should be completed where 
appropriate. All further com:;poodcmce includip.g the Paten~ a.dvaocc orden and notification of mainlCllancc fees will be mailed to the cum:at com:Sl)(llldcncc address u 
indicated unless conected below or directed othC!Wisc in Block l, by (a) specifyills a new correspondence address; and/or (b) indicating o seplllUte "FEE ADDRESS" for 
mainlCZlllllcc fee notilicatioos. 

C\JRR6Nl CORR~PONDriNC6ADDUSS(Note: \Jae Block I for&n) chan,•o!addml) 

203.lO 7390 IM>6/'2004 

Nole: A certificate of mailing can ooly be used for domestic mailiag.s of lbe 
fcc(s) Tr1111Slllittal. This catificate cam,ot be used for OIi)'. Olber a=panying 
papery;. Each additiOrlal papc,:, .such as an ~ipcnt or formal drawing, must 
have its own catificate of rru11lillg or lransm,ss1on. 

TOWNSEND AND TOWNSEND AND CREW, LLP 
TWO EMBARCADERO CENTER 
EIGHTH FLOOR 
SAN FRANCISCO, CA 941 11-3834 

Certif"icate ofMalUng or Transmission 
I hereby certifv that this Fcc(s) Traasmiual is being deposited wilh the United 
States Postal Service )'ith sullicicnl PQstal!e for 6.rit class mail ii! an env~lopc 
addressed to lhe Mail Sto~ ISSUE FEF address above, or bemfc tilcstm11e 
1ransmitkd to the USPTO (' 03) 746-4000, on lhe date indicated be ow. 

(Oepoli1ot'1 name) 

(Sipnlurf:) 

(Ollt<) 

APPLICATION NO. FTUNGDATE FfRSTNAMED INVENTOR I ATTORNEY DOCKET NO. I CONFIRMATION NO. 

09n92,436 02/23/2001 Patrick Pirim 20046H.000100 9956 

TOLE Of INVENTION: METHOD AND DEVICE FOR AUTOMATIC VISUAL PERCEPTION 

APPLN.1YPE SMALL ENTllY ISSUE FEE PUIIUCA TION FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisiooal NO $1370 

EXAMINER ARTUNTT 

DA VIS, GEORGE B 2121 

1. Cbaai;e of conespoodcnu address or indicntioo of "Fee AddJess" (3 7 
CFR 1.363). 

Cl Change of carreSl)Olldcncc address (or Change of Correspoocknce 
Address form PTO/SBl122) alUChocl 

Q 'Fee Addn:ss" indication (or "Fee Addn:s," lndicalion form 
PTO/SB/47; Rev03-02 ormorerecent)au.cbe<l. Use e>fa C.stomer 
Number b required. 

$300 

Cl.ASS-SUBCLASS 

706-020000 · 

2. for pritlting on the patent froat page. !i5l 
(I) lhc names of up to 3 r,,gistacd patent attorneys 
or agmts OR, altcrilat:iv,:ly, 
(2) lhe name of a single fiJm (lu!ving as a member a 
regisll:n:d ullol'Ocy or •cent) BIid lhe names of up to 
2 relPSICfCd patent attorneys or agmts. If no name is 
tiSted, no name will be pritltcd. 

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

$1670 01/06/lOOS 

2. ___________ _ 

3 ___________ _ 

PLEASE NOTE: Unless an ns<il:l)ce is idfflti6cd below, ao assi(:llee data will appc;ar oo lhe patem. If an assignee is idmtified below, lhe document bas been filed for 
re<:ordalion as set fol'11! in 37 CTR 3.1 1. Co,q,letioo of Ibis fonn is NOT a sub5lil'Ul.e for 6lillg an ussigmncnL 

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

Please check lhe appropriate assignee category or categories (will DOI be printed on lhe patent) : Q Individual Q Corporation or other privnte group entity Q Govemmcat 

4a. The following fee(s) are enclosed: 4b. Paymmt of f ee(s): 

• ·Juue Fc,, 0 A check in lhe wmuntofthe fc<(s) is enclosed. 

0 Publica.tioo fee (No small entity discount pennilled) Q Paymail by credit card. Form PT0-2038 is au.cbcd. 

0 Advaoce Order - # of Copies________ 0 Tbe Director is bcn:by aulhorized by charge lhe ~~ fc<(s), or credit any ovcrpaymcn~ ID 
Deposit Accoont Number (enclose au extra copy of chis fonn). 

5. Change lo Endly S1a1us (from status indicated above) 
0 a. Applicant claims SMALL ENTITY Sllltus. See 37 CFR 1.27. Cl b. Appticent is DO locger claiming SMALL ENTITY status. Sec 37 CFR l.27(g)(2). 

The Dir<ctor of lhe USPTO is r,,qucstcd to IIJlPIY lhe Issue Fee and Publication Fee (if any) or to r,,-apply any previously paid issue fee to lhc appliatioo identified above. 
NOTE: The Issue Fee and Publication Fce (irr,,quired) will DOI be acctpled from aEyone other thaa Qic appltcant; n r,,gistc:rcd allomcy or agmt; or lhe assigna; or olkr party in 
intenst .. shown by lhe records of lhe United State• Putent and Trsdcrnark Office. 

Authariztd Siptun: __________________ _ Date _______________ _ 

Typcdorprinlcd name _________________ _ kcgistratian No. ___________ _ 

This collection of infonoation is n,quir<d by 37 CTR 1.311. The information is l'CQUi,ed to obtain or retain a beacfit by the public which is to 61e (and by the USPTO to process) 
an application. Coofidc:nliality is scvcmcd by 35 U.S.C. 122 and 37 CFR l. 14. This collect:ioo is estimated lo take 12 minuccs to complccc, including galhcring, preparing, and 
submittins the completed &PP.licatton fonn to the USPTO. Time will vary dci,ending IIJ>Ol1 the individual case. Any commcats on lhe amount of time you regt!ire to comi>lete 
this form and/or suggestions for ~ this burdQi, should be sait to the Oticf lnfonnatioo Olliccr, U.S. Pntent and Trad=k Office, U.S. Department of Commcn:c, P.O. 
Box 1450, Alexandria, Virginia 22313-1~50. DO NOT SEND FEES OR COMPLETED FORMS TO Tl-llS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alc:xandria., Virgio.ia 223 l 3"-1450. 
Unda the Paperwork Rcductioo Act of 1995, DO pcrsons an: required to respond to a collcctioo of ioformatioa unless it displnys a valid 0MB coolrol nuni>cr. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FlLING DATI: Fll!STNAMED INVENTOR 

09n92,436 02/23/2001 

20JSO 7590 I0/06n004 

TOWNSEND AND TOWNSEND AND CREW, LLP 
TWO EMBARCADERO CENTER 
EIGHTH FLOOR 
SAN FRANCISCO, CA 94111-3834 

PatriclcPirim 

UNITl!D STATES Dl!PARTMl!NT OF COMMERCE 
Uola:cl Stalco Pat .. 1 md Trldomatk Olll<t 
Ad.hoo, COMMISSIONER FOR I' A TENTS 

PD. Bo1 ?4l0 
Aleundria. VirJi.ntl 2211:J.i..SO 
WWW.U'P'O·P° 

I A ITORl'IEY DOCK.ET NO. I CONFIRMATION NO. 

20046H--OOOIOO 9956 

EXAMINER 

DA VIS, GEORGE B 

ART UNIT PAPER NUMBER 

2121 

DATE MA!LED: 10/06/2004 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is 335 day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment wiU be 335 day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
detennines Patent Tenn Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAJR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (703) 305-1383. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283. 
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UNITED STATES PATENT AND TRADEMARK OFF1CE 

APPLICATIONN<). FILING DA 11: FlllST NAMED INVENTOR 

09n92,436 02/23/2001 

20)50 7590 I0/06/l004 

TOWNSEND AND TOWNSEND AND CREW, LLP 
TWO EMBARCADERO CENTER 
EIGHTH FLOOR 
SAN FRANCISCO, CA 94111-3834 

Patriclc Pitim 

UNITED l>'TATES DEPARTMENT OFCOMMltRCE 
Ualcrd Stam Patcal ud Tradc111&rk Ofllrc 
AddJa6: COMMISSIOl'IER FOll PA TENTS 

P.0.Bo.t.1O0 
A1-Mindlia., Virginia 22.111-1,uo 
WWW.Ut,plo,8')\' 

I AITORNEYOOCKETNO., CONFIRMATION NO. 

20046H-OOOI00 99:56 

EXAMINER 

DA VIS, GEORGE B 

All.TUNIT PAPER NUMBER 

2121 

DA TE MAU.ED: 10/06/2004 

Notice of Fee Increase on October 1, 2004 

If a reply to a "Notice of Allowance and Fee(s) Due" is filed in the Office on or after October 1, 2004, then the 
amount due will be higher than that set forth in the "Notice of Allowance and Fee(s) Due" because some fees will 
increase effective October 1, 2004. Se,e Reyjsjon Qf £mnt ~ fuI Eisw Yw ~; Einal R.l.lk, 69 Fed. Reg. 52604, 
52606 (May 10, 2004). 

The current fee schedule is accessible from WEB site (http://www.uspto.gov/main/howtofees.htm). 

If the fee paid is the amount shown on the "Notice of Allowance and Fee(s) Due" but not the correct amount in view 
of the fee increase, a "Notice of Pay Balance of Issue Fee" will be mailed to applicant. In order to avoid processing 
delays associated with mailing of a "Notice of Pay Balance oflssue Fee," if the response to the Notice of Allowance 
is to be filed on or after October I, 2004 (or mailed with a certificate 9fmailing on or after October I, 2004), the 
issue fee paid should be the fee that is required at the time the fee is paid. ~ Manual of~ Examjnin2 Procedure 
(MPEP), Section 1306 (Eighth Edition, Rev. 2, May 2004). If the issue fee was previously paid, and the response to 
the "Notice of Allowance and Fee(s) Due" includes a request to apply a previously-paid issue fee to the issue fee 
now due, then the difference between the issue fee amount at the time the response is filed and the previously-paid 
issue fee should be paid. ~ MPEP Section 1308.01. 

Effective October I, 2004, 37 CFR 1.18 is amended by revising paragraphs (a) through (c) to read as set forth below. 

Section 1.18 Patent post allowance (including issue) fees. 

(a) Issue fee for issuing each original or reissue patent, 
except a design or plant patent: . 

By a small entity (Sec. l .27(a)) ...................... $685.00 
By other than a small entity ......................... $1,370.00 

(b) Issue fee for issuing a design patent: 
By a small entity (Sec. l.27(a)) ...................... $245.00 
By other than a small entity ............................ $490.00 

(c) Issue fee for issuing a plant patent: 
By a small entity (Sec. l.27(a)) ...................... $330.00 
By other than a small entity ............................ $660.00 

Questions relating to issue and publication fee payments should be directed to the Customer Service Center of the 
Office of Patent Publication at (703) 305-8283. 
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Notice of Allowability 

Application No. 

09/792.436 
Examiner 

George Davis 

Applicant(s) 

PIRIM, PATRICK 
Art Unit 

2121 

- 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 ottier 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. [8J This communication is responsive to 8130/2004. 

2. [8J The allowed claim(s) ls/are 1-29. 

3. D The drawings filed on __ are accepted by the Examiner. 

4. [8J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) D All b) D Some• c) 181 None of the: 

1. 181 Certified copies of the priority documents have been received. 

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

3. D 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 ttiis 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 (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

6. [8J CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

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

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

(b) [81 including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
· Paper No./Mail Date 3/26/2004. 

Identifying indicla 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. [8J 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. D Notice of References Cited (PTO-892) 5. D Notice of Informal Patent Application (PTO-152) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 6. D Interview Summary (PT0-413). 

3.181 Information Disclosure Statements (PTO-1449 or PTO/SB/08), 
Paper No./Mail Date __ . 

7. D Examiner's Amendment/Comment 
Paper No./Mail Date 6/22/2004 

4. D Examiner's Comment Regarding Requirement for Deposit • 8. D Examiner's Statement of Reasons for Allowance 

of Biological Material 9. D Other __ . C:::::::- . ~~ 
George Davis 
Primary Examiner 
Art Unit: 2121 

U.S. Patent and Trademarlt Office 
PTOL-37 (Rev. 1·04) Notice of Allowability Part of Paper No./Mall Date 30092004 
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PTO/SBIOBA (06-03) 

le for form 1448AIPTO 

ORMATION DISCLOSURE 
STATEMENT BY APPLICANT 

(Use as many sheets as necessary) 

Sheet 1 of 1 

-Nu-

Complete If Known . 

Appkallon Number 09/792,436 

F01n90ate February 23, 2001 

Fnt Named Inventor Plrim, Patrick 
All Unit 2121 
Examiner Name Davis, G e8. 
Attorney Doc:ket Number 20046H-000100US 

U.S. PATENT DOCUMENTS 
Publcallon Date Name ol Paientee or ,11981¢ Caf WI I.tr• ,,,_,, 
MM-~YYYY ~t of Otall OoaJmont 

i;.,,,,,.., cue 
NO.' 

P..,IDIDI Ba•ratM CK Belao,\l 

C \as<;.. - ,, UA l,,,. In~, -KlnllCode1 .,_, 

/..\.Y 
r~,v 

Examine, 
Initial&' 

Examiner 
Signature 

1 
2 

Cite 
No.' 

US-5,008,946 04-16-1991 Ando ·_-1,x 2.. / ,, ou 
US-5,625,717 04-29-1997 Hashimoto et al. -~x? / ~f,o 

____ ,,.. ,r-n 
nt .\..1L..I V ._._, 

.JUN ?. K /UU4 
1. . ·-t..--t-.... f',_n+"'• 'l1 nn 

--••••-•-'WI -- ··- - • 

FOREIGN PATENT DOCUMENTS 
Foreign Pa!Mt Document 

Name of Patentee « 
Pages, Columns. Lines. 
What& Rellmnl 

rn.._~• -· -eoo.•,,-, 
Pllblicallan Date 
MM-0D·YYYY 

Date 
Considered 

Applicant of Cited Pass.gas or Relewnt 
Document fiaures AnnA•r T" 

--... 
-... 
u 
u 
u 

'EXAMINER: lniUal if reference considered, !her or nQI dtaUon Is In confomtarn:e with MPEP 609. Draw line tlvough dtaUon If I In conformance and not 
considered. lndude mpy of !his farm wtth neirt communleeUon to epPlicanl ' Applicent'a unique dtaUon designation number (optlonal). 1 See Klnd Coclas or 
USPTO Patent DOC1Jments at WWW uspto ADY or MPEP 901.04. 1 Enter Oflic:4 that lssuod the dOQJJ!len~ by Iha two-latler code (WIPO Standard ST.3). • For 
Japanese patent documents, the lndlc;alian of Iha )Illar Of 1he reign of the Emp&IOI' must prececla Ille serial number or I.he patent GoaJmenL I Kind or Goo.,mant 
by the appropitate S)fflbol& as indicaleel on Ille dOcument under WIPO Standard ST. 16 ii po&aible. • Applicant Is to pleC8 a c:lled< mull< here If Engllst, 
language Tran51allon Is 8118Chod. 
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' ' UNITED ~-'.TES PATENT AND ThADEMARK OmcE 

I fflll lfl IU[II ~omummHIIIIIDD Im 
Bib oa1a .Sheet 

. FILING DATE 
SERIAL NUMBER 02/23/2001 CLASS 

09fl92,436 
RULE 

706 

APPLICANTS 
Patrick Pinm, Paris, FRAN~; ~ 

-,~ ,'\'()1\ 
•• CONTINUING DATA ................ u•••••• 

• FOREIGN APPLICATIONS •• k.:.1. ......... 
FRANCE 00 02355 02/24/2000 

IF REQUIRED, FOREIGN FILING LICENSE GRANTED 
- 03/23/2001 

oralgn PIIOlity delmed !:B{yes • no 

35 use 119 (a-d) conditions • yes ~o D Mel after 
STATE OR 

met COUNTRY 
Verfflad and AJ~~ ,:p FRANCE 
IA.-J<nowtedaed Examiner's 'lriiiiature lniHal& 

ADDRESS 
120350 

tflTLE 

Method and device for automatic visual perception 

FILING FEE 

.Page 1 of 1 · 

C0MMl$S10Ne/l roR PAn:Nnl 
UNITl!:0 STt.TU PATfMI' AN0 l)w)[Mt.RK OFPICt 

Wl.8HINC101<, 0.C. 20231 
www.uspto.go, 

CONFIRMATION NO. 9956 

ATTORNEY GROUP ART UNIT DOCKET NO. 
2121 20046H-000100 

SHEETS TOTAL INDEPENDENl 
DRAWING CLAIMS CLAIMS 

31 28 6 

1• All Fees I 
1• 1.16 Fees~ Filing) I 
• 1. 1;7 Fees ( Processing Ext. of IFEES: Authority has been given in Paper 

RECEIVED No. to charge/credit DEPOSIT ACCOUNT time) 
No. for following: · 1266 ID 1.18 Fees ( Issue) I 

1• Other I 
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· Index of Claims 
Application No. Appllcant(s) 

11111 11 11111 1111 II I 
09/792,436 PIRIM, PATRICK 
Examiner Art Unit 

George Davis 2121 

.J Rejected - (Through numeral) 
Cancelled N Non-Elected A Appeal 

= Allowed + Restricted I Interference 0 Objected 

"' Claim• . .... o Date Claim Date Claim Date 

~ ~-- co 1ij 
1ij (I/' co C: co C: 
C: ~ ' 

C: ·a C: ·a 
u: ii: ·c il: ·c 

0 t---~ 0 0 

1 1 = 51 101 
2 2 = 52 102 
3 3 = 53 103 
4 4 = 54 104 
5 5 = 55 105 
6 6 = 56 106 
7 7 = 57 107 
8 8 = 58 108 
9 9 = 59 109 
10 10 = 60 110 
11 11 = 61 111 
12 12 = 62 112 
13 13 = 63 113 
14 14 = 64 114 
15 15 = 65 115 
16 16 = 66 116 
18 17 = 67 117 
19 18 = 68 118 
20 19 = 69 119 
21 20 = 70 120 
22 21 = 71 121 
23 22 = 72 122 
24 23 = 73 123 
25 24 = 74 124 
26 25 = 75 125 
27 26 = 76 126 
28 27 = 77 127 
29 28 = 78 128 
17 29 = 79 129 

30 80 130 
31 81 131 
32 82 132 
33 83 133 
34 84 134 
35 85 135 
36 86 136 
37 87 137 
38 88 138 
39 89 139 
40 90 140 
41 91 141 
42 92 142 
43 93 143 
44 94 144 
45 95 145 
46 96 146 
47 97 147 
48 98 148 
49 99 149 
50 100 150 

U.S. Patent and Trademar11 Office Part of Paper No. 30092004 
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Application No. Appllcant(s) 

Issue Classification 
09/792,436 PIRIM, PATRICK 

111111111 11 I I II 
Examiner Art Unit 

George Davis 2121 

ISSUE CLASSIFICATION 
ORIGINAL CROSS REFERENCE($) 

CLASS I SUBCLASS CLASS SUBCLASS {ONE SUBCLASS PER BLOCK) 

706 I 20 702 78 
INTERNATIONAL CLASSIFICATION 382 133 

G 0 6 F 15/18 
G 0 1 R 23/10 
G 0 6 K 9/00 

I 

I 

c::=:i:) ~ Total Claims Allowed: 29 

(Assistant Examiner) IDatel 
George Davis / O.G. 0.G .. 

(Primary Examiner) er } (~ I~ O '1 Print Claim(s) Print Fig. 

(Legal Instruments Examiner) (Date) 
1 4 

0 Claims renumbered in the same order as presented by applicant • CPA 0T.D. n R.1.41 

7ii 
7ii 

7ii 
7ii 

7ii 
7ii 

7ii 
7ii 

7ii 
7ii 

7ii 
7ii 

7ii 
7ii 

C C C C C C C: . 
C: ·5i C ·5i C: ·5i C ·5i C: ·a, C ·a, C: ·5, 

u:: 8 u:: 8 u:: ·c i.i: ·c: u::: ·c u::: ·.:: u:: ·c 
0 0 0 0 0 

1 1 31 61 91 121 151 181 
2 2 32 62 92 122 152 182 
3 3 33 63 93 123 153 183 
4 4 34 64 94. 124 154 184 
5 5 35 65 95 125 155 185 
6 6 36 66 96 126 156 186 
7 7 37 67 97 127 157 187 
8 8 38 68 98 128 158 188 
9 9 39 69 99 129 159 189 
10 10 40 70 100 130 160 190 
11 11 41 71 101 131 161 191 
12 12 42 72 102 132 162 192 
13 13 43 73 103 133 163 193 
14 14 44 74 104 134 164 194 
15 15 45 75 105 135 165 195 
16 16 46 76 106 136 166 196 
18 17 47 77 107 137 167 197 
19 18 48 78 108 138 168 198 
20 19 49 79 109 139 169 199 
21 20 50 80 110 140 170 200 
22 21 51 81 111 141 171 201 
23 22 52 82 112 142 172 202 
24 23 53 83 113 143 173 203 
25 24 54 84 114 144 174 204 
26 25 55 85 115 145 175 205 
27 26 56 86 116 146 176 206 
28 27 57 87 117 147 177 207 
29 28 58 88 118 148 178 208 
17 29 59 89 119 149 179 209 

30 60 90 120 150 180 210 
U.S. Patent and Trademark Office Part of Paper No. 30092004 
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Search Notes Application No. Applicant(s) 

11111 11 II 11 I I 11 111 
09/792,436 PIRIM, PATRICK 
Examiner Art Unit 

Georoe Davis 2121 

SEARCHED 
SEARCH NOTES 

(INCLUDING SEARCH STRATEGY) 

Class Subclass Date Examiner DATE EXMR 

706 20 9130/2004 GD 
IEEE, EAST 9/30/2004 GD 

702 78 9/30/2004 GD 

382 133 9/30/2004 GD 

INTERFERENCE SEARCHED 

Class Subclass Date Examiner 

706 20 9/30/2004 GD 

U.S. Patent and Trademark Office Part of Paper No. 30092004 
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BREVET D'INVENTION 

CERTIFICAT D'UTILITE - CERTIFICAT D'ADDITION 

COPIE OFFICIELLE 

Le Directeur general de l'lnstitut national de la propriete 
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L' invention concerne un precede et un dispositif de perception 

automatique. Le dispositif comporte une unite de calcul d'histogramme, de 

preference auto-adaptative eventuellement avec anticipation et 

apprentissage. lls sent plus particulierement destines a la perception et au 

5 traitement d'images. 

On connait des precedes et des dispositifs de traitement d' images 

permettant, en temps reel, de reconnaitre, de localiser eUou d' extra ire des 

objets correspondants a certains criteres de leur contexte. 

Les criteres de selections peuvent etre extremement varies. II peut 

10 s'agir d'une vitesse, d'une forme, d'une couleur ... au d'une combinaison de 

ces criteres. 

Ces precedes et dispositifs peuvent etre utilises pour faciliter 

I' apprehension d' une scene au d' un phenomene par un observateur ou pour 

commander un automatisme a partir des informations ainsi extraites. 

15 De tels precedes et dispositifs sont par exemple decrits dans les 

publications suivantes FR-2.611.063 et WO-98/05002. 

Certains de ces precedes et dispositifs mettent en ceuvre une unite de 

traitement spatial et temporel qui, recevant un signal S(PI) de type video, 

produit un certains nombre de parametres pour chaque pixel. II s' agit par 

20 exemple de la vitesse V, de la direction DL, d'une constante de temps CO, et 

d'un parametre binaire de validation VL en plus du signal video retards VR et 

des differents signaux de synchronisation de trame, de ligne et de pixel 

regroup es sous la denomination F. 

Dans de tels dispositifs, on a deja souligne l'interet de constituer des 

25 histogrammes de ces parametres permettant la constitution la manipulation et 

I' exploitation d' informations statistiques. 

Le but de ces precedes et de ces dispositifs de traitement d'images est 

de fournir en sortie un signal S' (t) qui porte pour chaque pixel une information 

significative du resultat de I' application de criteres de reconnaissance ou de 

30 selection. Ces criteres sont predefinis OU elabores par les precedes et 

dispositifs de traitements d'images eux memes. 

On connait en particulier un tel precede et un tel dispositif decrit dans 

la demande de brevet WO-98/05002, deja citee qui est ,incorporee ici par 

reference. 
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Le but de I' invention est de proposer un precede et un dispositif de 

perception automatique rapide et efficace et d'ameliorer pour un tel dispositif 

les unites de constitution d'histogrammes en assurant des fonctions d'auto­

adaptation et, dans des modes de realisation preferes d' anticipation et 

5 d'apprentissage. 

La presente invention concerne a cet effet un dispositif de perception 

automatique d'un evenement intervenant dans un espace par rapport a au 

mains un parametre. 

Se Ion I' invention, ce dispositif comporte une unite de controle, un bus 

10 de donnees, un bus de retroannotation et au mains une unite de calcul 

d'histogramme pour le traitement du parametre. 

La presente invention concerne egalement les caracteristiques qui 

ressortiront au cours de la description qui va suivre et qui devront etre 

considerees isolement au selon toutes leurs combinaisons techniques 

15 possibles : 

- le dispositif comporte, pour traiter plusieurs parametres, plusieurs 

unites de cal cul d' histogramme organisees en matrice ; 

- les unites de cal cul d' histogramme traitent des donnees aij1 associees 

a des pixels formant ensemble un espace multidimensionnel evoluant dans le 

20 temps et represents a une succession de moments, les donnees parvenant a 
l'unite de calcul sous la forme d'un signal DATA(A) numerique sous forme 

d'une suite aijt de nombre binaire de n bits associe a des signaux de 

synchronisation permettant de definir le moment donne de l'espace et la 

position du pixel dans cet espace, auquel le signal a;it re9u a un instant donne 

25 est associe, comprenant : 

- une memo ire d' analyse comportant une memo ire avec des 

adresses, chacune associee a des valeurs possibles des nombres de n 

bits du signal DATA(A) et dont l'ecriture est controlee par un signal 

II WRITE", 

30 - un classifieur comportant une memoire destinee a recevoir un 

critere C de selection du parametre DATA(A), recevant le signal DATA(A) 

en entree et fournissant, en sortie, un signal binaire de classification dont 

la valeur depend du resultat de la comparaison du signal DATA(A) avec le 

critere C de selection, 
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- une unite de retroannotation recevant le signal de sortie du 

classifieur et, de l'exterieur de l'unite de calcul de l'histogramme, des 

signaux binaires de classification individuels concernant des parametres 

autres que DATA(A), ladite unite de retroannotation fournissant en sortie 

5 un signal de validation global positif lorsque I' ensemble des sign aux de 

retroannotation individuals sent positifs, 

- une unite de test, 

- une unite de sortie d' analyse, 

- un multiplexeur d'adresses, 

1 0 - une unite de validation d' incrementation, 

le compteur de chaque adresse de la memoire correspondant a la 

valeur d de aijt a un instant donne, etant incrementee d'une unite lorsque 

!'unite de retroannotation fournit en sortie un signal de validation global 

positif, 

15 l'unite de calcul et de memorisation de donnees statistiques exploitant 

a la fin de la reception des donnees aiit correspond ant a I' es pace a un 

moment le contenu de la memoire pour mettre a jour l'unite de sortie 

d'analyse, 

la memoire etant effacee avant le debut de chaque trame pour un 

20 espace a un moment par un signal d'initialisation" INIT ", 
et en outre: 

- la memoire du classifieur est une memoire adressable permettant 

la mise a jour en temps reel du critere de selection et ayant une entree de 

donnees DATA IN, une commande d'adresse ADRESS et une commande 

25 d' ecriture WR, recevant sur son entree la sortie de la memoire d' analyse 

et un signal END sur sa commande d'ecriture, 

- les unites de traitement d'histogramme comportent, de plus, un 

multiplexeur d' entree de donnees ayant deux entrees et une sortie, 

recevant sur l'une de ses entrees un signal de comptage COUNTER et, 

30 sur I' autre de ses entrees, la suite de donnees aiit et fournissant en sortie 

la suite de donnees aiit a la commande d'adresse de la memoire du 

classifieur et un operateur OU commandant le multiplexeur d' adresse et 

recevant sur ses entrees un signal d'initialisation INIT et le signal de fin 

END; 
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- l'espace est a deux dimensions et le signal DATA(A) est associe 

aux pixels d'une succession d'images; 

- les unites de traitements d'histogramme comportent des moyens 

d' anticipation de la valeur du critere de selection ; 

5 - les moyens d'anticipation de la valeur du critere de selection 

comportent des memoires destinees a contenir les valeurs de parametres 

statistiques relatives a deux trames successives ; 

- les parametres statistiques sont les valeurs moyennes des donnees 

aiit validees ; 

10 - le registre de sortie d'analyse des unites de calcul d'histogramme 

constitue et garde en memoire l'une au mains des valeurs suivantes : la 

valeur minimum " MIN ", la valeur maximum " MAX ", le nombre maximum de 

pixels pour lesquels le signal Vijr a une valeur particuliere " RMAX ", la valeur 

particuliere correspondante POSRMAX, le nombre total de pixels valides 

15 " NBPTS" ; 

- le parametre statistique de comparaison utilise par le classifieur est 

RMAX/2; 
- elle comporte un multiplexeur commands, pouvant recevoir en entree 

plusieurs parametres statistiques et la nature de la comparaison faite par le 

20 classifieur depend de la commande de ce multiplexeur ; 

- certaines unites de calcul d'histogramme, au mains, comportent un 

multiplexeur d'apprentissage destine a recevoir un signal de commande 

exterieur et produisant un fonctionnement selon un mode d' apprentissage 

dans lequel les registres du classifieur et de l'unite de retroannotation sent 

25 effaces au debut de l'exploitation d'une trame et que le registre de sortie 

d' analyse fournit des valeurs caracteristiques de la sequence pour chacun de 

ces registres ; 

- dans certaines unites de calcul d'histogramme, au mains, la memoire 

du classifieur est constituee d'un ensemble de registres independants 

30 comportant chacun une entree, une sortie et une commande d' ecriture, le 

nombre de ces registres etant egal au nombre n de bits des nombres de la 

suite Viit, et elle comporte un decodeur permettant de sortir un signal de 

commande d'ecriture correspondant a la valeur d'entree (adresse) associee 

et un multiplexeur commande par cette valeur d'entree, permettant de lire le 

35 registre choisi ; 
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- certaines unites de calcul d'histogramme au mains, comportent des 

multiplexeurs, un d' entre eux etant associe a I' entree de chaque registre et 

des modules combinatoires reliant entre eux les registres, les multiplexeurs 

permettant le choix entre I' ecriture sequentielle et une ecriture commune a 
5 taus les registres lies entre eux par les modules combinatoires ; 

- dans certaines unites de calcul d'histogramme au mains, tes modules 

combinatoires comportent un operateur morphologique de dilatation 

comportant une unite logique " OU " a trois entrees dent la premiere re,;oit le 

signal de sortie du registre de rang II Q n' la deuxieme est reliee a la sortie 

1 O d'une unite logique " ET" a deux entrees recevant respectivement le signal 

de sortie du registre de rang " Q+1 " et un signal de dilatation positive, la 

troisieme est reliee a la sortie d' une unite logique " ET " a deux entrees 

recevant respectivement le signal de sortie du registre de rang II Q-1 " et un 

signal de dilatation negative ; 

15 - dans certaines unites de calcul d'histogramme au mains, les modules 

combinatoires com portent un operateur morphologique d' erosion comportant 

une unite logique " ET" a trois entrees dent la premiere rec;oit le signal de 

sortie du registre de rang " Q " , la deuxieme est reliee a la sortie d' une unite 

logique" ET" dent une inversee a quatre entrees recevant respectivement le 

20 signal de sortie du registre de rang " Q ", le signal de sortie du registre de 

rang II Q-1 " , le signal de sortie du registre de rang " Q+1 " et un signal 

d'erosion positive, la troisieme est reliee a la sortie d'une unite logique 

" ET " a quatre entrees dent une inversee recevant respectivement le signal 

de sortie du registre de rang" Q ", le signal de sortie du registre de rang II Q-

25 1 ", le signal de sortie du registre de rang " 0+1 " et un signal d' erosion 

negative; 

- dans certaines unites de calcul d'histogramme au mains, chaque 

module combinatoire comporte un multiplexeur associant un operateur 

morphologique d'erosion et un operateur morphologique d'erosion; 

30 L'invention concerne un precede de perception automatique d'un 

evenement intervenant dans un espace par rapport a au mains un parametre 

consistant a le digitaliser et a le fournir en entree a une unite de calcul 

d'histogramme pour former un histogramme representatif du parametre et en 

deduire le resultat desire. 
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L'invention concerne egalement un precede d'analyse d'un parametre 

representatif d'un evenement dans un dispositif electronique comprenant un 

calcul d'histogramme sur des donnees aiil associees a des pixels formant 

ensemble un espace multidimensionnel evoluant dans le temps et represente 

5 a une succession de moments, les donnees parvenant a l'unite de calcul sous 

la forme d'un signal DATA(A) numerique sous forme d'une suite aii, de 

nombre binaire de n bits associe a des signaux de synchronisation permettant 

de definir le moment donne de I' espace et la position du pixel dans cet 

espace, auquel le signal aij1 rec;u a un instant donne est associe dans lequel 

1 O - on associe a chaque donnee aiil un signal binaire de classification 

dent la valeur depend du resultat de la comparaison du signal DATA(A) 

avec le critere C de selection, 

- on constitue une repartition statistique des donnees aii, pour un 

moment donne pour lesquelles un signal de validation global est positif, 

15 I edit signal de validation global etant constitue d' un ensemble de signaux 

de retroannotation individuels chacun correspondant a un parametre 

DATA(A}, DATA(B), ... DATA(E), resultant de la comparaison entre un 

critere de retroannotation R et de son signal de classification et etant 

positif. 

20 L' invention sera decrite plus en detail en reference aux dessins 

annexes dans lesquels : 

- la figure 1 est une representation de l'unite de calcul d'histogramme 

selon I' invention, dans son contexte ; 

- la figure 2 est une representation du signal video d' entree, traits par 

25 le dispositif et le precede de I' invention et des signaux de commande gene res 

par un sequenceur ; 

- la figure 3 est un diagramme representant une unite passive de calcul 

d'histogramme ; 

- la figure 4 est un diagramme representant une unite de calcul 

30 d'histogramme autoadaptative selon !'invention avec les fonctionnalites 

d' anticipation et d' apprentissage ; 

- la figure 5 est un diagramme representant des signaux exploites par 

!'unite de calcul de la figure 4; 

- la figure 6 est l'organigramme du logiciel de commande de l'unite de 

35 calcul de la figure 4 en mode maitre ; 
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- la figure 7 est l'organigramme du logiciel de commande de !'unite de 

calcul de la figure 4 en mode esclave ; 

- la figure 8 est I' organigramme du logiciel d' insertion de la zone de 

courbe; 

5 - la figure 9 est l'organigramme du logiciel d'initialisation (generation 

de la commande « INIT »); 

- la figure 10 est I' organigramme du logiciel de calcul de statistiques 

(utilisation de la commande « WRITE ») ; 

- la figure 11 est l'organigramme de fin de traitement (utilisation de la 

1 0 corn man de « END >>) ; 

- la figure 12 est une representation des elements essentials de l'unite 

de cal cul d'histogramme ayant une fonctionnalite d' autoadaptation ; 

- la figure 13 est une representation d'un calculateur de validation 

ayant plusieurs fonctionnalites d' autoadaptation ; 

15 - la figure 14 est une representation des elements d'une unite de calcul 

d'histogramme produisant des valeurs POSMOY; 
- la figure 15 est un schema representant les elements essentials de 

I' unite d'histogramme autoadaptative avec anticipation selon une premiere 

methode; 

20 - la figure 15a est une representation analogue a la figure 15 mettant 

en ceuvre une premiere methode d' anticipation generalisee ; 

- la figure 16 est un schema de la memoire du classifieur ; 

- la figure 17 est un schema representant les elements essentiels de 

l'unite d'histogramme autoadaptative avec anticipation selon une deuxieme 

25 methode; 

- la figure 18 est une representation detaillee de la memoire du 

classifieur avec un automate de calcul elementaire par bit ; 

- la figure 19 est une representation d'un automate elementaire de 

calcul de I' anticipation; 

30 - la figure 20 est une representation schematique de I' anticipation ; 

- la figure 21 est l'organigramme du logiciel de mise en ceuvre de 

I' anticipation ; 

- la figure 22 est une representation de I' unite de retroannotation ; 

- la figure 23 est une representation synoptique d'une unite 

35 reprogrammable logique (FPGA) utilisee comme unite de retroannotation; 



Petitioner LG Ex-1004, 0130

8 

- la figure 24 est la representation par registre, limitee a une rangee du 

circuit, de la figure 23 ; 

- la figure 25 est une representation des elements essentiels d'une 

unite de calcul d'histogramme permettant I' apprentissage; 

5 - les figures 26 et 27 sent des representations schematiques d'un choix 

d'axe particulier; 

- la figure 28 est une representation schematique du dispositif de 

visualisation statistique ; 

- la figure 29 est un exemple du resultat de la visualisation produite par 

1 0 le dispositif de la figure 28 ; 

- la figure 30 est la representation de la mise en c:euvre d'une pluralite 

d'unites de calcul d'histogramme; 

- la figure 31 est la representation de !'utilisation d'une unite de calcul 

d' histogram me unique programmable avec un multiplexeur permettant son 

15 exploitation pour une pluralite de parametres; 

- la figure 32 represente un ensemble d'unites de calcul d'histogramme 

a controle d'entree programmable dans leur contexte d'utilisation constituant 

une unite fonctionnelle ; 

- la figure 33 est une representation synthetique d' une unite 

20 fonctionnelle avec le generateur de signal associe ; 

- la figure 34 correspond a la figure 32 dans le cas d'une acquisition a 
deux sources ; 

- la figure 35 correspond a la figure 33 dans le cas d' une acquisition 

binoculaire ; 

25 - la figure 36 schematise un generateur de signal equipe d'une optique 

commandee; 

- la figure 37 presente le cas d'une acquisition a trois sources ; 

- la figure 38 est une representation de I' interface de gestion de 

I' application (API) ; 

30 - la figure 39 represente un dispositif de traitement d' un signal sonore 

selon I' invention ; 

- la figure 40 est une representation simplifiee d' un dispositif selon 

I' invention. 

L' invention peut etre I' obj et de realisations nombreuses. Les 

35 informations exploitees peuvent etre de natures variees et representer des 
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donnees ou parametres multiples. Toutefois, sa premiere application est le 

traitement d' images, celles-ci constituant I' es pace considers. II est bien 

entendu, alors, a deux dimensions. La description detaillee qui suit 

correspond a ce mode de realisation particulier. 

5 L'unite de calcul d'histogramme 1 de I' invention est representee dans 

son contexte par les figures 1 et 2. 

Cette unite de calcul d'histogramme 1 fait partie d'une unite de 

perception visuelle 13 qui rec;oit et exploite un signal S(t) ou S(PI). L'unite de 

calcul d'histogramme exploite et genere une information dite retroannotation 

1 O S' (t) sur un bus 111. Plus precisement, la figure 1 represente plusieurs unites 

de calcul d'histogramme 1A, 18, ... , 1 E associees dans une meme unite de 

perception visuelle. 

Dans un mode de realisation, I' unite de perception visuelle 13 traite 

differents signaux concernant une ou des scenes vi sue lies. Dans d' autres 

15 modes de realisation, !'unite de perception 13 traite d'autres parametres de 

perception, par exemple des sons, des odeurs... La description qui suit 

concerne principalement la perception visuelle, I' adaptation a d' autres 

parametres est possible. 

Un sequenceur 9 genere, a partir de signaux de synchronisation ST, 

20 SL, CLOCK, des signaux de sequence INIT, WRITE et COUNTER qui 

commandent les unites de cal cul d' histogramme. 

Tels que representes sur la figure 1, les signaux d'entree du 

sequenceur 9 (SL, ST, CLOCK) peuvent provenir d'un ensemble generateur 

de signaux 2 comportant une camera 22 ou d'un ensemble generateur de 

25 signaux 3 comportant un imageur CMOS 32. 

Lorsque les sign aux d' entree proviennent d' un ensemble 2 comportant 

une camera, cet ensemble impose des signaux de synchronisation de trames 

et de lignes de telle sorte que l'unite de calcul d'histogramme et son 

sequenceur 9 fonctionnent en mode esclave ou - synchronisation esclave -. 

30 Au contraire, dans le cas ou ces signaux proviennent d'un ensemble 3 

comportant un imageur CMOS, le sequenceur 9 fonctionne en mode maitre et 

genera lui-meme les signaux de synchronisation. 

Plus precisement, !'ensemble 2 permet !'acquisition de donnees 

provenant d'une scene 21 par une camera 22. La camera 22 produit un signal 
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S(PI) dont la forme, du type de celle representee sur la figure 2, sera decrite 

en detail plus loin. 

L'unite electronique de commande 23 de la camera 22 fournit alors les 

signaux S(t) resultant de !'extraction des signaux de synchronisation de S(PI), 

5 ST, SL et le signal d'horloge CLOCK issu d'une boucle a verrouillage de 

phase, qui sont utilises par l'unite de calcul d'histogramme. 

Dans le cas d' un ensemble 3 comportant un imageur CMOS, cet 

imageur 32 est utilise pour I' acquisition de donnees de la scene 31, ii fournit 

S(t) et est pilots par une unite de synchronisation 33 qui produit les signaux 

1 O de synchronisation de trames ST et de synchronisation de lignes SL, ainsi 

que le signal d'horloge CLOCK utilise aussi bien par l'imageur CMOS 32 que 

par tes autres elements de I' unite de perception visuelle 13. 

Les unites de calcul d'histogramme 1 sont avantageusement 

coordonnees a une unite de traitement spatial 6 et temporel 5 qui a ete 

15 decrite dans la demande de brevet WO-98/05002, et a une ligne a retard 7. 

L'unite de traitement spatial et temporel 5, 6 correspond au dispositif 

reference 11 dans la demande de brevet citee. II rei;oit le signal S(PI) et 

gene re d.es para metres V (vitesse ), DI ( direction) correspondant chacun a 
l'une des donnees identifiees par DATA(A) ... DATA(E) dans la presente 

20 demande. 

Ces parametres peuvent aussi etre la resolution spatiale, la structure 

de I' image (variation du contraste multi-echelle en coordonnees polaires ... ), 

tels qu' ils resultant d' une analyse par ondelettes de Gabor et decrits dans 

I' article de Daugman, 1988, Complete Discrete 2D Gabor Transform ... , IEEE 

25 Trans. Acoust. Speech Signal Process, 36 :1169-1179. 

Cet ensemble, constitue par une unite de calcul d'histogramme 1, 

l'unite de traitement spatial et temporel 5, 6 et la ligne a retard 7, fournit soit 

des informations, generalement sous forme numerique, dites - de 

retroannotation - exptoitables par un dispositif avat, soit un signal permettant 

30 ta visualisation des informations sur un ecran 8 par I' intermediaire du bus 

111. 

Une unite de calcut d'histogramme passive (non autoadaptative) et 

sans anticipation est representee sur la figure 3. 

Cette unite de calcul d'histogramme est destinee a traiter les valeurs 

35 d'un parametre A qui sent affectees a chaque pixel dans un signal 
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S(t) = {aiiT} de type video 

Plus precisement, on appelle - signal S de type video - un signal qui 

est compose d'une succession de trames, chaque trame consistant en une 

succession de pixels dont I' ensemble forme un espace, par exemple une 

5 image pour un espace a deux dimensions. Dans ce cas, les trames sont elles­

memes decomposees en lignes et colonnes. Ce signal S(t) porte une valeur 

aii du parametre A pour chacun des pixels (i,j). La succession des trames 

represente done la succession d'images dans le temps. Dans la notation {aiiT}, 

T represente la trame, i est le numero d'une ligne dans la trame T, j est le 

1 O numero de la colonne du pixel dans cette ligne, a est la valeur du parametre A 

associee au pixel ijT. 

Le signal S peut etre un signal analogique. Toutefois, ii est de 

preference numerique et compose, tel que represente sur la figure 2 d'une 

succession de trames T1 et T2, chacune etant formee d'une succession de 

15 lignes horizontales balayees tell es que 11.1, '1.2, ... , 11.11 pour T1 et li.1 ... pour T 2. 

Chaque ligne consiste en une succession de pixels ou de points-images Pl. 

S(PI) comprend un signal (ST) de synchronisation de trames au debut 

de chaque trame, un signal (SL) de synchronisation de lignes au debut de 

chaque ligne qui n'est pas egalement un debut de trame. Ainsi, S(PI) 

20 comprend une succession de trames qui represente le domaine temporel et, a 
l'interieur de chaque trame, une serie de lignes et de pixels en colonnes qui 

sont representatifs du domaine spatial. 

Dans le domaine temporel, " des trames successives " designent des 

trames se succedant dans le temps et " des pixels successifs a la meme 

25 position " designent les valeurs successives aij associees respectivement aux 

pixels (i, j) places au meme endroit dans les trames successives, c' est-a-dire 

par exemple (1, 1) de 11.1 dans la trame T1 et (1, 1) de '2.1 dans la trame 

suivante correspondante T2 ... 

A partir du S(PI), tel qu'indique plus haut par reference a la demande 

30 PCT/FR-97/01354, !'unite de traitement spatial 6 et temporel 5 genere un ou 

plusieurs signaux DATA(A) ... DATA(E). 

L'unite de calcul d'histogramme passive et sans anticipation, telle que 

representee sur la figure 3, exploite un signal DATA(A) dent la structure est 

representee sur la figure 2. Ce signal peut provenir soit directement d'une 

35 camera au d'un systeme quelconque d'acquisition d'images, ou avoir 
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prealablement subi un premier traitement, par exemple un traitement spatial 

eVou temporel. 

Elle genere un signal 101 s de meme structure qui porte pour chaque 

pixel une information significative du resultat de I' application des criteres de 

5 reconnaissance ou de selection. 

Tel que represente sur la figure 3, l'unite de calcul d' histogramme 1 

comporte une memoire d' analyse 100, un multiplexeur d' adresses 105, un 

multiplexeur d' entrees de donnees 106, une unite de validation 

d'incrementation 107, un classifieur 101, une unite de retroannotation 102 et 

1 0 une unite de test 103 dont les fonctionnements seront decrits plus loin. 

L'ensemble des elements constituant l'unite de calcul d'histogramme 

sont commandes et synchronises par un signal d'horloge (clock). 

I. La memoire d'analyse 100 

Cette unite de calcul d'histogramme 1 comporte une memoire 

15 d' analyse 1 00. 

Cette memoire d'analyse 100 est de preference une memoire 

numerique classique synchrone cu asynchrone telle qu'une DRAM ou une 

SD RAM. Cette memoire a un nombre n d' adresses d egal au nombre de 

niveaux possibles pour les valeurs du parametre A qui doivent etre 

20 discriminees. 

Chacune de ces adresses peut stocker au mains le nombre de pixels 

contenu dans une trame {c'est-a-dire dans une image). 

A chaque trame, apres une remise a zero rapide par le signal de 

commande INIT, un signal WRITE valide, pendant toute la trame, le 

25 traitement de la donnee DATA(A). Ainsi, la memoire d'analyse 100 est 

susceptible de recevoir le signal DATA(A). Pour chaque trame re9ue, les 

pixels pour lesquels la valeur du parametre A a une valeur ai; = d (s'ils sont 

valides par le signal de validation 102s qui sera decrit plus loin), incrementent 

le contenu de I' adresse de rang d de la memoire 100 d'une valeur 1. Ainsi, 

30 apres avoir re,;;u une trame complete, la memoire 100 comporte, a chacune 

de ses adresses d, le nombre de pixels qui sent valides et pour lesquels le 

parametre A a une valeur d. 



Petitioner LG Ex-1004, 0135

13 

II. Les multiplexeurs d'adresses et d'entrees de donnees 

L'unite de calcul d'histogramme 1 comprend aussi un multiplexeur 

d' adresses 105, un multiplexeur d' entrees de donnees 106. 

Chacun de ces multiplexeurs comporte une commande de selection 

5 binaire, deux entrees et une sortie. 

La sortie du multiplexeur a pour valeur celle de I' une des entrees 

lorsque la commande de selection vaut 1 et I' autre lorsqu' elle vaut zero. 

Lorsque le signal de commande INIT est egal a zero, le multiplexeur 

d' adresses 105 selectionne une adresse dans la memoire d' analyse 100 en 

1 0 fonction du niveau d du signal (aiiT) rei;:u, le multiplexeur d'entrees de 

donnees 106 transfert l'incrementation de la valeur contenue dans cette 

memo ire en fonction de I' etat de sa commande de selection. 

Lorsque le signal de commande INIT est egal a 1, le multiplexeur 

d' adresses 1 05 transfert le signal du compteur qui incremente I' adresse de 

15 zero a la valeur maximum de DATA(A). Le multiplexeur d'entrees de donnees 

106 force zero sur I' entree de la memo ire 100. 

Ill. L'unite d'incrementation 

L'unite de calcul d'histogramme comporte egalement une unite 

d' incrementation 107. 

20 II s'agit d'un incrementeur commande comportant une entree, une 

commande et une sortie. 

La sortie de l'unite d'incrementation est egale a la sortie de la memoire 

d' analyse 100 si le signal de validation 102s est egal a zero, elle est egale a 
cette meme valeur augmentee de 1 dans le cas contraire. 

25 IV.Le classifieur 

L' unite passive de cal cul d'histogramme comporte egalement un 

classifieur pass if 101 qui comporte un registre 101 r susceptible de memoriser 

certaines des valeurs de niveaux possibles (d1, d2, ••• ) des niveaux du 

parametre A. 

30 Le classifieur 101 re9oit le signal DATA(A) et effectue un tri des pixels 

fournissant, sur sa sortie 101 s, une valeur 1 lorsque le parametre A associe 

audit pixel a un niveau correspondant a celui contenu dans le registre 101 r 

(d1, d2, •.. ) et la valeur zero dans le cas contraire. 
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La sortie du classifieur 101 est reliee a un bus 111. 

V. L'unite de retroannotation 

L'unite de calcul d'histogramme comporte encore une unite de 

retro annotation 102. 

5 Cette unite de retroannotation 102 est reliee au bus 111. Elle comporte 

10 

15 

au mains un registre 102r et rec;oit pour chaque pixel des signaux DATA(A), 

les valeurs (inE, ... , ins, inA) de sortie des classifieurs 101 des differentes 

unites de calcul d'histogramme auto-adaptatives reliees au bus 111. 

Cette unite de retroannotation compare les valeurs ainsi rec;ues a 
celles contenues dans son registre 102r et emet, sur sa sortie 102s, pour 

chaque pixel, un signal de validation egal a 1 lorsqu'il ya coi"ncidence entre 

les valeurs du registre egales a 1 et les donnees correspondantes rec;ues du 

bus 111, et une valeur zero dans le cas contraire, ce qui correspond a la 

fonction booleenne suivante : 
- -

out= (in0 + RegJ.(in 1 + Reg1). •• (inn + Regn )(in
0 
+in,+ ... inn) 

VI. L'unite de test et le registre de sortie d'analyse 

L'unite de calcul d'histogramme comprend egalement une unite de test 

103 recevant les informations sortant de la me moire d' analyse 100 et reliee a 
des registres de sortie d' analyse 104. 

20 Les registres de sortie d' analyse 104 sont destines a recevoir des 

informations statistiques elaborees sur les valeurs du parametre A du signal 

DAT A(A) pour chaque trame. 

II peut s'agir par exemple des valeurs minimum (MIN) et maximum 

(MAX) du para metre A, du nombre d' occurrences (RMAX) de la valeur la plus 

25 representee et de la position (POSRMAX) de cette valeur, ainsi que du 

nombre (NBPTS) de points pour lesquels des informations ant ete rec;ues. 

L'unite de test 103 met a jour les registres de sortie d' analyse 104 en 

fonction des informations qu'il re9oit. 

L'unite de validation d' incrementation 107 produit egalement en sortie 

30 un signal adresse sur l'unite de test 103 lui permettant d'incrementer le 

registre de sortie d'analyse 104 dans l'hypothese favorable. 

On comprend ainsi qu'apres l'exploitation d'une trame complete, l'unite 

de calcul d'histogramme 1 a produit des informations statistiques 
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representatives de cette trame, disponibles dans le registre de sortie 

d'analyse 104 et exploitables a toutes fins utiles, soit pour une visualisation 

accessible a l'operateur, soit pour exploitation par tout autre programme ou 

automate. 

5 Les registres de sortie d'analyse 104 comportent des memoires pour 

chacune des caracteristiques-cles qui incluent le minimum (MIN) de 

l'histogramme, le maximum (MAX) de l'histogramme, le nombre de points 

(NBPTS} de l'histogramme, la position (POSRMAX} du maximum de 

l'histogramme et le nombre de points (RMAX} au maximum de l'histogramme. 

1 O Ces caracteristiques sont determinees en parallele avec la formation de 

I' histogramme par I' unite de test 103, de la maniere suivante : 

Pour chaque pixel qui est valide : 

(a) si la valeur du parametre DATA(A) du pixel < MIN (qui est 

initialement fixee a la valeur maxima le de DAT A(A) possible de 

15 l'histogramme), alors la valeur du parametre est inscrite dans MIN; 
(b) si la valeur du parametre DATA(A} du pixel > MAX (qui est 

initialement fixee a la valeur minimale de DATA(A} possible de 

l'histogramme), alors la valeur du parametre est inscrite dans MAX; 

(c) si le contenu de la memoirs 100 a l'adresse de la valeur du 

20 parametre du pixel > RMAX (qui est initialement fixee a la valeur minimale 

DATA(A) possible de l'histogramme}, alors i) ecrire la valeur du parametre 

dans POSRMAX et ii) ecrire la sortie de la memoire dans RMAX; 

(d) augmenter NBPTS (qui est initialement fixe a la valeur zero) d'une 

unite. 

25 VII. Fonctionnement d'ensemble de l'unite de calcul 
d'histogramme passive. 

Plusieurs unites de calcul d'histogramme 1A, 18 ... 1 E sont done reliees 

au meme bus de retroannotation 111. La presente description est f aite en 

reference a cinq unites de calcul d'histogramme A a E. On comprend que la 

30 generalisation a un nombre quelconque d'unites peut etre faite. 

A. Signal WRITE 

Pendant chaque signal WRITE, chacune d'elles fournit au bus, pour 

chaque pixel, le signal de sortie 101s de son classifieur 101 et elles re9oivent 



Petitioner LG Ex-1004, 0138

16 

chacune !'ensemble de ces signaux sur l'entree inA,···, ine de leur unite de 

retroannotation 102. 

La valeur du parametre, par exemple DATA(A) pour l'unite 1A, est 

comparee au contenu du registre 101 r du classifieur 101. Le resultat 

5 inA = 101 s de cette comparaison est un signal binaire qui est adresse en 

meme temps que ses homologues inB ... inE provenant des autres unites 

1 B ... 1 E. 
L'unite de retroannotation 102 compare ces valeurs prises ensemble 

au contenu de son registre 102r constituant un critere R de retroannotation et 

1 O gen ere, sur sa sortie 102s, un signal binaire dent la valeur depend du resultat 

de la comparaison. 

Ce signal 102s commande l'incrementeur 107. Lorsqu'il est egal a 1, ii 

produit, par l'intermediaire du multiplexeur de donnees 106, !'incrementation 

d'une unite du contenu du registre de la memoire 100 correspondant a la 

15 valeur du parametre DATA(A), simultanement l'unite de test 103 assure 

I' exploitation statistique du contenu de la memo ire 100 et en transfert le 

contenu dans le registre de sortie d' analyse 104. 

A la fin du signal WRITE, les registres de la memoire 100 contiennent 

chacun pour valeur d, le nombre de pixels pour lesquels le signal DATA (A) 

20 avait la valeur d correspondante et que l'unite de retroannotation a valide. 

B. Signal /NIT 
Pendant le signal INIT, le signal COUNTER qui balaie les valeurs de O 

a n, assure la remise a zero des registres de la memoire 100. 

VIII. L'auto-adaptation 

25 Dans la description faite jusqu' a present, la me moire du classifieur 101 

est un registre 101 r dont le contenu determine de I' exterieur du systeme est 

fixe. Ce classifieur est alors dit passif. 

L'autoadaptation consiste en !'actualisation automatique, par le 

systeme lui-meme, du contenu de la memoire du classifieur, ce contenu etant 

30 alors une table de transcodage (LUT - Look Up Table). On obtient ainsi une 

unite de calcul d'histogramme 1 autoadaptative. 

Pour assurer la fonction d'autoadaptation, c'est-a-dire de mise a jour 

en temps reel du classifieur, l'unite de calcul d'histogramme de la figure 3 est 

perfectionnee conformement a la figure 4. 
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Au lieu d'avoir un simple registre 101r ecrit de l'exterieur du systeme, 

le classifieur 101 a une memoire adressable dent l'ecriture est commandee 

par un signal END. 

Le sequenceur 9 genere ce signal END represente sur la figure 5. 

5 L' unite de calcul d' histogramme comporte un operateur de selection OU 11 O 

recevant en entree les signaux INIT et END et relie en sortie a la commande 

du multiplexeur d' a dresses 105. 

La memoire du classifieur 101 est commandee par le systeme lui­

meme. Son contenu est modifiable, elle comporte une entree de donnees 

10 DATA IN, une commande d'ecriture WR et une entree d'adresses ADRESS. 

Cette entree d'adresses est reliee a la sortie d'un multiplexeur 

d' anticipation 108. Ce multiplexeur 108 de type " deux vers un " comporte 

une commande d' anticipation reliee a I a sortie d' un operateur OU 112 

recevant en entree les signaux INIT et END. 

15 Les entrees du multiplexeur d' anticipation rec;oivent les memes signaux 

que les entrees du multiplexeur d'adresses 105 (DATA(A) et COUNTER). 

Lorsque le signal END vaut 1, la memoire du classifieur est ecrite par 

un signal resultant de la comparaison entre la valeur de la memoire 100 

d' histogramme et une valeur issue du registre de sortie d' analyse 104 

20 (RMAX/2) pour toutes les valeurs possibles de DATA(A)). 

A. C/assifieur premier mode de realisation 
En reference a la figure 12, le classifieur 101 assurant l'autoadaptation 

comporte une memoire 118 dent l'entree d'ecriture WR rec;oit le signal END, 

l'entree d'adresses ADRESS re9oit le signal de sortie du multiplexeur 

25 d' adresses 108. II comporte de plus un comparateur 119 comportant deux 

entrees et une sortie, celle-ci etant reliee a l'entree de donnees DATA IN de 

la memoire 118. 

La premiere entree du comparateur 119 rec;oit la valeur RMAX/2 

produite par un registre de sortie d' analyse 104 et, sa deuxieme entree re9oit 

30 la sortie de la memoire 100. 

Le fonctionnement de la memoire 118 du classifieur est alors le 

suivant. 

Elle comporte le meme nombre de mots que la memoire d' analyse 100 

mais dans la memoire 118, chaque mot ne comporte qu'un seul bit. 
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A la fin (signal END= 1) de la reception d'un nouveau flux de donnees 

DATA(A) d'une trame, une sequence d'ecriture commence. 

Lorsque pour une memoire donnee d de la me moire d' analyse 100, la 

valeur lue est superieure a RMAX/2, une valeur 1 est inscrite dans la memoirs 

5 118 a Ia position correspondante. Dans le cas contraire, la valeur 0 est 

inscrite a cette position. L'ensemble des memoires d est balaye de 0 a n. La 

memoire 118 du classifieur 101 a ainsi ete mise a jour. 

B. C/assifieur second mode de realisation 

La figure 13 represents un mode de realisation alternatif du classifieur 

10 dans lequel un multiplexeur 120 est commande par une commands de choix 

124 et permet la comparaison du parametre P a une valeur statistique Q, qui 

peut etre elaboree de differentes manieres en fonction des parametres 

statistiques re9us sur ses differentes entrees 0, 1, 2, 3 qui sont selectionnees 

par la commands de choix 124. La commande de choix depend du contenu 

15 du registre" CHOIX". L'entree 0 du multiplexeur 120 re9oit la valeur RMAX/2 

produite a partir des donnees du registre de sortie d'analyse 104 par le 

diviseur par 2, 121, I' entree 1 du multiplexeur 120 re~oit directement la valeur 

RMAX, l'entree 2 du multiplexeur 120 re~oit une valeur de seuil contenu dans 

un registre " SEUIL " 123 dent le contenu est prpgramme de I' exterieur du 

20 systeme, I' entree 4 de ce multiplexeur re9oit le quotient du nombre de points 

NBPTS par le SEUIL produit par le diviseur 122. 

Done tel que represents sur la figure 13, le parametre P peut etre 

compare aux valeurs respectives RMAX/2, RMAX, a un seuil B entre depuis 

l'exterieur et au rapport du nombre de points NBPTS rapporte ace seuil par 

25 le diviseur 122. 

Le contenu de la memoire 118 est mis a jour, en fonction des signaux 

fournis par le comparateur 119 de maniere analogue a la mise a jour decrite 

dans le premier mode de realisation. 

IX.La memoire 118 du classifieur 101 

30 La figure 16 est une representation detaillee de la memoire 118 faisant 

apparaitre un demultiplexeur avec validation d' entree 130 et un multiplexeur 

de sortie 131. Le demultiplexeur d' entree 130 recevant le signal d' ecriture 

WR est done a meme de valider le choix du registre de la memoire 118, 

selectionne par la commande d'adresse ADRESS, pour l'ecriture de la valeur 
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binaire de la comparaison DATA IN. Le multiplexeur 131 de sortie adresse la 

valeur d'un registre particulier, selectionne par la commands d'adresse 

ADRESS, sur la sortie 101 s de la memoirs 118 du classifieur. 

Le demultiplexeur d'entree 130 et le multiplexeur de sortie 131 sent 

5 commandes par le bus 134 issu du multiplexeur d' anticipation 108. 

Plus precisement, le demultiplexeur 1/n d'entree 130, commands par 

I' adresse transmise par le bus 134, envoie le signal WR (WRITE), 

respectivement sous la forme des signaux Sel0 , Sel1, Seb, ... , Sein sur les 

registres 1400, 1401, 1402, ... , 140n de rang 0, 1 ... , n et determine celui de ces 

10 registres dans lequel le contenu de l'information transmise par le signal DATA 

IN est adresse. En sortie, les informations provenant de ces registres 1400 , 

1401, 1402, ... , 140n sent adressees sur le multiplexeur 131 qui les dirige sur 

sa sortie OUT. 

X. L'anticipation 

15 Dans une forme de realisation preferee, en plus de la mise a jour en 

temps reel, l'unite 1 de constitution d'histogramme assure une fonction 

d' anticipation. 

Cette anticipation de I' autoadaptation du classifieur 101 ameliore le 

fonctionnement de ce systems boucle et le rapproche d' un fonctionnement 

20 d'un systems physiologique. 

Le but de !'anticipation est, comme son nom l'indique, d'anticiper la 

valeur contenue dans la memoirs 118 du classifieur de facon a accelerer le 

traitement et, par la, a faciliter le suivi d'un objet ou de son evolution. 

A cet effet on recourt d'abord a un calcul de la variation global de 

25 I' histogramme dent le resultat est, ensuite, utilise pour appliquer I' anticipation 

selon l'une ou l'autre de deux methodes. 

A. Ca/cul de la variation globa/e de l'histogramme 
L'unite de test 103 et les registres 104 de sortie d'analyse genere alors 

une valeur statistique POSMOY dent les valeurs POSMOYo et POSMOY1 

30 pour deux trames successives sent memorisees. POSMOY est la valeur du 

parametre DATA(A) par rapport a laquelle, dans une trame donnee, ledit 

parametre a une valeur superieure ou egale pour la moitie des points valides 

de la trame et une valeur inferieure pour I' autre moitie. 
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Preparation 

Lorsque le signal END vaut 1, la nouvelle valeur POSMOY0 est 

calculee et la valeur precedents de POSMOY0 est sauvegardee en 

POSMOY1. 

5 POSMOY 

En reference a la figure 14, on decrira maintenant I' elaboration de la 

variable POSMOYo. 

Cette variable POSMOYo est produite par un comparateur 302. 

Ce comparateur 302 rec;oit, sur l'une de ses entrees Q, le parametre 

1 0 NBPTS qui est divise par deux par le diviseur 303. 

Sa deuxieme entree P est alimentee par la sortie d'un registre 301 qui 

est commands par les signaux d'initialisation INIT et de fin END, et rec;oit en 

entree la sortie d'un additionneur 300 qui re<;oit lui-meme en entree, la valeur 

de sortie du registre 301 et sur sa deuxieme entree, la valeur de sortie de la 

15 memoire 1 oo qui a ete precedemment decrite. 

Ainsi, le registre 301, initialement remis a zero, memorise le cumul du 

contenu des registres de la memoire qui sent balayes par le signal COUNTER 

de zero an. 

Tant que ce cumul est inferieur a NBPTS/2, la valeur du COUNTER est 

20 memorises dans POSMOYo. A la fin du cycle END, POSMOYo contient done 

la derniere valeur COUNTER pour laquelle le cumul est inferieur a NBPTS/2. 

B. Application de la variation de /'histogramme a /'anticipation 

(1 ere methode) 

Cette premiere methode est representee sur la figure 15. La memoire 

25 118 est celle decrite precedemment en reference a la figure 16. 

Un automate 310 dit - unite de calcul de valeur absolue avec extraction 

de signe - fournit les valeurs !POSMOY0 - POSMOY1I et le signe de cette 

difference. 

Ces parametres commandent un translateur 311 apres inversion du 

30 signe par l'inverseur 312. 

La valeur du parametre alimentant la memoire 118 est ainsi decalee de 

la valeur IPOSMOYo - POSMOY1I par rapport au fonctionnement passif, dans 

le sens oppose a la variation de POSMOY calculee dans l'unite 310. 

La figure 1 Sa represents un circuit alternatif permettant la mise en 

35 ceuvre de la premiere methode d'application de la variation de l'histogramme 



Petitioner LG Ex-1004, 0143

21 

a !'anticipation. Dans ce mode de realisation, l'unite de calcul 310a est 

analogue a l'unite de calcul 310 mais elle permet des possibilites plus 

souples de decalage de la valeur du parametre fourni a la memoire 118. Alers 

que l'unite de calcul 31 Ode la figure 5 produit un decalage determine par une 

5 fonction de la forme y = x aux est (POSMOYo - POSMOY1), l'unite de calcul 

31 0a fournit un decalage determine par des fonctions de la forme y =ax+ b, 

dans laquelle a (par example k 1 et k2) et b (par example c1 et c2) sont des 

constantes ajustables qui peuvent etre fournies par un processeur. 

On comprend qu'ainsi, toute autre fonction agissant sur les valeurs 

1 o POSMOY peuvent etre utilisees si voulu tel que y = ax2
• Sur la figure 15a, le 

multiplexeur 127 rec;oit en entree les deux fonctions de POSMOY, c' est-a-dire 

k1 x (Po - P1) + c1 et k2 x (Po - P1) + c2, et fournit une sortie fondee sur la 

valeur du signal de controle « CLOCK». 

Pour augmenter le domaine de classification, le circuit OU 125 et le 

15 circuit de retard 126 peuvent etre utilises. Le circuit de retard est controls par 

le meme signal d'horloge qui controle le multiplexeur 127. Les valeurs de 

sortie de la memoire 118 reliees aux deux fonctions differentes de decalage 

sont alors fournies a la porte OU 125 dont la sortie est le signal 102s avec un 

domains de classification ameliore, ce qui ameliore I' anticipation. 

20 C. Application de la variation de l'histogramme a /'anticipation 

(2eme methode) 

Cette deuxieme methode est representee sur la figure 17. La memo ire 

118 est alors celle representee sur la figure 18. 

L'architecture generale de la memoire 118 est celle deja decrite plus 

25 haut. Nous decrirons une sequence pour 1 bit donnee, les autres etant 

analogues. Les elements communs a la figure 16 portent les memes 

references. 

Le registre 1401 est associe a un multiplexeur d'entrees 2/1 1601 qui 

re,;;oit sur l'une de ses entrees, le signal binaire sortant du comparateur 119 

30 et sur I' autre de ses entrees, le signal de sortie de I' automate de calcul 

d' anticipation 1501. 

Le multiplexeur d' entree 1601 est commands par le signal ETD qui 

commande egalement I' ecriture. 

~) 
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A cet effet, la commande d' ecriture du registre 1401 est reliee a un 

operateur OU 1701 qui re<;oit, sur I' une de ses entrees, le signal ETD et sur 

I' autre, un signal Selo. 

En sortie du registre 140,, un automate de calcul d' anticipation 1501 

5 re9oit en entree les trois signaux Q0 , 0 1 et 02 de sortie des registres 1400 , 

1401, 1402 de rang respectivement 0, 1, 2, ii est commande par les signaux 

SM, SP et T. 

Dans les automates 1500, 1501, ... , !'anticipation est realisee par la 

succession d' operations de dilatation suivie d' operations d' erosion. 

10 L' automate de cal cul d' anticipation 150 est decrit en detail sur la figure 

19, ii comporte un multiplexeur 207 comportant une sortie et deux entrees 

commands par le signal T. 

L'une de ses entrees est reliee a un operateur de dilatation 208 qui 

fournit un signal A1 et I' autre a un operateur d' erosion 209 qui fournit un 

15 signal B,. 

L'operateur de dilatation 208 comporte un circuit OU 201 a trois 

entrees et une sortie. Sa sortie est reliee au multiplexeur 207. 

Sa premiere entree est alimentee par le signal 01, sa deuxieme entree 

est alimentee par la sortie d'un circuit ET 202 a deux entrees dont l'une des 

20 en trees est le signal Oo et I' autre entree est le signal SP. La troisieme entree 

du circuit OU 201 est alimentee par la sortie d' un circuit ET 203 a deux 

entrees, l'une de ces entrees etant le signal 02 et l'autre etant le signal SM. 

La fonction realisee par I' operation de dilatation 208 est ainsi 

A, = 0, + Oo X SP + 02 X SM 

25 L'operateur d'erosion 209 comporte un circuit ET 204 a trois entrees et 

une sortie. Sa sortie est reliee au multiplexeur 207. 

Sa premiere entree est alimentee par le signal Q,. 

Sa deuxieme entree est reliee a un circuit NON-ET a quatre entrees et 

une sortie 205. 

30 La premiere entree de ce circuit NON-ET 205 est reliee au signal SP, 

la deuxieme au signal Q1• La troisieme entree est reliee au signal Oo et la 

quatrieme inversee au signal 02. 
Un deuxieme operateur NON-ET 206 a quatre entrees et une sortie 

reliee a la troisieme entree du circuit ET 204, la premiere de ses entrees etant 
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alimentee par le signal 01, la deuxieme par le signal SM, la troisieme par le 

signal 0 2 et la quatrieme inversee par le signal Q0 . 

La fonction realisee par l'operateur d'erosion 209 est ainsi 

B 1 = Q, X (SM X Q2 X Q0 ) X (SP X Q2 X Q0 ) 

Le fonctionnement de l'operateur d 'anticipation est illustre par la figure 

20. 

Sur cette figure, a gauche en reference a I' axe des temps t, sont 

10 representes les signaux INIT, WRITE, END, ETD, T, SP, SM. 

Le signal INIT genere par le sequenceur 9 demarre le cycle de 

traitement d'une trame. Pendant sa duree, tousles memoires et registres sont 

initialises. 

Le signal WRITE egalement genera par le sequenceur 9 suit le signal 

15 INIT et commande les calculs statistiques pour la trame consideree dont les 

donnees sent representees par la courbe C, dent les axes representent en 

abscisse les valeurs du parametre et en ordonnee le nombre d'occurrences. 

L'unite de test 103 recherche le nombre d'occurrences maximum 

RMAX. 
20 A la fin du signal WRITE, le signal END encore genera par le 

sequenceur 9 valide la mise a jour de la memoire du classifieur 118. Les 

nouvelles donnees sent generees par le comparateur 119. 
A la fin du signal END au temps t0 , le contenu de la memoire 118 est 

represents par la repartition R0 • 

25 La fin du signal END demarre le signal ETD dont la duree est 

determinee par le generateur de commande 313. Ce signal ETD valide le 

calcul de l'etendue dans la memoire 118 du classifieur. 

Les signaux SP (Sens Plus) et SM (Sens Mains) compris dans ETD 

commandent respectivement le traitement dans le sens positif (SP=1) et dans 

30 le sens negatif (SM=1) de l'etendue de la repartition R, qui deviant R, a t,, R2 

a ti et RJ ah ... 
Ainsi, les durees respectives de SP et SM determinent l'etendue et la 

position de la repartition Rs a la f in du signal ETD. 

Le multiplexeur 207 commande par la commande T ayant deux entrees 

35 alimentees respectivement par les sorties des operateurs de dilatation et 
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d'erosion et une sortie permet de mettre en oeuvre l'un ou l'autre de ces 

operateurs en fonction de la commande T. 

La sortie du multiplexeur 207 est OUT1 

XI.La retroannotation 

Dans un mode de realisation simplifie decrit jusqu'a present, le bloc de 

retroannotation 102 comporte un seul registre contenant une seule valeur de 

retroannotation constituant le critere R de retroannotation. 

1 O A. Criteres complexes de retroannotation 
Dans un mode de realisation prefere, le bloc de retroannotation est une 

memoire pouvant contenir plusieurs valeurs formant ensemble le critere R de 

retroannotation, l'une ou l'autre d'entre elles pouvant valider !'information 

portee par un pixel. Chacune de ces valeurs est mise en memoire dans un 

15 registre terme produit 410. 

La figure 22 represente un tel bloc de retroannotation 102 dans son 

ensemble. II est compose d'un ensemble de termes produits 410 alimentes 

par le bus 425 A « PRODUCT TERM » et commandes par le bus Programm 

Register 12. 

20 Chacun de ces termes produits 410 a une sortie qui alimente un 

operateur OU 421 qui fournit lui-meme en sortie un signal entrant sur I' une 

des entrees d'un inverseur commands 422, qui rec;oit sur sa deuxieme entree 

les signaux provenant du bus Programm Register 12 par l'intermediaire du 

registre 423. 

25 Les figures 23 et 24 illustrent une unite memoire (FPGA - Field 

Programmable Gate Area) reprogrammable 400 mise en ceuvre pour la 

realisation de l'unite de retroannotation 102. 

Une telle memoire comporte un inverseur commande 403 dont la sortie 

est la sortie de !'unite reprogrammable 400 et dont l'une des entrees est un 

30 operateur OU 401 relie aux B lignes 405, ces lignes coupant les A colonnes 
406 qui sont reliees a des amplificateurs 402 fournissant des signaux s et s. 
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Les intersections 404 des lignes 405 et des colonnes 406 sont des 

connexions programmables permettant de determiner !'ensemble du 

fonctionnement de l'unite reprogrammable 400. 

La figure 24 represente une ligne unique 41 0 d'une telle unite· 

5 reprogrammable 400. 

Une telle ligne comporte des registres 411 et 412 destines a recevoir 

des variables Reg-a0 et Reg-b0 de programmation. 

Cette ligne est decomposable en A fonctions elementaires dont 

chacune comporte un inverseur commands 413, un operateur OU 415 et un 

1 0 inverseur 414. L'une des entrees de l'inverseur commands 413 est reliee a 
I' entree A et I' autre de ces entrees au bit i du registre Reg-a0. 

La sortie de cet inverseur commands 413 est reliee a l'entree de 

I' inverseur 414 qui alimente, par sa sortie, I' une des entrees de I' operateur 

OU 415. 

15 L' autre entree de cet operateur OU 415 est alimentee par I e bit i du 

registre Reg-b0. 

La sortie de l'inverseur commande 413 alimente egalement l'une des 

entrees d'un operateur OU 417 qui re9oit encore !'ensemble des signaux 

correspondants produits par les differentes sorties des fonctions 

20 .elementaires. 

Un operateur ET 416 dont la sortie est product term0 re9oit en entree 

d' une part la sortie de I' operateur OU 417 et d' autre part les sorties des 

differentes fonctions elementaires. 

B. L'apprentissage 

25 Le bloc de retro annotation peut etre programme de I' exterieur par une 

instruction d'une interface de gestion d'application. Cette interface charge les 

registres 411 et 412. 

Dans un mode de realisation encore prefere, !'unite 1 de constitution 

d'histogramme, en plus de la mise a jour du classifieur et de !'anticipation a 

30 une fonction d'apprentissage. 

A cet effet, l'unite 1 de constitution d'histogramme comporte un 

multiplexeur d' apprentissage 108 qui perm et la program mat ion automatique 

de l'unite de retroannotation 102. 

Le multiplexeur d' apprentissage 108 selectionne I' un ou I' autre des 

35 deux modes de fonctionnement possibles (exploitation et apprentissage). En 
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mode d'exploitation, les valeurs contenues dans le registre de l'unite de 

retroannotation 102 sent fixees, au contraire, en mode d'apprentissage, ces 

valeurs sent mises a jour. 

Le mode d' exploitation 

5 Lars du fonctionnement en mode d'exploitation, le multiplexeur 

d' apprentissage 109 emet, sur sa sortie, un signal de valeur 1 signifiant que 

les valeurs contenues dans les registres du bloc de retroannotation 102 ne 

sent pas modifiees pendant la sequence de fonctionnement en mode 

d' exploitation. 

1 0 Les valeurs stockees dans ces registres ont done soit ete choisies et 

mises en memoire par l'utilisateur, soit ont results d'une phase 

d' apprentissage prealable que nous analyserons plus loin. 

L' unite de retroannotation 102 rec;;:oit egalement, des autres unites de 

calcul d'histogramme cooperant avec celle decrite ici, des signaux 

15 com parables inE. .. inA. 

Remplissant son role deja decrit plus haut, cette unite de 

retroannotation compare les valeurs ainsi rec;;:ues aux valeurs mises en 

memoire dans son ou dans ses registre(s) et produit en sortie un signal 102s 

egal a 1 en cas de coincidence et a zero dans le cas contraire. Ce signal de 

20 validation est adresse a l'unite de validation d'incrementation et lorsque sa 

valeur est egale a 1, autorise la prise en compte de la valeur du parametre 

DATA(A) du pixel concerns dans la memoire d' analyse 100 et, dans le cas 

contraire, autorise le traitement du pixel suivant. 

Le mode d' apprentissage 

25 Le fonctionnement de I' unite de calcul d' histogram me est alors 

commands par des signaux representes sur la figure 5, c' est-a-dire un signal 

d'initialisation (INlT), un signal d'ecriture (WRITE), qui portent les 

informations correspondant a chaque pixel de la trame (ou de !'image) et un 

signal de fin END. 

30 Dans le mode d' apprentissage, le multiplexeur d' apprentissage 1 09 

fournit en sortie la valeur du signal de retroannotation qui est alors utilisee 

corn me donnee DAT A(A). 

Lars de l'apprentissage d'une unite de calcul d'histogramme de rang i, 

un signal LEARNi valide durant toute une sequence trame le traitement en 

35 mode apprentissage. 
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Pendant cette sequence, les registres d' apprentissage 116 sont mis a 
jour. Simultanement, le bloc de retroannotation 102 assure la transparence 

des signaux, validant la donnee DATA(A), alors egale au signal de 

retroannotation 111 des qu'une au mains des entrees inA, ... , in E est active 

5 (=1 ). 

A la fin du signal WRITE, la memoire d'histogramme 100 represents la 

distribution du signal de retroannotation. 

L' unite de test 103 produit alors un classement des occurrences par 

valeur decroissante en nombre egal au B « SUM TERM». 

1 O Pendant le signal END, les valeurs du signal de retroannotation ainsi 

selectionnees sont ecrites dans les registres 411 et 412 de chacun des blocs 

410 du bloc de retroannotation 102. 

Le registre 412 correspond a la valeur du signal de retroannotation et 

le registre 411 correspond a son complement. En pratique, on peut utiliser 

15 deux sorties d'un meme registre fournissant ces deux valeurs. 

On realise ainsi une elaboration statistique automatique des 

parametres caracteristiques dans la trame etudiee. 

Ainsi, l'apprentissage necessite, pour n parametres d'entree, n+1 

unites calcul d'histogramme. Les n blocs traitant l'un des parametres et le 

20 bloc restant traitant !'information de retroannotation pour assurer 

I' apprentissage. En pratique, I' information de retroannotation ayant un 

nombre de digits important, l'unite d'apprentissage est dediee et est de 

grande dimension. 

25 Les organigrammes des differents logiciels requis pour assurer les 

fonctions d'autoadaptation, d'anticipation et d'apprentissage representes sur 

les figures sont lisibles en eux-memes et ne necessitent pas d'explications 

complementaires pour etre compris de I' homme du metier. Lorsque, de 

maniere interne, ils font appel a des variables, celles-ci ant ete representees 

30 dans un cadre. Certaines fonctions etant realisees dans un composant 

particulier decrit par ailleurs, la reference numerique de ce composant a aussi 

ete aff ectee a la fonction. 
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synchrone. Ce sent de preference des signaux numeriques. Le signal 

complexe F comprend alors un certain nombre de signaux de sortie generes 

par le systeme comprenant de preference des signaux signifiant la presence 

et la localisation d'une zone ou d'un objet en mouvement, la vitesse V est la 

5 direction orientee du deplacement DI de chaque pixel de l'image. Egalement, 

de preference, une sortie du systeme est constituee par le signal video 

numerique d'entree qui est retarde (SR) de fa9on a le synchroniser avec la 

sortie ZH de la trame, en prenant en compte le temps de calcul du signal de 

donnees composite F (pour une trame). Le signal retards SR est utilise pour 

10 representer l'image re9ue par la camera sur un moniteur ou un ecran de 

television qui peut aussi etre utilise pour representer I' information contenue 

dans le signal composite ZH. Le signal composite ZH peut aussi etre transmis 

a une unite de traitement distincte 1 0a qui poursuit le traitement de ce signal. 

XIII. Traitement spatial : Choix d'axes _ 

15 La position d'un pixel dans l'espace est representee par rapport a un 

systeme d'axes. Selan la forme, !'orientation, ... des objets dans la scene, 

certains systemes d' axes fournissent de meilleurs resultats que les autres. 

Les figures 26 et 27 presentent le precede de choix des axes 

permettant d'obtenir des histogrammes optimises, c'est-a-dire presentant un 

20 maximum particulierement marque. 

L' unite Space transform rei;oit en entree les donnees spatiales x, y qui 

peuvent etre soit des donnees cartesiennes, soit des donnees polaires. Cette 

unite Space transform est commandee par un signal a et fournit en sortie, 

pour chacune des valeurs de a, un parametre qui alimente une unite de 

25 constitution d' histogramme selon I' invention. 

Le programme de commande de cette unite d' histogramme introduit 

par le Programm Register permet de selectionner la valeur a produisant un 

histogramme optimise. 

Un tel precede de choix des axes a ete decrit en detail dans la 

30 demande PCT WO-98/05002 (voir la figure 11 et la description 

correspondante, I' unite « Space Transform » y etant referencee 37). 
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XIV. Traitement temporel 

Au traitement colorimetrique qui exploite tes valeurs des signaux de 

teinte, de saturation et de luminance, aux signaux de vitesse, direction et 

intensite, on peut adjoindre une fonction de filtrage spatial produisant un 

5 parametre de resolution spatiale (methode de Gabor) et une fonction 

binoculaire qui, par un automate de calcul de distance, fournit un parametre 

de profondeur. 

Des applications completes peuvent etre realisees en exploitant tout ou 

partie de I' ensemble de ces parametres. 

1 o XV. Visu courbe statistique 

Dans un mode de realisation prefere, un generateur de courbe 114 

permet !'incrustation a l'ecran d'une courbe des valeurs DATA pour la trame 

anterieurement traitee. 

De meme, une incrustation du signal de retroannotation est possible. 

15 Ces incrustations sont adressees respectivement par les lignes 14 et 

15 vers un ecran. Des interrupteurs 16 et 17 permettent de selectionner une 

unite de calcul d' histogramme particuliere parmi I' ensemble de celles-ci. 

Les figures 28 et 29 decrivent plus precisement les moyens de 

visualisation de la courbe d' histogramme. 

20 La memo ire 100 adressee par la valeur du compteur de colonnes 353 

alimente l'une des entrees d'un registre a decalage 350 dont l'autre entree 

est alimentee par le parametre RMAX produit par le registre d'analyse 104. 

La sortie de ce registre a decal age 350 alimente I' une des entrees d' un 

comparateur 351 dont I' autre entree est alimentee par un compteur de lignes 

25 352 au travers d'un inverseur 354. Un operateur ET 355 recevant, d'une part, 

le resultat de la comparaison P2::Q et, d'autre part, la variable Val_Zone, 

fournit en sortie la variable Aff _ Cbe. 

Le compteur de colonnes 353 qui genere les variables « Col-Counter » 

356 et« Col_Curve_Counter » 357, le compteur de lignes 352 qui genere les 

30 variables « Row_Curve_Counter » 358 et « Row_Counter » 359 et le 

generateur de la variable Val_Zone sont un sous-ensemble 91 du sequenceur 

9. 
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De plus, le bloc de commande de visualisation 365 de l'ecran 8 re9oit 

le signal video retarde SR, une commande de curseur produite par le bloc 

curseur 366, une commande produite par la me moire semi-graphique 367. 

La figure 29 est le resultat de la vignette obtenue 360 valide par le 

5 commutateur 16 qui transfert le signal d'affichage courbe sur la commande 

d'incrustation 15 dans l'ecran 361 qui comporte di;! plus une zone de 

commande 362, un curseur 363 et une zone texte 364. 

Ainsi, cet ecran et la souris associee constituent une interface 

graphique utilisateur (GUI) permettant a l'utilisateur de generer et de 

1 O commander I' application. 

De meme, la fonction de retroannotation peut etre visualisee, en 

dynamique, sous forme de pixels 365, par commutation du commutateur 17 

sur la commande d' incrustation de la retro annotation 14. 

XVI. APPLICATIONS 

15 Sur !es figures 30 et suivantes, on a represente la mise en ceuvre d' un 

ensemble d'unites de calcul d'histogramme permettant la gestion d'un 

nombre aussi grand que necessaire de parametres A, B, C, D, 

E ... L' association de parametres a la fois spatiaux (en principe au nombre de 

deux) et temporels (au mains un) permet de modeliser un neurone spatio-

20 temporel. Les unites de traitement respectivement temporelles 5 et spatiales 6 

rec;oivent d'une part le signal S(t), d' autre part les signaux horloge CLOCK et 

de synchronisation ST, synchronisation de trames et SL, synchronisation de 

lignes. 

Tel que represents sur les figures 4 et 30, chacun des parametres A, 

25 8, C, D, E... sortant de ces unites de traitement temporel 5 et spatial 6 

alimente une unite de cal cul d' histogramme, respectivement 1 A, 1 e-.. 1 E· La 

retroannotation produite par !'ensemble des classifieurs est disponible sur le 

bus 111 et utilisee dans son ensemble par chacune des unites de calcul 

d'histogramme, respectivement 1A, 1 B•·· 1 E· 

30 A titre d' exemple, A, B, C, ... , E peuvent representer respectivement les 

composantes couleur du pixel d'entree sous la forme luminance L, teinte T et 

saturation S. D et E seraient les coordonnees P, et P2 du pixel considere dans 

un systeme d' axes optimise. 
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Dans le mode de realisation de la figure 31, les differents parametres 

DATA(A}... DATA(E) alimentent un multiplexeur d'entree 500 qui est 

commande par un registre 501. Le registre 501 est mis a jour par la 

commande SELECT referencee 502. Le multiplexeur commande 

5 d'apprentissage 503 rec;oit, selon l'etat de la commande d'apprentissage de 

l'unite de calcul d'histogramme i, LEARNi, soit !'information de retroannotation 

transmise par le bus 111, soit les informations provenant du multiplexeur 

d' entree 500. 

II est ainsi possible d'utiliser une seule unite de calcul d'histogramme 1 

10 pour trailer l'un quelconque des differents parametres A, 8, C, ... , E qui lui 

sont adresses par un bus 510 en fonction de la commande SELECT. 

Selan l'etat de la commande d'apprentissage LEARN, !'unite de calcul 

d'histogramme fonctionnera soit en exploitation, soit en apprentissage. 

L'ensemble 1 a ainsi forme par une unite de calcul d'histogramme 1, un 

15 multiplexeur d' entree 500, son registre associe 501, et eventuellement un 

multiplexeur d' apprentissage constitue une unite de calcul d' histogramme 

polyvalente. 

La figure 32 represents un dispositif complet comprenant a titre 

d'exemple un ensemble de seize unites de calcul d'histogramme 

20 polyvalentes. 

Ces unites constituent une matrice, elles sont reliees a un bus 51 0 sur 

lequel les parametres D, V, S, T, L, p0, p1, p2, ... , p15 sont disponibles (p0, 

p1, p2, ... , p15 sont des pentes d'axes de reference). Le bus 111 porte 

I' information de retroannotation. 

25 L'ensemble de !'application est commande par l'unite de controle 513 

qui determine ceux des parametres L, T, S, V, D, p0 , p 1 ... p1s qui sont traites a 
un instant donne par une ou un groupe d'unites d'histogramme polyvalentes 

dedie et, par le sequenceur 9. 

La figure 40 represents un diagramme fonctionnel d'un ensemble 

30 comportant plusieurs unites de calcul d'histogramme (tel que represente sur 

la figure 31) conformement a un mode de realisation de la presents invention. 

Chaque unite 1 a de calcul d'histogramme est reliee a un bus de donnees 51 0 

qui fournit les diff erents parametres a traiter, et a un bus 11 qui fournit le 

signal de classification 101 s et les signaux de fonction d' apprentissage aux 

35 differentes unites 1 a. Chaque unite de calcul d'histogramme comporte une 

l-· . ) 
I • 
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memoire 100, un classifieur 101 et une unite de retroannotation 102. Chaque 

unite 1 a est susceptible d' avoir des fonctions de classification automatique 

d'anticipation et d'apprentissage telles que decrites plus haut. 

L'ensemble d'unites de calcul d'histogramme 1 peut fonctionner en 

5 mode de traitement pendant qu'une ou plusieurs d'entre elles sont en mode 

d' apprentissage. 

Dans un mode de realisation particulier, une unite de calcul 

d'histogramme est utilisee en temps partage par plusieurs parametres 

pendant chaque trame, eventuellement memorises dans une memoire non 

10 representee. 

Par example, en reference a la figure 31, l'unite de calcul 

d'histogramme 1 calcule des histogrammes et les statistiques 

correspondantes pour deux ou plus parametres (par example DATA(A) et 

DATA(C)) pendant chaque trame. 

15 Un multiplexeur 500 prevu dans ce mode de realisation est susceptible 

de multiplexer les differents parametres. De cette fa9on, un nombre limite 

d'unites de calcul d'histogramme est necessaire pour traiter un plus grand 

nombre de parametres, ce qui permet de diminuer la quantite de silicium 

necessaire pour fabriquer le nombre utile d'unites de calcul d'histogramme. 

20 Le processeur de perception visuelle generique (GVPP) 520 ainsi 

constitue peut etre integre sur un seul substrat semi-conducteur. 

Le nombre d'unites de calcul d'histogramme polyvalentes 1a depend 

de I' application et des technologies de fabrications de composants semi­

conducteurs disponibles. 

25 La technologie 0,5 µm actuellement accessible permet I' integration de 

32 unites de fa9on economique. Avec les techniques avancees de semi­

conducteurs, ii devient impossible de fabriquer de plus en plus d'unites de 

calcul d'histogramme (par example les blocs 1 a de la figure 32) sur le meme 

composant et de realiser des calculs plus nombreux sur plus d' echantillons 

30 (c'est-a-dire des nombres de plus en plus importants d'echantillonnage par 

para metre). 

Une telle augmentation des capacites de calcul peut etre realisee sans 

augmentation de la complexite de l'API, qui est presentee plus loin et 

representee en detail sur I' annexe A. Par example, le meme ensemble 

35 d' instructions peut commander un ensemble de 20 unites comme un 
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ensemble de 200 ou meme de 2000 unites sans que sa complexite ne soit 

accrue. 

Dans un autre mode de realisation represents sur la figure 39, une 

unite de calcul 605 conforms a la presents invention, c'est-a-dire similaire a 
5 !'unite de calcul 520 de la figure 32, est utilises pour traiter les parametres 

associes a un domains de perception autre que le domains visual. Sur la 

figure 39, la technique de la presents invention est appliquee a I' analyse 

orale ou de son, par example pour la reconnaissance vocals ou I' utilisation de 

la voix pour entrer un texte dans un ordinateur. Sur la figure 39, un dispositif 

10 generant un signal sonore fournit un signal sonore au calculateur 605 qui 

produit un signal de sortie. 

Dans un mode de realisation, le dispositif generant le signal comports 

un microphone 600 mais peut aussi comp rend re n' imports quel dispositif 

susceptible de fournir des signaux analogues ou digitaux, par exemple un 

15 lecteur CD ou DVD ... Le dispositif generateur de signal fournit de preference 

des signaux digitaux et peut fonctionner dans un mode esclave ou dans un 

mode maitre de la meme maniere que I' ensemble generateur de signal 2 de 

la figure 1. Le calculateur 605 re9oit les signaux et traite differents parametres 

du signal sonore. Ces parametres comportent la frequence, !'amplitude et la 

20 phase. Les parametres de phase et d' amplitude sent respectivement 

analogues aux signaux spatiaux et temporals exploites pour le traitement de 

scenes visuelles. Le calculateur 605 fournit des signaux au dispositif 610 de 

fa9on a permettre la representation des resultats. Par exemple, dans un mode 

de realisation, le dispositif 61 O comports une imprimante permettant 

25 I' impression de textes associes aux signaux fournis par le generateur de 

signal 600. De la meme maniere, le dispositif 61 O peut comporter un moniteur 

ou n'importe quel autre dispositif generateur de texte. 

La figure 33 est la representation d' un processeur de perception 

vi sue lie generique 520 ou 530 recevant des informations d' un imageur CMOS 

30 521 comportant une retine 522 et un sequenceur 523. 

La figure 34 represente un systeme complet susceptible de constituer 

une application complete et fonctionnant avec plusieurs imageurs CMOS. 

L' association de deux imageurs CMOS 531, 532 representes sur la figure 35 

permettant d' acquerir des informations sur la profondeur dans la scene 

35 observes. 
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Dans certaines utilisations, ii est souhaitable de pouvoir observer 

certains plans, en profondeur, d'une scene et c'est la raison pour laquelle la 

retine peut etre equipee d'un dispositif a focale variable tel que represents 

sur la figure 36. 

5 La figure 37 schematise un systeme constitue d'un ensemble d'unites 

de calcul d'histogramme polyvalente susceptible de traiter des informations 

provenant de trois directions, respectivement V1, V2 et V3 pouvant 

representer un espace tridimensionnel. On peut ainsi gerer des donnees de 

perception volumique et les utiliser dans le domaine de la robotique. 

10 XVII. Interface de gestion de l'application (A.P.1.) 

L'interface de gestion de !'application (AP.I. - Application Programm 

Interface) representee sur la figure 38 permet de fournir a systeme complet ou 

processeur de perception visuelle generique compose d'un certain nombre de 

d'unites de calcul d'histogramme polyvalentes, !'ensemble des parametres 

15 exterieurs dont ii a besoin. On assure ainsi sa configuration dynamique: 

L' annexe A qui est jointe, fait partie integrante de la description de la 

presente demande, elle fournit un diagramme fonctionnel de l'unite spatio­

temporelle API, !'interface graphique utilisatrice (GUI) API, la souris API et le 

1/0 API, ainsi que les differentes commandes API associees. 

20 Chacun des mnemoniques de commande est associe a un indice i 

correspondant au numero de l'unite de calcul d'histogramme polyvalente a 
laquelle ii est destine. II peut etre accompagne de parametres de 

configuration. 

Elle permet d'affecter les parametres DATA(A)... DATA(E) a des 

25 parametres reels de la scene observee. 

SELECT permet d'attribuer un parametre DATA(A) a une unite 

determinee. 

LEARNi permet d' effectuer I' apprentissage pour une d' unite de calcul 

d'histogramme polyvalente i. 

30 START assure !'initialisation d'une unite de calcul d'histogramme 

polyvalente. Cette commande configure la memoire 118 de classifieur 101. 

STOP assure l'arret de l'unite de calcul d'histogramme polyvalente. 

Elle est utilisee des qu'une unite de calcul d'histogramme est inactive. On 

reduit ainsi la consommation d'energie de !'ensemble. 
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AFCURV est la commande d' affichage de courbe commandant le 

commutateur 16 represents sur la figure 4. Sa commande inverse est 

CLCURV. 

AFMAP est la commande d'affichage de la retroannotation 

5 commandant le commutateur 17. Sa commande inverse est CLRMAP. 

MAP est la commande d'ecriture des registres 411 et 412 de l'unite de 

retroannotation 102. 

GETLRN est la commande assurant la recuperation du contenu des 

registres de retroannotation 411 et 412 apres l'apprentissage. 
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ANNEXE A 

Specifications API 
(Application Programming Interface) 

interface de programmation applicative (API} 
pour le Processeur de Perception Visuelle Generique : (GVPP} 

L'interface comporte 4 subdivisions pour GVPP: 
- Une API Bloc spatio-temporel 
- Une API graphique 
- Une API de gestion de la souris 
- Une API de gestion de la communication avec les peripheriques 

SELECT 

LEARN 

CLRSCR 

DPDATA 

DPNTER 

BUTTON 

MVCAM 

GETCAM 

MVMOT 

GETMOT 

. 
r 

-r 

-. 
. 
r 

. 
r 

. 

API 
Bloc spatio-temporel 

AP I Graphique 
lnterf ace generique 

Utilisateur (GUI) 

API souris 
lnterf ace generique 

Utilisateur (GUI) 

API Entrees/Sorties 
--

-

AFCURV 

CLCURV 

AFMAP 

CLRMAP 

GET 

START 

STOP 

MAP 

GETLRN 

SENDPC 

GETPC 
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Description des commandes de programmation applicatives 

API Bloc Spatio-temporel 

Elle regroupe !'ensemble des fonctions generiques utilisees pour initialiser, 
parametrer ou apprendre et demarrer le bloc ainsi que les fonctions pour recuperer 
les resultats de calcul. Le nom de la commande est suivi des parametres 
necessaires ecrit dans des registres definis. 

Fonctions : 

START: 

Role : Demarrage du calcul d'un bloc. 
Parametres : Numero du bloc concerns, valeur MIN, valeur MAX pour initialisation 

Prototype: 

STOP: 

Bloc3 equ 03 
MIN equ 10 
MAX equ 100 

START Bloc3 MIN MAX 
Entree - RO 

R1 
R2 

Sortie -

Role : Arret du calcul d'un bloc. 

numero du bloc 
valeur MIN 
valeur MAX 

Parametres : Numero du bloc concerns. 

Prototype: 

SELECT: 

Bloc3 equ 03 

STOP Bloc3 
Entree - RO 
Sortie -

equivalence Bloc3 est egal a la valeur 3 

numero du bloc 

Role : Selection du signal d'entree d'un bloc. Par example la luminance, la 
teinte, la saturation, !'orientation de lignes dans le plan ... etc. 

Parametres : Numero du bloc concerns, signal a selectionner. 

~, 1., 
( ' ,. 
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Prototype: 

GET: 

Bloc3 equ 03 
LUM equ 00 

SELECT Bloc3 LUM 

Entree -

Sortie -

RO 
R1 

38 

Numero du bloc 
Parametre d' entree 

Role : Recuperation des resultats de calcul. 
Parametres : Numero du bloc concerne, parametre(s) a recuperer. 

Prototype: 

LEARN: 

Bloc3 
MIN 
MAX 
RMAX 
POSRMX 
POSMOY 
NBPTS 

equ 03 
equ 00 
equ 01 
equ 02 
equ 03 
equ 04 
equ 05 

GET Bloc3 NBPTS 
Entree - RO 

R1 
Sortie - RO 

Numero du bloc 
Parametre d'entree 
valeur resultante de ce parametre 

Role : Passage d'un bloc en mode apprentissage. 
Parametres : Numero du bloc concerne. 

Prototype: 
Bloc3 equ 03 

LEARN Bloc3 
Entree - RO Numero du bloc 
Sortie -

MAP: 

Role : Programmation du bloc en fonction d'un apprentissage precedent pour 
changer de contexte. Recherche d'un autre evenement ou objet : 
ecriture de la matrice de retro annotation du bloc. 
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Parametres : Numero du bloc concerns, Combinaison logique des autres blocs 

associss; somme de termes produits (ET et OU). 

Prototype: 

GETLRN: 

Bloc3 equ 03 

MAP Bloc3 0F3 1AB 007 
Entree- RO 

Sortie-

R1 
R2 
R3 

Numero du bloc 
Premier terme produit 
Second terme produit 
........... suite 

Role : Lecture des resultats de l'apprentissage . 
Parametres : Numero du bloc concerns. 

Prototype: 

AFCURV: 

GETLRN 
Entree -
Sortie -

RO 
RO 
R1 
R2 
R3 
R4 

Numero du bloc 
MIN classification 
MAX Classification 
Premiere majeure association (terme produit) 
Seconde association 
.......... suite 

Role : Affichage de la courbe d'un bloc. 
Parametres : Numero du bloc concerne. 

Prototype: 
Bloc3 equ 03 

AFCURV Bloc3 
Entree - RO Numero du bloc 
Sortie -

CLCURV: 

Role : Effacement de la courbe d'un bloc. 
Parametres : Numero du bloc concerns. 
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Prototype: 
Bloc3 equ 03 

CLCURV Bloc3 
Entree - RO Numero du bloc 
Sortie -

AFMAP: 

Role : Affichage de la table de retro-annotation d'un bloc. 
Parametres : Numero du bloc concerne. 

Prototype: 
Bloc3 equ 03 

AFMAP Bloc3 
Entree - RO Numero du bloc 
Sortie -

CLRMAP: 

Role : Effacement de l'ecran de la table de retro-annotation d'un bloc. 
Parametres : Numero du bloc concerns. 

Prototype: 
Bloc3 equ 03 

CLRMAP Bloc3 
Entree - RO 
Sortie -

API Graphique 

CLRSCR: 

Role : Effacage de l'ecran. 
Parametres : Aucun. 

Prototype: 
CLRSCR 
Entree -
Sortie -

Numero du bloc 
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DPDATA: 

Role : Affichage des donnees a l'ecran. 
Parametres : Donnee a afficher et position a l'ecran. 

Prototype: 
DPDATA 
Entree-

Sortie-

RO 
R1 
R2 

AP I de gestion de la souris 

DPNTER: 

Code ASCII 
position ligne 
position colonne 

Role : Deplacer et afficher curseur. 
Parametres : Coordonnees. 

Prototype: 

BUTTON: 

DPNTER 
Entree-

Sortie-

RO 
R1 

Role : Generer un click curseur. 
Parametres : Boutton. 

Prototype: 

position ligne 
position colonne 

BUTTON 
Entree­
Sortie-RO nouvelle position des boutons 

API de gestion de la communication avec les peripheriques 

MVCAM: 

Role : Deplacer la camera. 
Parametres : Position et focus. 

Prototype: 
MVCAM 
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Entree -

Sortie -

GETCAM: 

RO 
R1 
R2 

42 
Xposition 
Y position 
Focus 

Role : Recuperer la position de la camera. 
Parametres : Aucun. 

Prototype: 

MVMOT: 

Role 
Parametre 

Prototype: 

GETMOT: 

GETCAM 
Entree­
Sortie- RO 

R1 
R2 

: Action moteur. 
: Sens+nombre de pas. 

MVCAM 
Entree -
Sortie -

RO 

X position 
Y position 
Focus 

Sens+nombre de pas 

Role : Recupere la position actuelle du moteur. 
Parametre : Non 

Prototype: 

SENDPC: 

GETMOT 
Entree -
Sortie - RO position 

Role : Envoyer une information au PC. 
Parametres : pointer sur !'information et nombre d'informations. 

Prototype: 
SENDPC 
Entree-

Sortie-

RO 
R1 

pointeur information 
nombre d'informations 
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GETPC: 

Role : Recuperer une informa~ion du PC. 
Parametres : Aucun. 

Prototype: 
GETPC 
Entree­
Sortie-RO information 

., 
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REVENDICATIONS 

1. Dispositif de perception automatique d'un evenement intervenant 

dans un espace par rapport a au mo ins un parametre, caracterise en ce qu' ii 

comporte une unite de contrble (513), un bus de donnees (510), un bus de 

5 retroannotation et au mains une unite de calcul d'histogramme pour le 

traitement dudit parametre. 

2. Dispositif de perception automatique selon la revendication 1, 

caracterise en ce qu'il comporte, pour trailer plusieurs parametres, plusieurs 

unites de calcul d'histogramme organisees en matrice. 

1 O 3. Dispositif de perception automatique selon l'une des revendications 

1 et 2, caracterise en ce que les unites de calcul d'histogramme traitent des 

donnees ai;t associees a des pixels formant ensemble un espace (i, j) 

multidimensionnel evoluant dans le temps et represents a une succession de 

moments {T), lesdites donnees parvenant a ladite unite de calcul sous la 

15 forme d'un signal DATA{A) numerique sous forme d'une suite aijt de nombre 

binaire de n bits associe a des signaux de synchronisation permettant de 

definir le moment donne {T) de I' espace et la position (i, j) du pixel dans eel 

espace, auquel le signal aiit rei;u a un instant donne {t) est associe, 

comprenant : 

20 - une memo ire d' analyse (100) comportant une memoire avec des 

adresses, chacune associee a des valeurs possibles des nombres de n bits 

du signal DAT A(A) et dont I' ecriture est contra lee par un signal " WRITE ", 

- un classifieur (101) comportant une memoire destinee a recevoir un 

critere C de selection du parametre DATA(A), recevant le signal DATA(A) en 

25 entree et fournissant, en sortie, un signal binaire de classification dont la 

valeur depend du resultat de la comparaison du signal DAT A(A) avec le 

critere (C) de selection, 

- une unite de retroannotation (102) recevant le signal de sortie du 

classifieur et, de l'exterieur de l'unite de calcul de l'histogramme, des signaux 

30 binaires de classification individuels concernant des parametres autres que 

DATA(A), ladite unite de retroannotation fournissant en sortie un signal de 

validation global positif lorsque I' ensemble des signaux de retroannotation 

individuels sont positifs, 

- une unite de test (103), 

35 - une unite de sortie d'analyse (104), 
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- un multiplexeur d'adresses (105), 

- une unite de validation d'incrementation (107), 

le compteur de chaque adresse de la memoire correspondant a la 

valeur (d) de aiit a un instant donne, etant incrementee d;une unite lorsque 

5 l'unite de retroannotation fournit en sortie un signal de validation global 

positif, 

l'unite (103) de calcul et de memorisation de donnees statistiques 

exploitant a la fin de la reception des donnees au, correspond ant a I' espace a 
un moment {T) le contenu de la memoire (100) pour mettre a jour l'unite de 

1 O sortie d' analyse 104, 

la memoire (100) etant effacee avant le debut de chaque trame pour un 

espace a un moment (T) par un signal d'initialisation" INIT", 

et qu' en outre : 

- la memoire du classifieur (101) est une memoire adressable 

15 permettant la mise a jour en temps reel du critere de selection (C) et ayant 

une entree de donnees DATA IN, une commande d'adresse ADRESS et une 

commande d' ecriture WR, recevant sur son entree la sortie de la memo ire 

d'analyse et un signal END sur sa commande d'ecriture, 

- les unites de traitement d'histogramme comportent, de plus, un 

20 multiplexeur d' entrees de donnees (108) ayant deux entrees et une sortie, 

recevant sur l'une de ses entrees un signal de comptage COUNTER et, sur 

l'autre de ses entrees, la suite de donnees aiit et fournissant en sortie la suite 

de donnees aiit a la commande d' adresse de la memoire du classifieur et un 

operateur OU commandant le multiplexeur d'adresses (105) et recevant sur 

25 ses entrees un signal d'initialistion INIT et le signal de fin END. 

4. Dispositif de perception automatique selon la revendication 3, 

caracterise en ce que l'espace (i, j) est a deux dimensions et que le signal 

DAT A(A) est associe aux pixels d' une succession d' images. 

5. Dispositif de perception automatique selon l'une quelconque des 

30 revendications 3 et 4, caracterise en ce que les unites de traitement 

d' histogram me comportent des moyens d' anticipation de la valeur du critere 

de selection (C). 

6. Dispositif de perception automatique selon la revendication 5, 

caracterise en ce que les moyens d' anticipation de la valeur du critere de 
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selection (C) comportent des memoires destinees a contenir les valeurs de 

parametres statistiques relatives a deux trames successives (To et T ). 
7. Dispositif de perception automatique selon la revendication 6, 

caracterise en ce que Jes parametres statistiques sont les valeurs moyennes 

5 des donnees aiit validees. 

8. Dispositif de perception automatique selon l'une quelconque des 

revendications 3 a 7, caracterise en ce que le registre de sortie d'analyse 

(104) des unites de calcul d'histogramme constitue et garde en memoire l'une 

au mains des valeurs suivantes : la valeur minimum " MIN ", la valeur 

1 0 maximum " MAX", le nombre maximum de pixels pour lesquels le signal Vijt a 

une valeur particuliere " RMAX", la valeur particuliere correspondante 

POSRMAX, le nombre total de pixels valides " NBPTS ". 

9. Dispositif de perception automatique selon l'une quelconque des 

revendications 3 a 8, caracterise en ce que le parametre statistique de 

15 comparaison utilise par le classifieur est RMAX/2. 

10. Dispositif de perception automatique selon l'une quelconque des 

revendications 3 a 8, caracterise en ce qu'il comporte un multiplexeur 

commands, pouvant recevoir en entree plusieurs parametres statistiques et 

que la nature de la comparaison faite par le classifieur depend de la 

20 commande de ce multiplexeur. 

11. Dispositif de perception automatique selon I' une quelconque des 

revendications 3 a 1 0 caracterise en ce que certaines unites de cal cul 

d'histogramme, au mains, comportent un multiplexeur d'apprentissage 

destine a recevoir un signal de commande exterieur et produisant un 

25 fonctionnement selon un mode d'apprentissage dans lequel les registres du 

classifieur et de I' unite de retroannotation sent effaces au debut de 

!'exploitation d'une trame et que le registre de sortie d'analyse fournit des 

valeurs caracteristiques de la sequence pour chacun de ces registres. 

12. Dispositif de perception automatique selon l'une quelconque des 

30 revendications 3 a 11, caracterise en ce que dans certaines unites de calcul 

d' histogramme, au mains, la memoire du classifieur (101) est constituee d'un 

ensemble de registres (D) independants comportant chacun une entree, une 

sortie et une commande d'ecriture, le nombre de ces registres (D) etant egal 

au nombre n de bits des nombres de la suite Vijt, et qu' elle comporte un 

35 decodeur permettant de sortir un signal de commande · d'ecriture 
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correspondant a la valeur d'entree (adresse) associee et un multiplexeur 

commande par cette valeur d'entree, permettant de lire le registre choisi. 

13. Dispositif de perception automatique selon l'une quelconque des 

revendications 3 a 12, caracterise en ce que certaines unites de calcul 

5 d'histogramme au mains, comportent des multiplexeurs, un d'entre eux etant 

associe a I' entree de chaque registre et des modules combinatoires reliant 

entre eux les registres, lesdits multiplexeurs permettant le choix entre 

l'ecriture sequentielle et une ecriture commune a taus les registres lies entre 

eux par les modules combinatoires. 

10 14. Dispositif de perception automatique selon l'une quelconque des 

revendications 3 a 13, caracterise en ce que dans certaines unites de calcul 

d' histogramme au mains, les modules combinatoires com portent un operateur 

morphologique de dilatation comportant une unite logique " OU u a trois 

entrees dont la premiere re~oit le signal de sortie du registre de rang " Q ", la 

15 deuxieme est reliee a la sortie d'une unite logique " ET" a deux entrees 

recevant respectivement le signal de sortie du registre de rang" Q+1 " et un 

signal de dilatation positive, la troisieme est reliee a la sortie d'une unite 

logique " ET" a deux entrees recevant respectivement le signal de sortie du 

registre de rang" Q-1 " et un signal de dilatation negative. 

20 15. Dispositif de perception automatique selon l'une quelconque des 

revendications 3 a 13, caracterise en ce que dans certaines unites de calcul 

d'histogramme au mains, Jes modules combinatoires comportent un operateur 

morphologique d'.erosion comportant une unite logique " ET" a trois entrees 

dont la premiere regoit le signal de sortie du registre de rang " Q ", la 

25 deuxieme est reliee a la sortie d'une unite logique" ET" dent une inversee a 
quatre entrees recevant respectivement le signal de sortie du registre de rang 

" Q ", le signal de sortie du registre de rang " Q-1 ", le signal de sortie du 

registre de rang " Q+1 " et un signal d' erosion positive, la troisieme est reliee 

a la sortie d'une unite logique " ET" a quatre entrees dont une inversee 

30 recevant respectivement le signal de sortie du registre de rang " Q ", le signal 

de sortie du registre de rang " Q-1 ", le signal de sortie du registre de rang 

" Q+1 " et un signal d' erosion negative. 

16. Dispositif de perception automatique selon l'une quelconque des 

revendications 14 et 15, caracterise en ce que dans certaines unites de calcul 

35 d'histogramme au mains, chaque module combinatoire comporte un 
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multiplexeur associant un operateur morphologique d'erosion et un operateur 

morphologique d'erosion. 

17. Precede de perception automatique d'un evenement intervenant 

dans un espace par rapport a au mains un parametre consistant a le 

5 digitaliser et a le fournir en entree a une unite de calcul d'histogramme pour 

former un histogramme representatif du parametre et en deduire le resultat 

desire. 

18. Precede selon la revendication 17, caracterise en ce que 

I' evenement est represente par plusieurs para metres et que le resultat 

10 provient de plusieurs unites de calcul d'histogramme. 

19. Precede d'analyse conforme a l'une des revendications 17 et 18 

d'un parametre representatif d'un evenement dans un dispositif electronique 

comprenant un calcul d'histogramme sur des donnees aiit associees a des 

pixels formant ensemble un espace (i, j) multidimensionnel evoluant dans le 

15 temps et represente a une succession de moments (T), lesdites donnees 

parvenant a ladite unite de calcul sous la forme d'un signal DATA(A) 

numerique sous forme d'une suite aijt de nombre binaire de n bits associe a 
des signaux de synchronisation permettant de definir le moment donne (T) de 

l'espace et la position (i, j) du pixel dans cet espace, auquel le signal aiit rec;u 

20 a un instant donne (t) est associe dans lequel 

- on associe a chaque donnee aijt un signal binaire de classification 

dent la valeur depend du resultat de la comparaison du signal DAT A(A) avec 

le critere {C) de selection, 

- on constitue une repartition statistique des donnees aiit pour un 

25 moment (T) donne pour lesquelles un signal de validation global est positif, 

I edit signal de validation global etant constitue d' un ensemble de sign aux de 

retroannotation individuals chacun correspondant a un parametre DATA{A), 

DATA(B),... DATA(E), resultant de la comparaison entre un critere de 

retroannotation R et de son signal de classification et etant positif. 

30 20. Precede d'analyse d'un parametre selon la revendication 19, 

caracterise en ce que I' espace (i, j) est a deux dimensions et que le signal 

DATA(A) est associe aux pixels d'une succession d'images. 

21. Precede d'analyse d'un parametre selon l'une des revendications 

19 et 20, caracterise en ce que le critere de classification (C) est mis a jour, 

35 en temps reel, en fonction de la repartition statistique. 
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22. Precede d'analyse d'un parametre selon la revendication 21, 

caracterise en ce que la mise a jour du critere de classification (C) depend de 

I' evolution de la vateur moyenne du para metre aiit valide entre deux trames 

successives (To et T 1 ). 

5 23. Precede d' analyse d' un parametre selon I' une quelconque des 

revendications 20 a 22, caracterise en ce que la mise a jour du critere de 

classification (C) est anticipee. 

24. Precede d'analyse d'un parametre selon la revendication 23, 

caracterise en ce que !'anticipation de la mise a jour du critere de 

10 classification (C) resulte d'applications successives d'un operateur de 

dilatation et d'un operateur d'eresion, chacun d'eux, un nombre de fois et 

dans un sens dependant de !'evolution de la valeur moyenne du parametre aiit 

valide entre deux trames successives (To et T1). 

25. Precede d'analyse d'un parametre selon l'une quelconque des 

15 revendications 19 a 24, caracterise en ce que le critere de retroannotation (R) 

est complexe. 

20 

26. Precede d'analyse d'un parametre selon l'une quelconque des 

revendications 19 a 25, caracterise en ce que le critere de retroannotation (R) 

est automatiquement propose a la suite d'une etape d' apprentissage. 

Le Mandataire 
Cabinet HARLE & PHELIP 
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Feumes recttflees 
1 

L' invention concerne un proc~de et un dis posit if de perception 

automatique·. Le dispositif comporte une unite de calcul d'histogramme, de 

preference auto-adaptative eventuellement avec anticipation et 

apprentissage. lls sont plus particulierement destines a la perception et au 

5 traitement d' images. 

On connait des precedes et des dispositifs de traitement d' images 

permettant, en temps reel, de reconnaitre, de localiser et/ou d'extraire des 

objets correspondants a certains criteres de leur contexte. 

Les criteres de selections peuvent etre extremement varies. II peut 

10 s'agir d'une vitesse, d'une forme, d'une couleur ... ou d'une combinaison de 

ces criteres. 

Ces precedes et dispositifs peuvent etre utilises pour faciliter 

!'apprehension d'une scene au d'un phenomena par un observateur au pour 

commander un automatisme a partir des informations ainsi extraites. 

15 De tels precedes et dispositif s sont par example decrits dans les 

publications suivantes FR-2.611.063 et WO-98/05002. 

Certains de ces procedes et dispositifs mettent en c:euvre une unite de 

traitement spatial et temporel qui, recevant un signal S(PI) de type video, 

produit un certains nombre de parametres pour chaque pixel. II s'agit par 

20 example de la vitesse V, de la direction DL, d'une constante de temps CO, et 

d'un parametre binaire de validation VL en plus du signal video retarde VR et 

des differents signaux de synchronisation de trame, de ligne et de pixel 

regroupes sous la denomination F. 

Dans de tels dispositifs, on a deja souligne l'interet de constituer des 

25 histogrammes de ces parametres permettant la constitution la manipulation et 

!'exploitation d'informations statistiques. 

Le but de ces precedes et de ces dispositifs de traitement d'images est 

de fournir en sortie un signal S'(t) qui porte pour chaque pixel une information 

significative du resultat de I' application de criteres de reconnaissance au de 

30 selection. Ces criteres sent predefinis ou elabores par les precedes et 

dispositifs <=,le traitements d'images eux memes. ,,. 
On connait en particulier un tel precede et un tel dispositif ~ dans 

la demande de brevet WO-98/05002, deja citee 
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d !Ii ereby certify that this correspondence is being deposited with the United PATENT 

Attorney Docket No.: 20046H-000100US 
Client Ref. No.: 308L US 3772 

States Postal Seivice as first class mail in an envelope addressed to: 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450. 

On _____ ~A=u=gu=st~2=6-200~4 _____ _ 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: 

Patrick Pirim 

Application No.: 09/792,436 

Filed: February 23, 2001 

For: METHOD AND DEVICE FOR 
AUTOMATIC VISUAL PERCEPTION 

Customer No.: 20350 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Confirmation No. 9956 

Examiner: George B. Davis 

Technology Center/ Art Unit: 2122 

AMENDMENT 

09/01/2004 WASFAW1 00000042 201430 09792436 

01 FC:1201 
02 FC:1202 

86.00 DA 
18.00 DA 

In responl)e to the Office Action mailed March 26, 2004, please enter the 

following amendments and remarks: 

Amendments to the Specification begin on page 2 of this paper. 

Amendments to the Claims are reflected in the listing of claims which begins on page 7 of this 
paper. ! 

I 

Amendments to the Drawings begin on page 16 of this paper and include both an attached 
replacement sheet and an annotated sheet showi1~g changes. 

Remarks/Arguments begin on page 17 of this paper. 

An Appendix including amended drawing figures is attached following page 17 of this paper. 
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Appl. No. 09/792,436 PATENT 
Arndt. dated August 26, 2004 
Reply to Office Action of March 26, 2004 

Amendments to the Specification: 

Please amend the paragraph beginning at page 7, line 6 as follows: 

-Figures 13 aad 13e 13a and 13d are representations of an enabling counter fitted with several 

adapting modules according to alternate embodiments of the present invention; 

Please amend the paragraph beginning at page 7, line 8 as follows: 

- Figure~ 13a 0.Jle 13b 13b and 13c are representations of statistical distributions of a parameter 

and classification criteria; 

Please amend the paragraph beginning at page 7, line 12 as follows: 

-Figure [[15]] 15a is a diagram representing the elements of a self-adapting histogram 

calculation unit with anticipation according to a first embodiment; 

Please amend the paragraph beginning at page 7, line 14 as follows: 

- Figure [[15a]] 15b is a diagram representing the elements of a self-adapting histogram 

calculation unit with anticipation according to an alternate embodiment; 

Please amend the paragraph beginning at page 8, line 17 as follows: 

- Figure [[31]] 31 a is the representation of the use of a single programmable histogram 

calculation unit with a multiplexer enabling the calculation unit to process any of a number of 

parameters according to one embodiment of the present invention; 

Please amend the paragraph beginning at page 8, line 20 as follows: 

- Figure [[31 a]] 31 b is a representation of a histogram calculation unit called as well an 

electronic spatio-temporal neuron; 

Please amend the paragraph beginning at page 19, line 2 as follows: 

Figure [[13]] 13a represents an alternative embodiment of the classifier 101 including a 

multiplexer 120 that is controlled by a selection control signal 124. Classifier 101 enables 

comparison of the parameter P to a statistical value Q, which can be prepared in various ways in 

relation to the statistical parameters received on the different inputs 0, 1, 2, 3 of multiplexer 120, 
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Appl. No. 09/792,436 PATENT 
Arndt. dated August 26, 2004 
Reply to Office Action of March 26, 2004 · 

which are selected by the selection control signal 124, which depends on the content of the 

register 'SELECTION'. The input O of the multiplexer 120 receives the value RMAX/2 

produced on the basis of the data in the analysis output register 104 by the divider circuit 121, 

the input 1 of the multiplexer 120 receives directly the value RMAX, the input 2 of the 

multiplexer 120 receives a threshold value contained in a register 'THRESHOLD' 123 whose 

content is programmed outside the system, and the input 3 of multiplexer 120 receives the 

quotient of the number of points NBPTS by the THRESHOLD 123 produced by the divider 

circuit 122. 

Please amend the paragraph beginning at page 19, line 14 as follows: 

Therefore, as represented on Figure [[13]] 13a, the parameter P can be compared to the 

respective values RMAX/2, RMAX, at a threshold B input from the outside and in proportion to 

the number of points NBPTS attached to this threshold by the divider 122. It will be apparent 

that other input values may be used, e.g., any values from registers 104. 

Please amend the paragraph beginning at page 19, line 23 as follows: 

Figures 13a, lJb, 13e represents 13b. 13c and 13d represent another embodiment of a classifier 

in which the cumulative total of events is used in a histogram instead of the levels. The 

classification boundaries are defined, for example, by the use of a register RMAX, corresponding 

to a maximum of events for the analyzed parameter, and in searching for the parameter values 

for RMAX/2. On both sides of the RMAX position, these values correspond to limit A and limit 

B of the classifier. 

Please amend the paragraph beginning at page 19, line 29 as follows: 

Hence, the RMAX register such as it is operated in the second embodiment of the classifier, is 

replaced here by the register NBPTS, corresponding to the total cumulative result of events 

(Figure [[13a]] 13b). By removing a percentage k ofNBPTS on both sides of the histogram, the 

limits A and B become more stable (Figure [[13b]] 13c). 

Please amend the paragraph beginning at page 20, line 1 as follows: 
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Appl. No. 09/792,436 
Arndt. dated August 26, 2004 
Reply to Office Action of March 26, 2004 

The device represented in Figure [[13c]] 13d carries out this function. 

Please amend the paragraph beginning at page 20, line 2 as follows: 

PATENT 

In Figure [[13c]] 13d, the analysis memory 100 and the command of the address multiplexer 105 

are present. The analysis output register 104 operates as described above using the number of 

points NBPTS 1041 and, in general, the limit A 1042 and the limit B 1043 as well. 

Please amend the paragraph beginning at page 23, line 2 as follows: 

Figure [[15]] 15a illustrates a circuit according to one embodiment that is configured to 

implement anticipation. The memory 118 is that described previously with reference to Figure 

16. 

Please amend the paragraph beginning at page 23, line 11 as follows: 

Figure [[15a]] 15b illustrates a circuit according to an alternate embodiment that is configured to 

implement anticipation. In this embodiment, calculation unit 31 0a is similar to calculation unit 

310, but with improved performance by providing different functionality with respect to the 

offset of the value of the parameter supplying memory 118. Calculation unit 310 of Figure 

[[15]] 15a provides an offset determined by a function of the form y=x, where xis IPOSMOY0 

minus POSMOYtl (PO-Pl). Calculation unit 310 of Figure 15a or 310a of Figure [[15]] 15b can 

provide for an offset determined by functions of the form y=ax+b, where a (e.g., kl and k2) and 

b (e.g., cl and c2) are adjustable constants provided, for example, by an on-chip controller. It 

will, of course, be apparent that any other function of the POSMOY values can be used as 

desired, such as y=ax2
• In one embodiment, for example, a multiplexer unit can be implemented 

to receive as input to the two functions of POSMOY, namely kl *IP0-P 1 l+c 1 and k2*IP0-P l l+c2, 

and provides one as output based on the value of the control signal "Clock" to control translator 

311. 

Please amend the paragraph beginning at page 33, line 5 as follows: 
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Appl. No. 09/792,436 PATENT 
Arndt. dated August 26, 2004 
Reply to Office Action of March 26, 2004 

In summary, as represented on Figure [[3la]] 3 lb, for the parameter A, each histogram 

calculation unit IA, 18 , ... , IE processes one ofthe•data DATA(A), DATA(B), ... , DATA(E) by 

the corresponding function (fog)A ... to produce individually an output value (1015)A ... and all 

together, the time coincidence available on the bus 111. At the same time, the analysis output 

register 104A is fed. 

Please amend the paragraph beginning at page 33, line 13 as follows: 

In the embodiment shown on Figure [[31]] 31a, the different parameters DATA(A) ... DATA(E) 

feed an input multiplexer 500 that is controlled by a register 501. The register 501 is updated by 

the command SELECT 502. In one embodiment, a learning multiplexer 503 is optionally 

provided for implementing the learning function as previously described. In this embodiment, It 

is thus possible to use a single histogram calculation unit 1 to process any of the different 

parameters A, B, C ... E that are addressed by a bus 510 in relation to the SELECT command 

502. The controlled learning multiplexer 503 receives, according to the status of the learning 

command of the histogram calculation unit i, LEARNi, either the time coincidences information 

transmitted by the bus 111, or the information originating from the input multiplexer 500. Figure 

40 illustrates a functional block diagram of multiple histogram calculation units la (e.g., from 

Figure [[31 ]] 31 a) according to an embodiment of the present invention. As shown, each 

histogram calculation unit 1 a is connected to data bus 510, which provides the various 

parameters for processing, and to bus 11 which provides the classification signals 101 s and the 

learning function signals to the various units la. Each histogram calculation unit la includes 

memory 100, classifier 101 and time coincidences unit 102, and each unit 1 a is capable of 

implementing the automatic classification, anticipation and/or learning functionality as 

previously described herein. It will be apparent that multiple histogram calculation units 1 can 

be operating in the operation mode while one or several of the remaining histogram calculation 

units 1 are operating in the learning mode. 

Please amend the paragraph beginning at page 34, line 3. as follows: 

In one embodiment, a histogram calculation unit is time-shared among different parameters 

during each frame. For example, with reference to Figure [[3 l]] 3 la, histogram calculation unit 
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Appl. No. 09/792,436 PATENT 
Arndt. dated August 26, 2004 
Reply to Office Action of March 26, 2004 

1 according to this embodiment calculates histograms and associated statistics for two or more 

parameters ( e.g., Data (A) and Data (C)) during each frame. Multiplexer 500, in this 

embodiment, is capable of time multiplexing the various parameters. In this manner, fewer 

histogram calculation units are needed for processing the desired parameters, thereby reducing 

the amount of silicon required for producing the required number of histogram calculation units. 
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Reply to Office Action of March 26, 2004 

Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings of claims in the application: 

Listing of Claims: 

1. (Currently Amended) A visual perception processor for automatically 

detecting an event occurring in a multidimensional space (i,j) evolving over time with respect to 

at least one digitized parameter in the form of a digital signal on a data bus, said digital signal 

being in the form of a succession atiI of binary numbers associated with synchronization signals 

enabling to define a given instant (T) of the multidimensional space and the position (i,j) in this 

space, the visual perception processor comprising: 

[[a]] the data bus; 

a control unit 

a time coincidences bus carrying at least a time coincidence signal; and 

at least two or more histogram calculation units for the treatment of the at least 

one parameter, that reeeive the data DATA(A), DATA(B), ... DATA(E) Yia the data eus and 

supply elassifieation information to the single tim.e eoineidenees bus 

the histogram calculation units being configured to form a histogram 

representative of the parameter as a function of a validation signal and to determine by 

classification a binary classification signal resulting from a comparison of the parameter and a 

selection criterion C, wherein the classification signal is sent to the time coincidences bus, and 

wherein the validation signal is produced from time coincidences signals from the time 

coincidence bus so that the calculation of the histogram depends on the classification signals 

carried by the time coincidence bus. 

2. (Currently Amended) A visual perception processor according to claim 1, 

further comprising, to process several parameters, several histogram calculation units organized 

into a matrix, wherein each of the calculation units is c.onnected to the data bus and to the time 

coincidences bm,'>vherein the histogram ealeulation uaits are organi2;ed into a matrix. 

Page 7 of 18 



Petitioner LG Ex-1004, 0208

Appl. No. 09/792,436 PATENT 
Arndt. dated August 26, 2004 
Reply to Office Action of March 26, 2004 

1 3. (Currently Amended) A visual perception processor, comprising: 

2 aeeordiflg to elaim 1, 

3 a data bus: 

4 a time coincidences bus: and 

5 two or more histogram calculation units that receive the data DATA(A), 

6 DATA(B),. .. DATA(E) via the data bus and supply classification information to the single time 

7 coincidences bus, 

8 wherein at least one of said two or more histogram calculation unit processes data 

9 aijT associated with pixels forming together a multidimensional space (i, j) evolving over with. the 

10 coarse of time and represented at a succession of instants (T), wherein said data reaches said at 

11 least one calculation unit in the form of a digital signal DATA(A) in the form of a succession aijT 

12 of binary numbers of n bits associated with synchronization signals enabling to define the given 

13 instant (T) of the multidimensional space and the position (i, j) of the ~ pixels in this space, to 

14 which the signal aijT received at a given instant (T) is associated, said unit comprising: 

15 an analysis memory including a memory with addresses, each address 

16 associated with possible values of the numbers ofn bits of the signal DATA(A) and whose 

17 writing process is controlled by a WRITE signal; 

18 a classifier unit comprising a memory intended for receiving a selection 

19 criterion C of the parameter DATA(A), said classifier unit receiving the signal DATA(A) at the 

20 input and outputting a binary output signal having a value that the valae ofv,rhieh. depends on 

21 [[the]]~ result of the comparison of the signal DATA(A) with the selection criterion C; 

22 a time coincidences unit that receives the output signal from the classifier 

23 unit and, from outside the histogram calculation unit, individual binary enabling signals affecting 

24 parameters other than DATA(A), wherein said time coincidences unit outputs a positive global 

25 enabling signal when all the individual time coincidences signals are positive; 

26 a test unit; 

27 an analysis output unit including output memory; 

28 · an address multiplexer; 
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29 an incrementation enabling unit; and 

30 a learning multiplexer; 

31 wherein [[the]] ~ counter of each address in the memory corresponds to the value 

32 d of [[ aijt]] ~ at a given instant, which is incremented by one unit when the time coincidences 

33 unit outputs a positive global enabling signal; 

34 wherein the test unit iateaded is provided for calculating and storing statistical 

35 data processes, after receiving the data [[au1]] 9:iiI corresponding to the space at an instant T, 

36 [[the]] g content of the analysis memory in order to update the output memory of the analysis 

37 output unit, wherein the output memory is deleted before [[the]] g beginning of each frame for a 

38 space at an instant T by an initialization signal; 

39 wherein the learning multiplexer is configured to receive an external command 

40 signal and initiate an operation according to a learning mode in which registers of the classifier 

41 unit and of the time coincidences unit are deleted when starting to process a frame, wherein the 

42 analysis output register unit supplies values typical of [[the]] g sequence of each of these 

43 registers. 

4. (Currently Amended) A visual perception processor according to claim 3, 

2 wherein the memory of the classifier is an addressable memory enabling real time updating of 

3 the selection criterion C and having a data input register, an address command register and a 

4 writing command register, receiving on its input register the output from the analysis memory 

5 and a signal End on its writing command register, the processor further comprising a data input 

6 multiplexer with two inputs and one output, receiving on one of its inputs a counting signal and 

7 on its other input the succession of data [[ au1]] ~iiI to the address command of the memory of the 

8 classifier and an operator OR controlling the address multiplexer and receiving on its inputs an 

9 initialization signal and the end signal END. 

1 5. (Original) A visual perception proc~ssor according to claim 4, wherein 

2 the space (i, j) is two-dimensional and wherein the signal DATA(A) is associated with the pixels 

3 of a succession of images. 
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6. (Original) A visual perception processor according to claim 3, further 

2 comprising means for anticipating the value of the classification criterion C. 

7. (Original) A visual perception processor according to claim 6, wherein 

2 the means for anticipating the value of the classification criterion C comprises memories 

3 intended for containing the values of statistical parameters relating to two successive frames To 

8. (Currently Amended) A visual perception processor according to claim 7, 

2 wherein the statistical parameters are the average values of the data [[ au1]] ~fil enabled. 

9. (Currently Amended) A visual perception processor according to elaim-s 

2 claim 3, wherein the analysis output register stores in its memory at least one of the following 

3 values: the minimum 'MIN', the maximum 'MAX', the maximum number of pixels for which 

4 the signal V ijt has a particular value 'RMAX', the particular value corresponding POSRMAX, 

5 and the total number of enables pixels 'NBPTS'. 

1 10. (Original) A visual perception processor according to claim 3, wherein 

2 the statistical comparison parameter used by the classifier is RMAX/2. 

11. (Original) A visual perception processor according to claim 3, further 

2 comprising a control multiplexer configured to receive at its input several statistical parameters 

3 and wherein the comparison made by the classifier depends on a command issued by the control 

4 multiplexer. 

12. (Original) A visual perception processor according to claim 3, wherein 

2 the memory of the classifier includes a set of independent registers D, each comprising one 

3 input, one output and one writing command register, wherein the number of these registers D is 

4 equal to the number n of bits of the numbers of the succession V ijt, the classifier further 

5 comprising a decoder configured to output a command signal corresponding to the related input 
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value (address) and a multiplexer controlled by this input value, thus enabling to read the chosen 

register. 

13. (Original) A visual perception processor according to claim 12, further 

co~prising register input multiplexers, each being associated with the input of a register, and 

combinatory modules connecting the registers to one another, wherein the register input 

multiplexers are configured to choose between a sequential writing mode and a writing mode 

common to all the registers connected together by the combinatory modules. 

14. (Original) A visual perception processor according to claim 13, wherein 

2 the combinatory modules comprise a morphological expansion operator including a three-input 

3 logic unit 'OR', wherein the first input unit receives the output signal of the 'Q' -order register, 

4 wherein the second input unit is connected to the output of a two-input logic unit 'AND' 

5 receiving respectively the output signal of the 'Q+ 1 '-order register and a positive expansion 

6 signal, and wherein the third input unit is connected to the output of a two-input logic unit 

7 'AND' receiving respectively the output signal of the 'Q-1 '-order register and a negative 

8 expansion signal. 

15. (Original) A visual perception processor according to claim 14, wherein 

2 the combinatory modules comprise a morphological erosion operator including a three-input 

3 logic unit 'AND', wherein the first input unit receives the output signal of the 'Q'-order register, 

4 wherein the second input unit is connected to the output of a logic unit 'AND', wherein one four-

5 input reverse receives respectively the output signal of the 'Q' -order register, the output signal of 

6 the 'Q-1 '-order register, the output signal of the 'Q+ 1 '-order register and a negative erosion 

7 signal, and wherein the third input unit is connected to the output of a four-input logic unit 

8 'AND', wherein one reverse receives respectively the output signal of the 'Q' -order register, the 

9 output signal of the 'Q-1 '-order register, the output signal of the 'Q+ l '-order register and a 

10 negative erosion signal. 
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16. (Original) A histogram calculation unit according to claim 14, wherein 

2 each combinatory module comprises a multiplexer associating a morphological expansion 

3 operator and a morphological erosion operator. 

17. (Original) A device for detecting one or more events including aural 

2 and/or visual phenomena, the device comprising: 

3 a controller coupled to a controller bus and a transfer bus; 

4 an input portal adapted to receive data describing one or more parameters of the 

5 event being detected; and 

6 a data processing block coupled to the input portal, the transfer bus and the 

7 controller bus, the data processing block including: 

8 a histogram unit coupled to the input portal and configured to calculate a 

9 histogram for a selected parameter; 

10 a classification unit coupled to the input portal and the histogram unit, and 

11 configured to determine the data in the histogram that satisfy a selected criterion, and to generate 

12 an output accordingly, the classification unit supplying the output to the transfer bus; and 

13 a coincidence unit coupled to receive the output of the classification unit from the 

14 transfer bus and to receive selected coincidence criteria from the controller bus, the coincidence 

15 unit being configured to generate an enable signal for the histogram unit when the output of the 

16 classification unit satisfies the selected coincidence criterion, 

17 wherein classification is performed automatically by processing statistical 

18 information associated with the calculated histogram. 

18. (Original) The device of claim 17, wherein the classification unit includes 

2 a memory table for storing selection criteria, and wherein automatic classification involves 

3 updating the selection criteria in the memory table based on the processed statistical information. 

19. (Original) The device of claim 18, wherein the processed statistical 

2 information includes a value RMAX defining the number of data points at the maximum of the 
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3 calculated histogram, and wherein automatic classification involves updating the selection 

4 criteria in.the memory table based on the value RMAX. 

20. (Original) The device of claim 17, wherein the classification unit includes 

2 a memory table for storing selection criteria, and wherein automatic classification involves 

3 changing an address input to the memory table based _on the processed statistical information. 

21. (Original) A device for detecting one or more events including aural 

2 and/or visual phenomena, the device comprising: 

3 a controller coupled to a controller bus and a transfer bus; 

4 an input multiplexer adapted to receive data describing one or more parameters of 

5 the event being detected, and to output data describing a selected one of the one or more 

6 parameters in response to a selection signal; and 

7 a data processing block coupled to the multiplexer, the transfer bus and the 

8 controller bus, the data processing block including: 

9 a histogram unit coupled to the input portal and configured to calculate a 

10 histogram for the selected parameter; 

11 a classification unit coupled to the input portal and the histogram unit, and 

12 configured to determine the data in the histogram that satisfy a selected criterion, and to generate 

13 an output accordingly, the classification unit supplying the output to the transfer bus; and 

14 a coincidence unit coupled to receive the output of the classification unit from the 

15 transfer bus and to receive selected coincidence criteria from the controller bus, the coincidence 

16 unit being configured to generate an enable signal for the histogram unit when the output of the 

17 classification unit satisfies the selected coincidence criterion. 

22. (Original) A device for detecting one or more events including aural 

2 and/or visual phenomena, the device comprising: 

3 a controller coupled to a controller bus and a transfer bus; 

4 an input portal adapted to receive data sets describing one or more parameters of 

5 the event being detected, each data set being associated with an instant of time; and 
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6 a data processing block coupled to the input portal, the transfer bus and the 

7 controller bus, the data processing block including: 

8 a histogram unit coupled to the input portal and configured to calculate a 

9 histogram for a selected parameter for a particular instant of time T 1; 

10 a classification unit coupled to the input portal and the histogram unit, and 

11 configured to determine the data in the histogram that satisfy a selected criterion, and to generate 

12 an output accordingly, the classification unit supplying the output to the transfer bus; and 

13 a coincidence unit coupled to receive the output of the classification unit from the 

14 transfer bus and to receive selected coincidence criteria from the controller bus, the coincidence 

15 unit being configured to generate an enable signal for the histogram unit when the output of the 

16 classification unit satisfies the selected coincidence criterion, 

17 wherein the classification unit automatically anticipates values associated with the 

18 selected parameter at a next instant of time T2 based on statistical information associated with 

19 the calculated histograms at time Tl and at a previous time TO. 

23. (Original) The device of claim 22, wherein the statistical information at 

2 each time TO and Tl includes a value POSMOY defined as the value, for a set_ of parameters, 

3 which is greater than or equal to half of the values of the set of parameters. 

24. (Original) The device of claim 23, wherein automatic anticipation is 

2 based on a function of POSMOY at TO minus POSMOY at Tl (PO-Pl). 

25. (Original) The device of claim 24, wherein the function includes one of 

2 Y=(P0-Pl), Y=a(P0-Pl)+b, and Y=a(P0-P1)2, where a and bare predetermined constants. 

26. (Original) The device of claim 25, wherein two or more of the functions 

2 are multiplexed. 

27. (Original) A method of analyzing parameters associated with an event by 

2 an electronic device, comprising: 
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3 a) receiving data sets representative of one or more parameters of the event being 

4 detected, each data set being associated with an instant of time; 

5 b) calculating, for each instant of time, a statistical distribution, defined as a 

6 histogram, of a selected parameter of the event being detected; 

7 c) classifying the data set by comparing its parameter values to classification 

8 criteria stored in a classification memory; 

9 d) enabling the calculating step when classified data satisfies predetermined time 

10 coincidence criteria; and 

11 e) anticipating values associated with the selected parameter for a next instant of 

12 time T2 based on statistical information associated with the calculated histograms at an instant of 

13 time Tl and at a previous instant of tirrie TO. 

28. (Original) A method of analyzing parameters associated with an event by 

2 an electronic device, comprising: 

3 a) receiving data representative of one or more parameters of the event being 

4 detected; 

5 b) calculating, for a given instant of time, a statistical distribution, defined as a 

6 histogram, of a selected parameter of the event being detected; 

7 c) classifying the data by comparing its value to classification criteria stored in a 

8 classification memory; 

9 d) enabling the calculating step when classified data satisfies predetermined time 

10 coincidence criteria; and 

11 . e) automatically updating, for each instant of time, the classification criteria 

12 stored in the classification memory based on statistical information associated with the 

13 histogram. 

29. A visual perception processor according to claim 3, wherein the histogram 

2 calculation units are organized into a matrix 
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REMARKS/ARGUMENTS 
Claims 1-28 were pending. Claims 1-4, 8 and 9 have been amended, and new 

claim 29 has been added. Therefore, upon entry of this amendment, which is respectfully 

requested, claims 1-29 will be pending. · 

The drawings wer~ objected to for various reasons. For Figures 6-11 and 21 it 

was stated that arrow heads at the input and output of devices, and the word "NO", were missing 

from connections. Additionally, it was stated that Figures 13, 15 and 31 should be renumbered 

as indicated. Appropriate correction has been made in the form of proposed amendments to the 

drawings. A red-lined version is included to show proposed changes. Additionally, correction to 

the specification to keep Figure numbers in conformity with the drawing changes has been made. 

Claims 3-16 were objected to because it was believed that claim 3 at line 29 

required a "wherein" before "the". Appropriate correction has been made. 

Claims 3-16 were rejected under 35 USC §112, second paragraph, as being 

indefinite as many limitations were alleged to lack antecedent basis. Appropriate correction has 

been made by amendments to claim 3. Additionally, amendments were made to claims 3, 4 and 

8 to correct for minor typographical errors. 

Applicant thanks the examiner for the allowance of claims 17-28. 

Claims 3-16 were indicated as being allowable if rewritten or amended to 

overcome the rejection under 35 USC §112, second paragraph. Responsive to this indication, 

appropriate correction has been made by way of amendments to claim 3. Additionally, claim 3 

has been rewritten in independent form. Accordingly, it is respectfully asserted that these claims 

are in condition for allowance. 

Claims 1 and 2 were rejected under 35 USC§ 102(b) as being anticipated by Ric 

Ka et al., U.S. patent No. 5,359,533 ("Ric Ka"). 

Applicant respectfully asserts that Ric Ka fails to teach or suggest the limitations 

as presently recited in claims 1 and 2. For example, Ric Ka fails to teach or suggest two or more 

histogram calculation units wherein the histogram calculation units are configured to form a 

histogram representative of the parameter as a function of a validation signal and to determine a 
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binary classification signal resulting from a comparison of the parameter and a selection criterion 

C, wherein the classification signal is sent to a time coincidences bus, and wherein the validation 

signal is produced from time coincidences signals such that the calculation of the histogram 

depends on the classification signals carried by the time coincidences bus, as is recited in claim 

1. The "start" and "hit" signals of Ric Ka do not suggest the digital signal aijT of the present 

invention. Also, there is no time coincidences bus between multiple units and the MTIA of Ric 

Ka cannot interact with another MTIA through such a time coincidences bus. Moreover, there is 

no teaching or motivation in Ric Ka to create a system in which the computation of a histogram 

in a histogram calculation unit may depend on the computations in other such units. 

Advantageously, in the present invention, the use of a time coincidences bus, which is shared 

between the histogram calculation units, allows for a time dependent amplification effect. 

Accordingly, it is respectfully asserted that Ric Ka, as well as the other cited references, fail to 

teach or suggest limitations of claim 1, and that this claim and dependent claim 2 are therefore 

novel and non-obvious. 

CONCLUSION 

In view of the foregoing, Applicants believe all claims now pending in this 

Application are in condition for allowance. The issuance of a formal Notice of Allowance at an 

early date is respectfully requested. 

If the Examiner believes a telephone conference would expedite prosecution of 

this application, please telephone the undersigned at 925-472-5000. 

TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, Eighth Floor 
San Francisco, California 94111-3834 
Tel: 925-472-5000 
Fax: 415-576-0300 
Attachments 
GTG:sea 
60190347 v1 

Respectfully submitted, 

fadA-r. 1/e..,/ 
Gerald T. Gray . - r 
Reg. No. 41,797 
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Amendments to the Drawings: 

The attached sheets of drawings includes changes to Figs. 6-11,13, 13a, 13b, 13c, 15, 15a, 21, 31 
and 31a. These sheets, which include Figs. 5-13, 13a, 13b, 13c, 15, 15a, 21, 30, 31 and 31a 
replace the original sheets including Figs. 5-13, 13a, 13b, 13c, 15, 15a, 21, 30, 31 and 3 la. · 

Attachment: Replacement Sheets 
Annotated Sheets Showing Changes 
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D Payment by credit card. Form PTO-2038 is attached. 

D The Director has already been authorized to charge fees in this application to a Deposit Account. 

[8J The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to 
Deposit Account Number 20-1430. · 

I have enclosed a duplicate copy of this sheet. 

I am the D applicant/inventor. 

D assignee of record of the entire interest. See 37 CFR 3.71 
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96). 

181 attorney or agent of record.. Registration Number 41,797 

D attorney or agent under 37 CFR 1.34(a). 

Registration number if acting under 37 CFR 1.34(8). __ . 

WARNING: Information on this form may become public. Credit card Information should not be included 
on this form. Provide credit card Information and authorization on PTO-2038. 

August26,2004 

Date 

Gerald T. Gray, Reg. No. 41,797 

Typed or printed name 

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more 
than one signalure is required, see below". 

"Total of forms are submitted. 

60293767 v1 

08/31/2004 WASFAWl 00000044 201430 0979243& 

01 FC:1252 420.00 DA 
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PATENT APPLICATION FEE DETERMINATION RECORD 
Effective October 1, 2000 

CLAIMS AS FILED - PART I 
Column 1 

TOTAL CLAIMS 

FOR NUMBER FILED NUMBER EXTRA 

TOTAL CHARGEABLE CLAIMS minus 20= • 

INDEPENDENT CLAIMS minus3= 

MULTIPLE DEPENDENT a.AIM PRESENT • 
• n the difference in column 1 is less than zero, enter "O" In column 2 

CLAIMS AS AMENDED - PART II 

PRESENT 
EXTRA 

... 

Column3 

PRESENT 
EXTRA 

= 

;;·· 

SMALL ENTITY 
TYPE c:::J.. .· 

RATE FEE 

BASIC FEE ~5.00 

X$92' 

. 
X40-

+13S- . .-
'TOTAL 

. . 

ADDI• 
RATE TIONAL 

FEE 
- X$9= . • -

X40: 

- , ~ ..... 
+13S.. 

,u,-. 
AOOIT. FEE 

RATE· .-,_ ~ . 

Palenl-Tl8domefl<Ollc:o, U.S. DEPAR'TMEN1'0fC:0MMERCE 
"U.S. GPO: --11lll30103 
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TRANS MITT AL 
FORM 

Application Number 

Filing Date 

First Named Inventor 

09/792,436 

February 23, 2001 

Pirim, Patrick 

~,~, 
'f ( 

PT0/$8/21 (02-04) 

(to be used for all ccrrespondence al!er /nil/al lillng) Art Unit 2121 
Examiner Name George B. Davis 

Total Number of Pages In This Submission 4 
Attorney Docket Number 20046H-000100US 

ENCLOSURES (Check all that apply) 

• Fee Transmittal Form • Orawing(s) • After Allowance Communication 
to Group 

• Fee Attached • Licensing-related Papers • Appeal Communication to Board 
of Appeals and Interferences r 

• AmendmenVReply • Petition • Appeal Communication to Group 
(Appeal Notice, Brief, Reply Brief) 

• Mer Final • Petition to Convert to a • Provisional Application Proprietary Information 

• Affidavits/declaration(s) • Power of Attorney, Revocation • Status Letter Change of Corre1spondence Address 

• Extension of Time Request • ~ Other Enclosure(st (please 
Terminal Disclaimer identify below): 

• Express Abandonment Request • Request for Refund 
Return Postcard; References Cited (2) 

r8J Information Disclosure Statement • CD, Number of CD(s) 

• Certified Copy of Priority I Remarks I The Commissioner is authorized to charge any additional fees to Deposit 

Document(s) Accoun t 20-1430. 

RECEIVED • Response to Missing Parts/ 
Incomplete Application 

JUN 2 8 2004 

• Response to Missing Parts ,. 

under 37 CFR 1.52 or 1.53 Technology Center 21-00 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT 
Firm Townsend and Townsend a nd Crew LLP 
or 
Individual name Gerald T. Gray Reg. No. 41 ,797 

Signature A .I~ -.I • ~ 
·Date June 17, 2004 

V 

CERTIFICATE OF TRANSMISSION/MAILING 

I hereby certify that this correspondence Is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with 
sufficient postage as first class mail In an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on 
the date shown below. 

Typed or printed name Marta R. Vanegas 

Signature 
Date June 17, 2004 

60242565 v1 
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I hereby certify that this correspondence is being deposited with the United 

S~k"S ·Postal' Service as fir1t class mail in an envelope addressed to: 

PATENT 
Attorney Docket No.: 20046H-000100US 

_.-0-.1--:::,P-..~ Client Reference No.: 308L US 3772 
Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

,11-- 2,oolr 
On _ _____.L._ _ ___ --l~-----'• 

TOWNSEND and TOWNSEND and CREW LLP 

By:_tvl!_~ __ !/'o.v.-_· --r-t-9©,g_ 
(J 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: 

Patrick Pirim 

Application No.: 09/792,436 

Filed: February 23, 2001 

Examiner: George B. Davis 

Art Unit: 2121 

SUPPLEMENTAL INFORMATION 
DISCLOSURE STATEMENT UNDER 37 
CFR § 1.97 and § 1.98 

For: METHOD AND DEVICE FOR 
AUTOMATIC VISUAL PERCEPTION RECEIVED 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 223 I 3-1450 

Sir: 

JUN 2 8 2004 
r· 

Technology Center 2100 

The references cited on attached form PTO/SB/08A are being called to the 

attention of the Examiner. Copies of the references are enclosed. 

It is respectfully requested that the cited references be expressly considered 

during the prosecution of this application, and the references be made ofrecord therein and 

appear among the "references cited" on any patent to issue therefrom. 

As provided for by 37 CFR l.97(g) and (h), no inference should be made that the 

information and references cited are prior art merely because they are in this statement and no 

representation is being made that a search has been conducted or that this statement encompasses 

all the possible relevant information. 
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Patrick Pirim 
Application No.: 09/792,436 
Page2 

PATENT 

This IDS is being filed before the mailing date of the final Office Action or 

Notice of Allowance. 

CERTIFICATION 

I hereby certify that no item of information contained in the Information 

Disclosure Statement filed herewith was cited in a communication from a foreign patent office in 

a counterpart foreign application, and, to my knowledge after making reasonable inquiry, no item 

of information contained in this Information Disclosure Statement was known to any individual 

designated in 3 7 CPR 1.56( c) more than three months prior to the filing of this Information 

Disclosure Statement. 

Applicant believes that no fee is required for submission of this statement. 

However, if a fee is required, the Commissioner is authorized to deduct such fee from the 

undersigned's Deposit Account No. 20-1430. Please deduct any additional fees from, or credit 

any overpayment to, the above-noted Deposit Account. 

TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, Eighth Floor 
San Francisco, California 94111-3834 
Tel: 925-472-5000 
Fax: 925-472-8895 
GTG:mrv 

60242432 v1 

Respectfully submitted, 

~J.fa.y 
Gerald T. Gray 
Reg. No. 41,797 
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le tor tonn 1449A/PTO 

•~- ORMATION DISCLOSURE 
·sTATEMENT BY APPLICANT 

(Use as many sheets as necessary) 

Sheet 1 of 1 

Appllcatlon Number 

FIiing Date 

First Named Inventor 

Art Unit 

Examiner Name 

Atlorney Docket Numl:>er 

Complete if Known . 

09/792,436 

February 23, 2001 

Pirim. Patrick 
2121 
Davis, Geer e B. 
20046H-000100US 

U.S. PATENT DOCUMENTS 
Documenl Number PubJlcaUon Dale Name of Palenlee cr Pages. Colurns, Unes, Where 

MM•DD-YYYY A!)plicanl of Cited Document Relevant Passages er Relevanl 

E,arririe, Cile 
No.

1 Nutr()er Kit\d Code2 11.,_J 
FIQUfe• Appear 

1 US-5,008,946 04-16-1991 Ando 
2 US-5,625,717 04-29-1997 Hashimoto et al. 

____ ,, ,.-'"' 
nr\ 61 IV L-L.J 

JUN 2 8 111114 
\_ 

-L--1-- f'nntor 1)1 nn 
_....,, 11 •-•-;,J - - --

FOREIGN PATENT DOCUMENTS 
Foreign Patent Document 

Name of Patentee or 
Pages, Co!Umns, Lines. 

Examiner Cite Publication Date Where Rerevanl 
Initials' No.1 

MM-DD-YYYY Applicant of Cited Passages or Relevant 
CounttyCode3 . Document Fl/lures AnnP-"r No.m"°' KIOOCotJc5 {/filvlown) 

~ 

LJ 
LJ 

~ 

[ 
Examiner I Date ) 
Signature Considered 
0

EXAMINER: Initial U reference considered, whether or not citation Is in conformance with MPEP 609. Draw line through citation if not in conformance and not 
considered. Include copy or this form with next communicelion to applicant. ' Applicant'5 unique citation designation number (optional). 1 See Kind Codes of 
USPTO Patent Documents at www uspto,gov or MPEP 901 .04. ' Enter Office that issued Iha document, by the two-letter code (WIPO Standard ST.3). ' For 
Japanese patent documents, the Indication of the year of the reign of the Emperor must precede the serial number of the patent document • Kind of document 
by the approp~ate S>f"bols as indicated on the document under WIPO Standard ST. 18 if possible. • Applicant Is to place a Check m811( here If English 
language Translation is attaehed. 

60242381 v1 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. 

o9n92,436 

20350 7590 

FILING DATE FIRST NAMED INVENTOR 

02123/2001 Parrick Pirim 

03/26/2004 

TOWNSEND AND TOWNSEND AND CREW, LLP 
TWO EMBARCADERO CENTER 
EIGHTH FLOOR 
SAN FRANCISCO, CA 94.111-3834 

UNITED STATES DEP.-\RTIIIENT OF COMMEROE 
Unlttd S1a1cs P11en1 and Trademark Omee 
Addras: COMMISSIONER FOR P.-\ TENTS 

t~;!:;!_•~•• nm-mo 
Ww,1,/.U.9,fUO.gO'tJ 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

20046H-OOO 100 9956 

EXAMINER 

DA VIS, GEORGE B 

ART UNIT PAPER NUMBER 

2121 

DATE MAILED: 03126/2004 

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

PT0-90C (Rev, 10/03) 
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"✓ • . : .·.-•. ~ 
Group Art Unit 

L-)'2.., f 

-The MAILJJ\!G DATE of this communication appears on the cover sheet beneath the correspondence address-

Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPl;IB"Y f'l_ 
OF THIS COMMUNICATION. 

MONTH($) FROM THE MAILING DATE 

- Extensions of time may be available under the provisions of 37 CFR 1.138(a). In no event, however. may a reply be timely liled after SIX (6) MONTHS 
from the mailing date of this communication. 

- If the period for reply specified above is less than lhiny (30) days, a reply within the statutory minimum of thiny (30) days will be considered timely. 
- If NO period for reply is specified above, such period shall, by default, expire SIX (6) MONTHS from the mailing dale of this communication . 
• Failure 10 reply within the set or extended period for reply will, by statute, cause the application to beoome ABANDONED (3S U.S.C. § 133). 

, Status 

D Responsive to communicalion(s) filed on ________________ _ _ _____ __ _ 

D This action is FINAL 

D Since this application is in concfrtion for allowance except for formal matters, prosecution as to the merits Is closed in 
accordance with the practice under Ex parte Quayle, 1935 C.D. 1 1; 453 0 .G. 213. 

Disposition of Claims 

)(claim(s) ·\ - 2--- g is/are pending in the application. 

Of the above claim(s)---- --=------ ----------- is/are withdrawn from consideration. 

b(ctalm(s) 17 - 2. i is/are allowed. 

)( Claim(s) - / 6 is/are rejected. 

D Claim(s)-------------------- ------is/are objected to. 

D Claim(s) are subject to restriction or election 
requirement. 

Application Papers 

D See the attached Notice of Draftsperson's Patent Drawing Review, PT0-948. 

• The proposed drawing correction, filed on _______ is D approved D disapproved. 

D The drawing(s) filed on _______ is/are objected to by the Examiner. 

D The specification is objected to by the Examiner. 

D The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. § 119 (aHd) 

)(Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 11 9(a)-(d). 

D All D Some• )(None of the CERTIFIED copies of the priority documents have been 

0 received. 
D received in Application No. (Series Code/Serial Number) _ __________ __ _ 

D received in this national stage application from the International Bureau (PCT Rule 1 7.2(a)). 

•certified copies not received: ______ ___________ _ _____ _ 

Attachment(s) 

')(Information Disclosure Statement(s). PT0-1449, Paper No(s).SJ 6«1tdJ 
)(Notice of Reference(s) Cited, PT0-892 

O Notice of Draftsperson's Patent Drawing Review, PT0-948 

U. S. Patent and Trademark Office 
PT0-326 (Rev. H7) 

Office Action Summary 

V .S. GPO. 1997-4»-221162717 

D Interview Summary, PT0-413 

D Notice of Informal Patent Application, PT0-152 
D Other ___ _ _________ _ 

Part of Paper No._-rr--

i 
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• 
Application/Control Number: 09/792436 

Art Unit: 2121 

DETAILED ACTION 

Drawings 

Page 2 

1. The drawings are objected to because Figures 6-11 and 21 should show arrow heads at 

the input and output of devices and the word "NO" is missing from connections. Fig. 13 should 

read "Fig. 13a". Fig. 13a should read "Fig. 13b". Fig. 13b should read "Fig. 13c". Fig. 13c 

should read "Fig. 13d". Fig. 15 should read "Fig. 15a". Fig. 15a should read "Fig. 15b". Fig. 31 

should read "Fig. 31 a". Fig. 31 a should read "Fig. 31 b". A proposed drawing correction or 

corrected drawings are required in reply to the Office action to avoid abandonment of the 

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

Claim Objections 

2. Claims 3-16 are objected to because of the following informalities: claim 3, line 29, 

before "the" insert -- wherein --. Appropriate correction is required. 

Claim Rejectious - 35 U.S.C. § 112 

3. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and 
distinctly claiming the subject matter which the applicant regards as his invention. 
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• 
Application/Control Number: 09/792436 

Art Unit: 2121 

• ) 
Page 3 

Claims 3-16 are rejected under 35 U.S.C. 112, second paragraph, as being indefinite for 

failing to particularly point out and distinctly claim the subject matter which applicant regards as 

the invention. 

16. 

Claim 3 recites the limitation "the course of time" in lines 3 and 4. 

Claim 3 recites the limitation "the space" and "the pixal" in line 7. 

Claim 3 recites the limitation "the value" and "the result of comparison" in lines 15 and 

Claim 3 recites the limitation "the classifier" in line 17. 

Claim 3 recites the limitation "the counter" in line 26. 

Claim 3 recites the limitation "the content of analysis memory" in lines 30 and 31. 

Claim 3 recites the limitation "the beginning of each frame" in line 32. 

Claim 3 recites the limitation "the analysis output register" and "the sequence" in line 3 7. 

There are insufficient antecedent basis for these limitations in the claim. 

4. The following is a quotation of the appropriate paragraphs of35 U.S.C. 102 that form the 

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

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

Claims 1 and 2 rejected under 35 U.S.C. 102(b) as being clearly anticipated by Ric Ka et 

al, U.S. Pat. No. 5359533. 
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• 
Application/Control Number: 09/792436 

Art Unit: 2121 

As per claim I, Ric discloses data bus, time coincidences bus and a histogram unit 

(column 5, lines 59-68 and column 6, lines 1-10). 

As per claim , Ric discloses histogram matrix ( device 7). 

Allowable Subject Matter 

Page4 

5. Claims 3-16 would be allowable ifrewritten or amended to overcome the rejection(s) 

under 35 U.S.C. 112, 2nd paragraph, set forth in this Office action. 

6. Claims 17-28 are allowed. 

7. Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to George Davis whose telephone number is (703) 305-3891. The examiner 

can normally be reached on Monday through Thursday from 8:00 am to 6:30 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Anil Khatri, can be reached on (703) 305-0282. The fax phone number for the 

organization where this application or proceeding is assigned is (703) 746-7240. 

Any inquiry of a general nature or relating to the status of this application or proceeding 

should be directed to the receptionist whose telephone number is (703) 305-3900. 
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• 
Application/Control Number: 09/792436 

Art Unit: 2121 

March 20, 2004 

Page 5 

c::::~~ 
GEORGE B. DAVIS 

PRIMARY PATENT EXAMINER 
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(54) nue: METHOD AND DEVICE FOR DETI!CTING DROWSINESS AND PREVENnNG A DRIVER OF A MOTOR VEHICLE 
FROM FALLING ASLEEP 

(54) Titre: PROCEOE ET DISPOSITIP POUR DETEC'IBR ET PREVENlR L'l!NDORMISSEMENT DU CONDUCTEUR D'UN 
VEHICULE AUTOMOBILE 

(57) Abstract 

The invention n:latcs to a method and device using an 
optoc:kctronic sen.sor(I0) in combination with an electronic 
unit ( 19), In acconlancc with Fn:nch patent application no. 
96.09420, filed on 26 July 1996 a11d International patent 
application (PCT) PCT/PR97/013S4 filed on 22 July 1997, 
arranged inside Ille motor vehicle. The sensor b adjun.cd 
in line with tho head of the driver ,itting in said motor 
vehicle at the samo time u lhc Inner rur-view mirror, 
which comprisca a ono-way mirror (9) behind which the 
SC11$01' (10) is positioned. After detecting the presence of a 
driver seated In the motor vehicle they frame fiRt the whole 
face and then the eyes of the driver In the video signal 
~ emitted by the sensor (10) aided by the electronic 
unit ( I 9) and then dctenninc the successive durations of 
blinking episodes, which are compaied with a limit wlue 
situated between one dunalion typical of an awake perwn 
and anOll1er duration typical of a drowsy person. A signal 
(IJBnsmittcd by an alarm unit 22) suitable for waking 1114 
driver is triggered when the duration of blinking exceeds the limlL 

8 

8 

21 

20 
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(57) Abngi 

Le p~t et le dispositif scion )'invention mettent en oeuvre un ensemble capteur optotlectronique (10) - unilt tlectronique (19), 
scion la demande de brevet ~s N° 96.09420 dtposu le 26 julllct 1996 et la demande de brevet international (P.C.T.) PCT/f'R97/01354 
dtposu le 22 juillct 1997, dispost ll l'intbieur du v~cule automobile, le cap1eur wmt orien~ vers la t!te du conducteur en place dans 
celui--ci en meme temps que le rftrovlseur inltrieur qui comporte un miroir sans tain (9) dcrrib'e lequel est dispoot le capteur (10). ns 
rtalisc:nt, apra d~on de la pr6icnce d'un conducteur en place dans le vthicule, le cadrage d'abonl du vi.sage cntier, pui.s des yeux, de 
celui--ci dans lcs tramcs du signal vidto cltbi~ par le capteur (10), grftce ~ J'uni~ tlcctronique (19), et ensuite la <Utermination des durtes 
succcssivcs des clignements des yeux, cel~I ttant comparees ll un scull compris cntre une telle dur= pour une personne tveill~ et une 
telle dur6e pour une personne somnolentc et un signal (mis par une alnnne (22) apte ll tveiller le conducteur ttant d6:lencht Jorsque la 
dur6e de ses clignements dtpasse !edit seun, 

UNIQUEMENT A TITRE D'INFORMATION 

Codes utili.sts pour identifier Jes Etats parties au PCT, sur !es pages de couverture des brochures publiant des demandcs 
intcmationalcs en veltll du PCT. 
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WO99/36894 PCT /FR99/00060 

PROCEDE ET DISPOSI11F POUR DETECTER ET PREVENIR L'ENDORMISSEMENT DU CONDUCTEUR D'UN 
VEHICULE AUTOMOBD.E 

La presente invention a pour objet un procede et un dispositif pour surveill~r en 

continu l'etat de vigilance du conducteur d'un vehicule automobile, afin de detecter et 

prevenir une tendance eventuelle A l'endonnissement de celui-ci. 

On sait qu'une proportion non negligeable, sinon imponante, des accidents .. sur 

5 route resultent de l'endormissement, total ou partiel (somnolence), du conducteur d'un 

vehicule automobile (auto particuliere, auto utilitaire, camionnette, camion), avec pour 

resultat de nombreux morts et blesses. 

On voit done l'interet, humain et economique, a eviter l'endonnissement d'un con­

ducteur en provoquant une alarme, notamment sonore, des que celui--ci tend A s'assoupir, 

10 afin de l'eveiller. 

Pour detecter la tendance a l'endormissement d'un conducteur, on a propose sur un 

vehicule automobile 

- d'une part, de detecter la variation de l'actionnement du volant par un conducteur qui 

tend a s'endormir et 

15 • d'autre part, de detecter la variation des deplacements verticaux des paupieres d'un 

conducteur qui tend A s'endonnir. 

La presente invention met en CEuvre une detection du second type (surveillance des 

deplacements des paupieres) et elle est basee sur une constatation physiologique, a savoir 

la modification de la duree des clignements des yeux, ainsi qu'eventuellement des inter-

20 valles de temps entre deux clignements success ifs, done la cadence des clignements, 

lorsqu'une personne passe de l'etat eveille a l'etat de somnolence precedant 

l'endormissement de celui-ci: la duree des clignements d'ceil d'une personne est de l'ordre 

de 100 A 200 ms (millisecondes) lorsqu'elle est eveillee et de l'ordre d~ 500 A 800 ms 

lorsqu'elle somnole, tandis que l'intervalle de temps separant deux clignements successifs, 

25 qui est sensiblement constant a l'etat eveille; varie da.ns une plage relativement large A 

l'etat somnolent. C'est la variation de la duree des clignements qui est essentiellement mise 

en CEuvre dans le cadre de l'invention. 

Le precede et le. dispositif selon l'invention decelent l'augmentation de la duree des 

clignements des yeux du conducteur et declenchent une alarme, sonore ou autre, lorsque 

30 cette duree depasse un seuil determine, compris en particulier entre 200 et 500 ms, par 

exemple egal a 350 ms, ce seuil etant eventuellement modifiable en fonction de la 

physiologie du conducteur. 

FEUILLE DE REMPLACEMENT (REGLE 26) 
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Dans Ia demande de brevet fran~s N° 96.09420 deposee le 26 juillet I 996 et la de­

mande de brevet international (P.C.T.) PCT/FR97 /01354 deposee le 22 juillet 1997, en 

invoquant la priorite de ladite demande de brevet fran~is, l'inventeur de ces deux 

demandes etant egalement l'inventeur de la presente invention, on a decrit un precede et un 

5 dispositif, fonctionnant en temps reel, pour le reperage et la localisation d'une zone en 

mouvement relatif dans une scene, ainsi que pour la determination de la vitesse et de la 

direction du deplacement. 

Parmi les applications envisagees de ce precede et ce dispositit: on a decrit, dans 

lesdites demandes de brevet, la mise en ~uvre de ceux-ci pour !'observation et la 

IO surveillance d'une zone constituee par la tete d'un conducteur automobile, afin de detecter 

et prevenir l'endormissement de celui-ci. 

Selon cette application particuliere des proccde et dispositif desdites demandes de 

brevet: 

- on produisait un signal video representatif, en temps reel, des images successives des 

15 yeux du conducteur ; 

- on traitait ce signal video pour, successivement et en continu, 

• detecter, dans !'image des yeux de ce conducteur, les deplacements verticaux des 

paupieres representatifs du clignement de celles--ci ; 

• determiner la cadence de ces deplacements verticaux et 

20 • reperer les cadences inferieures a un certain seuil, qui correspond sensiblement a la 

cadence de clignement a l'etat eveille du conducteur; et 

- on declenchait une alarme en cas de franchissement de ce seuil vers le bas par lesdites 

cadences, afin d'eveiller le conducteur. 

La presente invention a pour objet des perfectionnements aux precede et dispositif 

25 des demandes de brevet precitees, en ce qui conceme leur application a la surveillance 

d'un conducteur automobile, afin de detecter sa tendance eventuelle a l'endormissement. 

Ainsi l'anicle de Hiroshi Ueno et al. intitule « Development of drowsiness detec­

tion system», publie dans la rewe de !'Institute of Electrical and Electronics Engineers 

(IEEE) du 31 aout 1994 pages 15-20, analyse les differentes techniques de detection de 

30 l'assoupissement du conducteur d'un vehicule automobile au volant. En particulier on 

mentionne la mise en ~uvre d'une camera video associee a un calculateur de traitement de 

!'image video, au moyen d'un logiciel realisant, d'une part, la detection du visage du con-
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ducteur. notamment d'un rectangle englobant un oeil, et, d'autre part. du rapport 

des durees des yeux ouverts et des yeux fermes pour determiner des criteres 

d 'endonnissement. 

La demande de brevet allemand publiee DE 197 15519 et la demande de 

5 brevet franc;ais publiee correspondante n° 2.747.346 decrivent un appareil et un 

precede d'estimation du niveau de somnolence du conducteur d'un vehicule mettant 

en oeuvre une camera video disposee aux pieds du conducteur du vehicule et un 

calculateur de traitement de I' image fournie par la camera, avec un logiciel qui 

detecte les clignements des yeux par determination du temps ecoule entre le debut 

10 et la fin des clignements. En particulier, une unite 10 du calculateur realise 

o la memorisation de l'image video et le traitement de celle-ci afin de detenniner 

une region comprenant Jes yeux du conducteur, 

o la detection de l'intervalle de temps entre la fermerure des paupieres du 

conducteur et l'ouverrure complete de celles-ci; et 

15 o un traitement dans une memoire 11 et une unite de calcul 22, en combinaison 

avec !'unite 10, afin de calculer un rapport d'apparition de clignements lents. 

La demande de brevet internationale publiee WO 97/01246 a pour objet 

un systeme de securite comportant une camera video disposee dans le retroviseur 

interieur d'un vehicule automobile et un ecran video deporte pour )'analyse de ce 

20 qui se passe dans le vehicule et autour de celui-ci, ainsi que de ce qui s'est passe 

grace a l'enregistrement du signal video de sortie de la camera. II s'agit en fait 

d'une camera cachee (dans le retroviseur), afin d'echapper aux regards des intrus, 

et qui observe une aire etendue couvrant l'interieur et l'environnement du vehicule, 

l'enregistremem pennettant de reperer plus tard ce qui s'est passe dans ceue aire 

25 (page 6, lignes 13 a 19), et non ·pas d'un capteur dont )'angle de vision est 

sensiblement limite au visage du conducteur afin de detecter son endonnissement 

evenruel et provoquer son eveil. 

Ces documents anterieurs meuent en oeuvre une veritable camera video et 

un calculateur exteme, la detection du clignement des yeux dans ledit article et 

30 lesdites demandes fram;aise et allemande requerant une unite complexe de 

traitement, tandis que ladite demande internationale ne resout pas le probleme de la 

detection de l'endormissement. le conducteur s'il sommeille n'etant capable de 

regarder ni l'ecran video. ni l'enregistrement des images video. On voit done que 

ce document ne concerne pas le meme domaine technique que Jes deux documents 

35 precedents. 
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Par rapport a ces documents anterieurs, la presente invention realise une meilleure 

approche de la prise de mesure du clignement des yeux du conducteur ; en effet 

- elle pennet de mettre en CEuvre dans le retroviseur du vehicule un simple capteur 

(eventuellement le capteur d'une camera video miniature), notamment un capteur MOS, 

5 qui n'est pas forcement au format video classique; 

- elle realise un mouvemerit de l'axe optique du capteur lie au deplacement du 

retroviseur par le conducteur afin de diriger !edit axe vers le visage du conducteur ; 

- elle pennet une perception visuelle integree, un circuit integre assurant une detection 

immediate des mouvements des paupieres ; 

IO - elle met en CEuvre un processeur tres simple pour le traitement des informations 

foumies par le capteur ; 

• elle permet !'integration possible dans une puce electronique (chip) du capteur, de 

l'electronique associee a celui-ci et du calculateur, le tout dispose dans le retroviseur; 

• elle donne la possibilite d'associer une telle puce disposee a l'interieur du retroviseur 

15 au processeur prevu dans le tableau de bord, le retroviseur constituant ainsi un appareil 

intelligent de detection de l'endormi.ssement, d'un cout raisonnable du fait qu'il comporte, 

par rapport a un retroviseur interieur classique, simplement une puce et un dispositif 

mecanique d'orientation de cette puce supplementaire. 

Dans ces conditions, !'invention a tout d'abord pour objet un procede pour 

20 surveiller en continu l'etat de vigilance du conducteur d'un vehicule automobile, afin de 

de.teeter et prevenir une tendance eventuelle a l'endormissement de celui-ci, 

qui consiste 

- a produire un signal video representati£: en temps reel, des images successives d'au 

moins le visage du conducteur ; 

25 • a traiter ce signal, successivement et en continu, pour 

• detecter, dans ce signa~ la portion correspondant effectivement a !'image de la tete 

du conducteur, 

• determiner la valeur d'un parametre relatif au clignement des paupieres, qui se 

modifie notablement lors du passage de l'etat eveille a l'etat somnolent du 

30 conducteur de part et d'autre d'un seuil, et 

• reperer, en temps reel, le franchissement, par la valeur de ce parametre, de ce seuil 

representatif du passage de l'etat eveille a l'etat somnolent du conducteur; et 
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- a declencher, en reponse au franchissement de ce seuil, une alarme apte a reveiller le 

conducteur ; 

et qui est caracterise en ce que 

- d'une part, le signal video est produit en utilisant un capteur optoelectronique solidaire 

5 d'un retroviseur du vehicule automobile, dimensionne et dispose pour recevoir 

essentiellement !'image du visage du conducteur en place sur son siege et ayant son axe 

optique de reception des rayons lumineux dirige vers la tete du conducteur lorsque le 

retroviseur est correcternent oriente ; et 

- d'autre part, le traitement dudit signal video consiste, apres avoir detecte la pre~ence du 

IO conducteur a sa place, a, successivement et en continu , 

• detecter, a partir d'une analyse des pixels en deplacement entre deux trames 

successives de meme nature dudit signal video, les deplacements horizontaux du 

conducteur, afin de cadrer le visage de celui-ci dans les trames correspondantes 

successives du signal video, 

15 • detecter, a partir d'une analyse des pixels en deplacement entre deux trames 

successives de meme nature dudit signal video, les deplacements venicaux dans le 

visage, ainsi cadre, du conducteur, afin de cadrer les yeux de celui-ci, 

• determiner, a partir d'une analyse des pixels en deplacement entre deux trames 

successives de meme nature dudit signal video, les durees successives des 

20 clignements des yeux, ainsi cadres, de celui-ci, ces durees constituant le dit 

parametre, 

• comparer ces durees successives des clignements, ainsi detenninees, a un seuil 

representatif du passage de l'etat eveille a l'etat somnolent du conducteur, et 

• declencher, lorsque les durees de clignement depassent vers le haut le dit seuil, une 

25 alanne apte reveiller le conducteur. 

Avantageusement ledit capteur est place dans le boitier du retroviseur derriere la 

glace de celui-ci qui est constituee par un miroir sans tain, )'axe optique de reception dudit 

capteur etant symetrique a un axe oriente dans le plan vertical median dudit vehicule, par 

rapport a un axe orthogonal au dit miroir sans tain. 

30 De preference, on detecte la presence du conducteur a sa place en determinant le 

nombre de pixels correspondants dans Jes trames successives de meme nature du signal 

video pour lesquels un deplacement significatif est detecte et en comparant ce nombre au 

nombre total de pixels par trame du signal video, a.fin de determiner si le rapport entre le 
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nombre de pixels representant un deplacement et le nombre total de pixels par trarne 

depasse un seuil representatif du passage de !'absence de conducteur a sa place a la 

presence d'un conducteur a sa place. 

Le procede peut, dans des modes de realisation preferes, comprendre en outre une 

5 ou plusieurs des caracteristiques suivantes : 

- entre les phases de detection des deplacements horizontaux, afin de cadrer le visage du 

conducteur, et de detection des deplacements verticaux. afin de cadrer les yeux de 

celui-ci, on prevoit une phase de cadrage large des yeux en se limitant a une portion du 

visage cadre englobant les yeux et leur environnement immediat, par application du 

IO rapport anthropometrique entre ladite portion et le visage en tier d 'une personne ; 

- simultanement a la phase de determination des durees de clignement des yeux. on 

prevoit une phase de determination des intervalles de temps separant deux clignements 

successifs de ceux-ci et on declenche une alarme renforcee des que ces intervalles de 

temps presentent une irregularite qui depasse un seuil determine ; 

15 - on reactualise en continu les donnees concernant au moins un des parametres suivants : 

deplacements horizontaux. deplacements verticaux. durees des clignements des yeux. 

intervalles entre clignements successifs, afin de perfectionner les approximations des 

valeurs normales de ces parametres pour le conducteur effectivement present et a l'etat 

eveille; 

20 - !es differentes phases successives du procede sont realisees au moyen de programmes 

informatiques successifs portant sur le traitement des valeurs successives des pixels 

correspondants des trames de meme nature du signal video obtenu a partir dudit 

capteur. 

La presente invention a egalement pour objet un dispositif pour surveiller en 

25 continu l'etat de vigilance du conducteur d'un vehicule automobile, afin de detecter et 

prevenir une tendance eventuelle a l'endormissement de celui-ci, qui met en ceuvre le 

procede susvise et qui est caracterise en ce qu'il comprend, en combinaison: 

a) un capteur optoelectronique, qui, en combinaison avec une electronique associee, 

elabore, en reponse a la reception de rayons lumineux. un signal video a tram.es de 

30 meme nature, ou correspondantes, successives, !edit capteur etant solidaire d'un 

retroviseur du vehicule automobile et dimensionne et dispose pour recevoir 

essentiellement !'image du visage du conducteur en place sur son siege et ayant son axe 
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optique de reception des rayons lumineux dirige vers la tete du conducteur lorsque le 

retroviseur est correctement oriente; et 

b) au moins un circuit integre comportant 

- des moyens pour detecter la presence du conducteur a sa place dans le vehicule, et pour 

5 elaborer un signal de presence ~ 

- des moyens, actives par ce signal de presence, pour detecter, a partir d'une analyse des 

pixels en deplacement entre deux trames successives de meme nature dud.it signal 

video, les deplacements horizontaux de dit conducteur, afi.n de cadrer le visage de 

celui-ci dans les trames successives de meme nature dud.it signal video, et pour elaborer 

10 un signal de fin de cadrage de visage ; 

- des moyens, actives par ledit signal de fin de cadrage du visage, pour detecter, a partir 

d'une analyse des pixels en deplacement entre deux trames successives de meme nature 

de la portion des trames successives de meme nature dudit signal video correspondant 

au cadrage du visage, les deplacements verticaux dans le visage, ainsi cadre, du con-

15 ducteur, afin de cadrer les yeux de celui-ci dans ladite portion des trames de ce signal, 

et pour elaborer un signal de tin de cadrage des yeux du conducteur ; 

- des moyens, actives par )edit signal de fin de cad.rage des yeux, pour determiner, a 
partir d'une analyse des pixels en deplacement entre deux trames successives de meme 

nature de la portion des trames successives de meme nature dud.it signal video corres-

20 pondant au cadrage des yeux, les durees successives des clignements des yeux du con­

ducteur; 

- des moyens pour comparer ces durees successives des clignements, ainsi detenninees, 

a un seuil representatif du passage de l'etat eveille a l'etat somnolent du conducteur; et 

- des moyens pour declencher, lorsque les durees des clignements depassent ledit seuil, 

25 une alarme apte a reveiller le conducteur. 

Avantageusement, dans ledit dispositif, ledit capteur est place dans le boitier du 

retroviseur derriere le miroir de celui-ci, qui est un miroir sans tain, )edit capteur etant 

porte par une premiere extremite d'une premiere tige traversant, a travers une rotule, un 

etrier porte par le boitier du retroviseur, a l'interieur de celui-ci, la seconde extremite de 

30 cette tige etant articulee librement, au moyen d'un joint, a la premiere extremite d'une 

seconde tige traversant, a travers une rotule, le boitier du retroviseur, tandis que la seconde 

extremite de ladite seconde tige est fixee a la carrosserie du vehicule au dessus du pare­

brise, de maniere que l'axe optique de reception du dit capteur soit symetrique a un axe 
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oriente dans le plan vertical median dudit vehicule, par rapport a un axe orthogonal au dit 

miroir sans tain. 

De preference, lesdits moyens pour detecter la presence du conducteur a sa place et 

pour elaborer un signal de presence sont constitues par des moyens pour determiner le 

S · nombre de pixels dans les trames successives de meme nature dudit signal video pour 

lesquels un deplacement significatif est detecte, des moyens pour comparer ledit nombre 

au nombre total de pixels par trame du signal video, afin de determiner si le rapport entre le 

nombre de pixels correspondant a un deplacement et le nombre total de pixels par trame 

depasse un seuil representatif du passage de l'etat d'absence de conducteur a sa place a 
IO l'etat de presence d'un conducteur a sa place. 

Le dispositif peut, dans des modes de realisation preferes, comprendre en outre un 

ou plusieurs des moyens suivants, a savoir : 

- des moyens, actives par ledit signal de fin de cadrage du visage, pour selectionner, dans 

ladite portion des trames successives dudit signal video correspondant au cad.rage du 

15 visage, une portion reduite correspondant a un · cadrage large, ou grassier, des yeux du 

conducteur englobant les yeux et leur environnement immediat par application du 

rapport anthropometrique entre ledit cadrage large et le visage entier d'une personne et 

des moyens pour elaborer un signal de fin de cad.rage large des yeux, ce signal activant 

lesdits moyens pour detecter les deplacements verticaux dans le visage du conducteur ; 

20 - des moyens, fonctionnant en paraUele avec lesdits moyens pour determiner Jes durees 

successives des clignements des yeux et done actives par )edit signal de fin de cadrage 

des yeux, pour determiner Jes intervalles de temps separant deux clignements 

successifs et pour declencher une alarme renforcee des que ces intervalles de temps 

presentent une irregularite qui depasse un seuil determine ; 

25 - des moyens pour reactualiser en continu Jes donnees concemant au moins un des para-

metres suivants : deplacements horizontaux, deplacements verticaux, durees des cligne­

ments des ye.ux, intervalles entre clignements successifs, afin de perfectionner Jes 

approximations des valeurs nonnales du parametre implique pour le conducteur 

effectivement present et a l'etat eveille. 

30 Avantageusement l'ensemble capteur - unite electronique de traitement est realise 

comme decrit et illustre dans les deux demandes de brevet susmentionnees ayant le meme 

inventeur que la presente. 
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L 'invention a egalement pour obj et, a titre de produit industriel nouveau, un retro­

viseur de vehicule automobile, caracterise en ce que son miroir est constitue par une glace 

sans tain et en ce qu'il comporte, derriere cette glace, un capteur optoelectronique qui 

coopere avec une unite electronique telle que decrite dans la demande de brevet fran~s 

5 N° 96.09420 deposee le 26 juillet 1996 et la demande de brevet international (P.C.T.) 

PCT/FR97 /01354 deposee le ·22 juillet 1997, cette unite etant egalement disposee a 
l'interieur du retroviseur et etant apte a declencher un dispositif d'alarme des que ladite 

unite determine que !es mouvements verticaux des paupieres d 'une personne regardant la 

face avant de ladite glace correspondent a une duree des clignements des yeux qui depasse 

10 un seuil predetermine inclus dans l'intervalle temporel compris entre la duree des 

- clignements d'une personne eveillee et celle d'une personne qui somnole. 

De preference !edit retroviseur porte au mains une diode electroluminescente au 

mains dans l'infra-roug~ qui est activee au mains lorsque la luminosite ambiante devient 

insuffisante pour eclairer le visage du conducteur, !edit capteur optoelectronique etant sen-

15 sible, entre autres, aux radiations infra-rouges emises par ladite diode. 

Avantageusement, dans le dispositif ainsi que le retroviseur selon !'invention, le 

capteur, ladite electronique associee et !edit circuit integre sont constituees par une puce 

electronique (chip) disposee a l'interieur du boitier du retroviseur. 

On va decrire maintenant un mode de realisation prefere d'un dispositif selon 

20 !'invention, mettant en o:uvre le precede selon !'invention, ainsi que certaines variantes de 

celui-ci, avec reference aux dessins annexes, sur lesquels : 

Les figures l et 2 sont des wes, respectivement de cote et par-dessus, illustrant 

schematiquement la tete d'un conducteur de vehicule automobile et ses axes de vision vers 

!'avant et vers l'arriere. 

25 La figure 3 illustre schematiquement la disposition classique du miroir d'un retro-

viseur interieur dans un vehicule automobile et les differents axes de vision du conducteur,_ 

cette figure correspondant ii l'etat de la technique. 

Les figures 4 et· 5 representent respectivement !'ensemble et les articulations d'un 

retroviseur avec le capteur optoelectronique et son electronique associee dans le cadre de 

30 !'invention. 

La figure 6 illustre le champ du capteur optoelectronique prew dans le retroviseur 

des figures 4 et 5. 
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Les figures 7 et 8 representent la maniere de cadrer le visage du conducteur en 

place. 

Les figures 9 et IO representent la maniere de cadrer les yeux du conducteur en 

place. 

S Les figures 11 et 12 soot relatives a la mesure de la duree des clignements des yeux 

du conducteur et des intervalles· temporels separent deux clignements successifs. 

La figure 13 represente l'ordinograrnme des phases successives de fonctionnement. 

La figure 14 illustre les avantages de la mise en CJ!UVTe, comme capteur, d'un 

capteur de type MOS. 

10 La figure 15, enfin, est une variante de la figure 9, la zone d'observation privilegiee 

englobant le nez, en plus des yeux. 

En se referant tout d'abord aux figures I a 6, on va commencer la description 

detaillee du mode de realisation prefere de !'invention par celle du dispositif optique et 

mecanique avec le capteur optoelectronique (micro-camera video ou capteur MOS avec 

15 lentille incorporee) et son ensemble electronique associe, constitue essentiellement par une 

ou plusieurs puces, qui transforme l'image captee par le capteur en un signal video qui est 

traite afin de detecter une tendance a l'endormissement du conducteur en place, observe 

par ledit capteur. 

En effet !'invention utilise essentiellement la variation de la duree des clignements 

20 des yeux d'une personne tors du passage de l'etat eveille a l'etat somnolent ou assoupi de 

celle-ci : une personne eveillee cligne, a intervalles relativement reguliers, des paupieres, et 

done des cits, en 100 a 200 ms environ, tandis que la duree des clignements de cette 

personne a l'etat somnolent passe a S00 a 800 ms environ, les intervalles entre clignements 

augmentant et etant variables. 

25 Dans le signal video en provenance du capteur optoelectronique a 50 ou 60 trames 

correspondantes (de meme nature) par seconde, on realise une detection toutes les 20 ms 

ou 16,66 ms respectivement, ce qui permet de distinguer facilement des durees de 100 a 
200 ms OU de S00 a 800 ms (5 a 10 trames pour l'etat eveille OU au contraire 25 a 40 trames 

pour l'etat somnolent dans le cas de 50 trames de meme nature par seconde) et done de 

30 distinguer l'etat eveille de l'etat somnolent ou assoupi d'une personne. 

Pour une utilisation d'une telle distinction dans le cas du conducteur d'un vehicule 

automobile, ii est desirable de visualiser au mieux la face du conducteur, c'est-a-dire de di­

riger l'axe optique d'entree ou reception dudit capteur vers le visage de celui-ci. Le moyen 
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prevu dans le mode de realisation prefere de !'invention consiste a profiter du fait qu'un 

conducteur dirige le retroviseur de son vehicule vers son visage de maniere qu 'ii ait une 

vue vers l'arriere du vehicule par reflexion sur le miroir du retroviseur. 

On rappelle, avec reference aux figures 1 a 3, le fonctionnement des retroviseurs 

5 classiques loges a l'interieur d'un vehicule en position centrale, en etant fixes, avec 

possibilite d'ajustement de !'orientation de leur miroir, sur une portion de la carrosserie a 
l'interieur du vehicule. 

Les figures schematiques 1 et 2 montrent, vue de cote et de dessus respectivement, 

la ·tete T d'un conducteur qui peut observer la rue ou route sur laquelle se trouve son 

10 vehicule, d'une part, devant Jui (fleche 1) et, d'autre part, derriere lui (flecbes 2a et 2b) 

grace au miroir 3 du retroviseur convenablement oriente. Lesdites fleches 1, 2a, 2b 

representent le parcours des rayons lumineux, 2b correspondant au rayon reflechi sur le 

miroir 3. 

En considerant maintenant la figure schematique 3, qui represente le miroir 3 du 

15 retroviseur, miroir fixe par un bras 4 sur une portion 5 de la carrosserie a l'interieur du 

vebicule, avec possibilite d'orientation, on retrouve les axes de visee ou fleches 1, 2a, 2b 

des figures I et 2. On peut noter que les axes ou fleches 1 et 2b sont paralleles et sont 

diriges suivant la direction de la rue ou de la route. 

Sur cette figure 3, on a egalement represente, mais en traits interrompus, l'axe 

20 optique 6 perpendiculaire a la face 3a du miroir 3 d'un retroviseur interieur qui divise 

!'angle forme par les directions 2a et 2b en deux moities egales (angles a et b egaux) 

d'apres les lois de la reflexion, et l'axe 7 perpendiculaire a l'axe 2b et done parallele a la 

portion de support 5, !'angle centre les directions 7 et 3a etant egal aux angles bet a. 

Ces principes de fonctionnement des retroviseurs interieurs etant rappeles, on va 

25 maintenant avec reference aux figures 4 et 5, exposer le montage mecanique pennettant de 

diriger effectivement l'axe optique d'entree du capteur optoelectronique vers le visage du 

conducteur en place, en profitant du fait que le miroir 3 d'un retroviseur est oriente par le 

conducteur en place, lorsque cela n'est pas deja le cas, pour que l'axe 2a de visee par le 

conducteur soit dirige vers la tete T de celui-ci. En effet, si l'axe optique d'entree du 

30 capteur est effectivement dirige vers la face de conducteur, le signal video produit par 

celui-ci contiendra les informations necessaires pour detenniner la duree des clignements 

des yeux de celui-ci. 



Petitioner LG Ex-1004, 0267

WO 99/36894 PCT /FR99/00060 

12 

Tout d'abord dans le cadre du mode de realisation prefere de !'invention, le 

retroviseur 8 comprend, contrairement au retroviseurs classiques, une glace sans tain 9 

(figure 4) dont la face 9a dirigee vers le conducteur joue le meme role que la face 3a du 

miroir 3 d'un retroviseur classique (figure 3), mais qui permet a un capteur 10 (constitue 

5 par une micro-camera electronique ou un capteur MOS a lentille incorporee), porte par un 

support 11 (toumant avec le mfroir sans tain 9), de recevoir au moins !'image du visage du 

conducteur en place lorsque le miroir sans tain 9 (avec le retroviseur 8) est convenablement 

oriente par le conducteur pour percevoir la rue ou la route derriere lui ou est deja ainsi 

oriente (comme c'est le cas pour le miroir classique 3 de la figure 3). 

10 L'articulation mecanique type Cardan, illustree sur· les figures 4 et 5 (cette demiere 

figure etant une we plus detaillee d'une portion de la figure 4), perrnet !'orientation auto­

matique correcte du support 11, avec le capteur 10, par le conducteur lorsqu'il regle son 

retroviseur ou lorsque celui-ci est deja regle, et done de la face receptrice 1 Oa du capteur 

10 pour qu'elle re9oive !'image du visage du conducteur en place, son axe optique d'entree 

15 lOb etant dirige vers la tete du conducteur en place du fait de l'angle entre le miroir 9 et le 

support 11 du capteur 10. 

A cet effet !'articulation pour le support 11 comprend deux tiges 12 et 13 articulees 

librement entre elles par une rotule 14a (figure 4) ou un manchon 14b (figure 5.). La tige 

12 est fixee A une portion 5 de la carrosserie par une de ses extremites et traverse le boitier 

20 du retroviseur 8 grace a la rotule IS ( constituee par une bille et deuic calottes sensiblement 

hemispheriques) avant de penetrer par son autre extremite dans le manchon 14b ou etre 

fixee A la rotule 14a, tandis que la tige 13 porte rigidement, a une extremite, le support 11 

du capteur 10 et traverse l'etrier 16 du retroviseur 8 grace a une rotule creuse 17 (a bille 

traversee par un canal dans lequel est engagee la tige 13 et toumant dans deux calottes 

25 sensiblement hemispheriques portees par l'etrier 16) avant de rejoindre par son autre 

extremite la rotule 14a ou le manchon 14b. 

Une telle articulation, qui maintient' en permanence un angle approprie entre le 

miroir 9 et le support 11, pennet A la fois !'orientation habituelle du retroviseur interieur 

par le conducteur et !'orientation du support 11 du capteur 10 pour que la face 10a de ce 

30 capteur re9oive !'image d'au moins le visage du conducteur en place lorsque le retroviseur 

est convenablement oriente. 

Le capteur optoelectronique 1 O debite par un conducteur 18 dans une unite 

electronique d'analyse 19 (avantageusement constituee par un boitier A puce ou puces loge 
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a l'interieur du retroviseur 8) le signal video qu'il elabore a partir de !'image qu'il re~it 

sur sa face 1 Oa. 

On peut prevoir des diodes electroluminescentes 20 pour emettre, en direction du 

conducteur en place, lorsque le retroviseur est correctement oriente, un rayonnement 

5 infrarouge apte a eclairer au moins le visage de conducteur en place, lorsque la lumiere 

d'ambiance (y compris celle du tableau de bord) est insuffisante pour le fonctionnement 

correct du capteur 10, qui dans ce cas doit etre sensible au rayonnement infrarouge, et de 

son unite electronique 19; )'excitation, eventuellement progressive, de ces diodes est, par 

exemple, controlee par !'unite electronique 19 grace a une cellule photoelectrique (non 

IO representee) ou en reponse a des signaux de pixels (dans le signal video) d'intensite 

insuffisante ( comme represente schematiquement par le conducteur 21 ). 

L'alarme activee, en cas d'endormissement du conducteur, par )'unite electronique 

19 est illustree schematiquement en 22 sur le figure 4, sur laquelle on n'a pas illustre Jes 

alimentations du capteur 10, de l'unite electronique 19 et des diodes 20, pour simplifier 

15 cette figure. 

L'unite 19 pourrait, en variante, etre disposee hors du boitier du retroviseur. 

On va maintenant exposer le traitement, dans !'unite electronique d'analyse 19, du 

signal video issu du capteur optoelectronique 10 (a micro-camera electronique ou capteur 

MOS avec lentille incorporee suivie d'une unite electronique), ce signal video comportant 

20 une succession de trarnes correspondantes (de meme nature) a fa cadence de 50 ou 60 telles 

trames par seconde (soit les trames paires ou bien impaires dans le cas d'un signal a deux 

trames entrelacees par image, soit les trames uniques dans le cas d'un signal a une seule 

trame par image); ce traitement a pour objet de realiser la surveillance de la vigilance du 

conducteur en place en determinant, en temps reel et en continu, la duree des clignements 

25 de ses yeux et en declenchant, en cas de tendance du conducteur a l'endormissement 

(revelee par la variation de cette duree), un signal d'alarme apte a eveiller celui-ci. 

Le procede et le dispositif, selon la presente invention mettant en reuvre, pour 

reperer et localiser une zone en mouvement (a savoir successivement le conducteur, son 

visage et ses yeux, en particulier ses paupieres) et determiner la direction et eventuellement 

30 la vitesse de ce mouvement, le procede et le dispositif selon les demandes de brevet sus­

visees, dont Jes descriptions sont incorporees dans la presente description detaillee par 

reference, ii est utile de resumer le processus decrit dans ces demandes de brevet. 
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Dans ces demandes, le signal video (produit par une camera video ou autre 

capteur), qui comprend une succession de trames de meme nature (constituees par les 

trames correspondantes, soit paires, soit impaires, dans le cas d'un systeme video a deux 

trames entrelacees par image, soit les trames successives dans le cas d'un systeme video a 
5 trame unique par image), est traite pour successivement 

IO 

- deduire, des variations de la valeur ou intensite de chaque pixel entre une trame et ta 

trame correspondante anterieure, 

• d'une part, un signal binaire, note DP, dont les deux valeurs possibles sont 

representatives, l'une, d'une variation significative de la valeur du pixel et, l'autre, 

d'une non-variation significative de cette valeur, valeurs notees par exemple «l» et 

«0» respectivement, et 

• d'autre part, un signal numerique, note CO, a nombre reduit de valeurs possibles, ce 

signal etant representatif de la grandeur de cette variation de la valeur du pixel ; 

- repartir suivant une matrice, par roulement, des valeurs de ces deux signaux DP et CO 

15 pour une meme trame qui defile a travers la matrice ; et 

- deduire, de cette repartition matricielle, le deplacement recherche et ses parametres 

(localisation, direction et vitesse). 

Cette demiere operation de detection du deplacement met en preference en a:uvre, 

selon ces demandes de brevet precitees, 

20 - la formation d'histogrammes, suivant deux axes, par exemple Ox et Oy orthogonaux, 

d'au moins les signaux DP et CO, repartis matriciellement dans I 'operation precedente, 

et 

- le reperage, dans chacun des histogrammes relatifs a DP et CO, d'un domaine de 

variation significative de CO avec simultanement DP= «1». 

25 La presente invention, realise successivement, par mise en a:uvre du procede et 

dispositif selon les demandes de brevet precitees, dont on vient de resumer le processus, 

- dans une phase preliminaire, la detection de la presence d'un conducteur en place ; 

- dans une premiere phase, le cadrage du visage du conducteur dans les trames de meme 

nature, ou correspondantes, successives du signal video ; 

30 - dans une deuxieme phase, le cadrage des yeux du conducteur a l'interieur du cadrage 

du visage; 
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- dans une troisieme phase, la determination des durees successives des clignements des 

yeux du conducteur, et eventuellement la determination des intervalles de temps 

separant deux clignements successifs ; 

- dans une quatrieme phase, la comparaison des durees des clignements a un certain 

5 seuil, avec generation d'un signal d'alarme apte a eveiller le conducteur des que cette 

comparaison revele le depassement vers le haut de ce seuil par cette duree, et 

eventuellement la comparaison des variations temporelle des intervalles de temps entre 

deux clignements successifs a un autre seuil, avec generation d'un signal d'alarme 

renforce des que cette comparaison revele le depassement vers le haut de ce dernier 

10 seuil. 

On va decrire maintenant plus en detail la realisation de chacune de ces cinq phases 

par le procede et le dispositif selon !'invention. 

La phase preliminaire, qui detecte la presence d'un conducteur en place et amorce 

la premiere phase de cadrage du visage, est declenchee par un contacteur actionne 

l 5 manuellement ou autrement, notamment par mise en ceuvre des procede et dispositif des 

demandes de brevet precitees ; elle commence effectivement avec le reglage du retroviseur 

pour orienter la face avant 9a du miroir sans tain 9 de celui-ci (figure 4) vers le conducteur 

afin qu'il aper~oive dans ce miroir la rue ou route derriere lui, au cas ii ya besoin d'un tel 

reglage. 

20 La figure 6 illustre, entre les directions 23a et 23b, le champ 23 du capteur 10, la 

tete T du conducteur devant se trouver, du fait du reglage du retroviseur interieur 8, tel que 

decrit avec reference aux figures 4 et 5, A l'interieur et dans la zone centrale de ce champ 

conique 23. Ce champ peut etre relativement etroit, etant donne que les deplacements de la 

tete. T du conducteur au cours de la conduite sont limites (sauf rares exceptions) ; la 

25 limitation du champ ameliore la sensibilite du dispositif etant donne que !'image du visage 

du conducteur, qui est re~ue par la face 10a du capteur correctement oriente en meme 

temps que le miroir 9, occupe alors une place relativement importante dans Jes trames du 

signal video ; elle est done representee par un nombre de pixels qui est une fraction notable 

du nombre total des pixels par trarne. 

JO Sur la figure 6 on retrouve les directions ou rayons lumineux I, 2a et 2b de la figure 

3. 

La mise en place du conducteut est avantageusement detectee par les deplacements 

de sa tete, en particulier de son visage, pour venir en position de conduite, par mise en 
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reuvre du procede et du dispositif selon les deux demandes de brevet precitees qui 

pennettent de detecter les deplacements, comme rappele brievement ci-dessus. 

En fait l'arrivee du conducteur a sa place et le deplacement de sa tete Ten resultant 

sont reveles par le nombre important de pixels du signal video pour lesquels le signal 

5 binaire DP a la valeur «1» correspondant a une variation significative de la valeur du pixel 

entre deux trames correspondantes successives et le signal numerique CO a une valeur 

relativement elevee. 

Le rapport du nombre de tels pixels (avec DP et CO ayant les valeurs defin.ies ci­

dessus) au nombre total de pixels d'une trame, lors de la mise en place du conducteur, 

10 depend de la dimension du champ de vision du capteur de pan et d'autre de la tete Ten 

place pour la conduite. En cas de champ de vision etroit (angle reduit entre 23a et 23b 

figure 6), on peut considerer par exemple, que si plus· de la moitie des pixels «en 

deplacement» d'une trame ont un DP et un CO avec les valeurs sus-avancees, ii ya mise 

en place du conducteur. On peut alors considerer un seuil de 50 % entre le nombre de 

15 pixels «en deplacement» et le nombre total de pixels d'une trame et dans ce cas la phase 

preliminaire se termine par la production, lorsque ce seuil est depasse vers le haut, d'un 

drapeau « I» de presence qui amorce la suite du traitement du signal video, en commen~t 

par la premiere phase. Bien entendu le seuil retenu pour le declenchement du drapeau «1» 

peut etre different de 50 %, en tenant compte du champ de vision du capteur 10. 

20 En variante, le drapeau «I» de presence amon;ant la premiere phase peut etre 

produit par une commande exteme a !'unite electronique 19, mais declenchant celle-c~ par 

exemple provoquee par l'actionnement de la cle de contact, le bouclage de la ceinture de 

securite du conducteur ou le flechissement du siege du conducteur sous son poids. 

Lorsque la presence du conducteur a ete revelee et le drapeau « 1 » de presence 

25 genere, la premiere phase de traitement du signal video peut commencer. Elle consiste, 

comme indique precedemment, a cadrer le visage du conducteur dans le signal video en 

eliminant Jes portions superflues, en haut, en bas, a droite et a gauche de la tete dans 

!'image per~e par le detecteur 10. 

A cet effet, par mise en CEuvre du procede et du dispositif selon l'invention, ce sont 

30 Jes deplacements horizontaux, c'est-a-dire de la droite vers la gauche et inversement, qui 

sont detectes, car la tete d'un conducteur a tendance a se deplacer horizontalement plut6t 

que verticalement, c'est-a-dire de haut en bas et inversement. 
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On extrait, done, du flot des doMees representees dans les trames correspondantes 

successives du signal video, un signal de deplacement horizontal, en position, sens et even­

tuellement vitesse, grace a la matrice roulante des valeurs de DP et CO, et on l'analyse par 

selection suivant deux axes de coordoMees privilegies, par exemple !es axes classiques Ox 

5 et Oy des coordonnees cartesiennes, par mise en O!uvre des moyens de fonnation 

d'histogrammes des demandes de brevet precitees. 

La comptabilisation, en fin de trames, des pixels representatifs d 'un deplacement 

horizontal permet de detecter des pies de deplacement le long des bords du visage, pour 

lesquels les variations de luminosite, done de valeur de pixel, sont !es plus importantes, 

10 aussi bien en projection horizontale suivant Ox qu'en projection verticale suivant Oy par 

exemple. 

Ceci est illustre sur la figure 7 sur laquelle on a represente !es axes Ox et Oy, ainsi 

que !es histogrammes 24x, suivant Ox, et 24y, suivant Oy, c'est-a-dire en projection 

horizontale et verticale respectivement. 

15 Les pies 25a et 25b, de l'histogramme 24x, et 25c et 25d, de l'histogramme 24y, 

delimitent, par leur coordonnes respectives 26a, 26b, 26c, 26d, un cadre limite par !es 

droites Ya, Yb, Xe, Xd qui renferme le visage V du conducteur entoure par les ondulations 

respectives 27a, 27b, 27c, 27d qui illustrent les legers mouvements du conducteur dans !es 

zones de plus grande variation des intensites des pixels, !ors de ses mouvements. 

20 Le reperage des coordonnees 26a, 26b, 26e et 26d, correspondant aux quatre pies 

25a, 25b, 25c et 25d des deux histogrammes 24x et 24y, permet done de mieux definir et 

cadrer !'emplacement du visage V du conducteur dans la zone Z et d'eliminer, pour la suite 

du traitement du signal video, les portions superieure, inf erieure, de droite et de gauche par 

rapport au cadre Xe, Xd, Ya, Yb, comme illustre sur la figure 8 par des zones hachurees 

25 encadrant le visage V, ce qui permet d'accroitre la precision, et eventuellement la cadence, 

de !'analyse portant sur la zone centrale Z, non hachuree, encadree par !es droites Xe, Xd, 

Ya, Yb et contenant le visage V 

Cette operation de cadrage du visage entier est renouvelee a intervalles reguliers, 

par exemple toutes les dix trames du signal video, et !es valeurs moyennes (au cours du 

30 temps) des coordonnees 26a, 26b, 26c, 26d, sont determinees, en redefinissant le cadre, 

legerement variable, mais relativement stable, Xe, Xd, Ya, Yb autour du visage V bn 
constate done que la position dudit cadre (avec la zone limitee pour !'analyse ulterieure) est 

tres robuste, c'est-a-dire stable au cours du temps. 
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Un nouveau drapeau «l» de visage cadre est produit apres etablissement du cadrage 

du visage V du conducteur. 

La production de ce drapeau declenche la deuxieme phase, qui consiste a reduire 

encore plus le cadre du traitement, a savoir a celui des yeux du conducteur. 

5 Cette deuxieme phase comporte, de preference, une operation preliminaire 

consistant a utiliser, dans !'unite electronique 19, le rapport anthropometrique habituel 

entre la zone des yeux et !'ensemble du visage chez un etre humain, notamment dans le 

sens vertical, la zone des yeux occupant seulement une portion limitee du visage entier. 

L'unite electronique 19 determine alors, dans cette operation preliminaire, par ratio 

10 un cadre Z I plus Ii mite, incluant les yeux U du conducteur, dans le cadre precedent Z du 

visage V, limite par Ya, Yb, Xe, Xd, ce c~dre Z' etant, comme illustre sur la figure 9 defini 

par les droites Yb, Y1', Xv et X'd a. l 'interieur du cadre Ya, Yb, Xe, Xd (zone Z). 

On elimine ainsi les zones hachurees extemes (simples ~achures) sur la figure 9 

pour ne conserver que le cadre z: ce qui facilite le cadrage definitif des yeux dans la 

15 deuxieme phase et augmente sa precision et la vitesse de sa determination. 

Apres la fin de cette operation preliminaire si elle existe, ce qui genere un drapeau 

« 1 » de cadrage grossier des yeux, ou directement apres la premiere phase de traitement, 

c'est-a-dire respectivement en reponse a !'apparition du drapeau «I» de cadrage grossier 

des yeux ou du drapeau «I» de visage cadre respectivement, !'unite electronique 19 

20 eff ectue la deuxieme phase de cadrage effectif plus serre des yeux du conducteur en 

detectant, dans la matrice des DP et CO, les emplacements de pixels pour lesquels DP = I 

et CO presente une valeur elevee, notamment pour des deplacements dans le sens vertical 

du fait que les paupieres clignent de haut en bas et inversement. 

Lorsque le nombre de tels emplacements de pixels atteint un certain seuil dans le 

25 cadre Yb, Y1', Xr, X'd (zone z, dans le cas ou !'operation preliminaire est prewe ou dans 

le cadre Ya, Yb, Xe, Xd (zone Z) en !'absence d'une telle operation preliminaire, ce seuil 

etant par exemple de 20 % par rapport au nombre total de pixels dans le cadre Yb, Y?,, Xr, 

X'd dans le premier cas et de 10 % par rapport au nombre total de pixels dans le cadre Ya, 

Yb, Xe, Xd dans le second cas, un drapeau « I» de cadrage fin des yeux est genere; ce 

30 drapeau indique en fait que les paupieres du conducteur sont actives, car ii est provoque 

par les clignements des yeux du conducteur ; mouvements dans le sens vertical reperes de 

la meme maniere que les deplacements horizontaux du visage du conducteur dans )a 

premiere phase. 
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Sur la· figure 1 0 on a illustre le cadre eventuel Ya, Y?,, Xr, X'd, definissent la zone 

Z'de cadrage grossier des yeux du eondueteur, ainsi que les histogrammes 28.r selon l'axe 

Ox et 28y suivant l'axe Oy des deplacements vertieaux des paupieres du eonducteur, c'est• 

a•dire des pixels de la matrice revelaot, par leur DP et leur CO, de tels deplacements. Ces 

5 histogrammes 28.r et 28y, qui correspondent aux histogrammes 24.r et 24y des 

deplacements horizontaux du visage du eonducteur, illustres sur la figure 7, determinent, 

par leurs pies 29a, 29b, 29c, 29d, des droites horizontales X'r et X''d et des droites 

verticales Y'a et Y'?J definissant, a l 'interieur de la zone z: une zone Z" qui encadre les 

yeux du conducteur dont les deplacements des bords sont indiques en 30a et 30b pour un 

10 reil et 30c et 30d pour l' autre ceil. 

La position du cadre Y'a, Y''b, X'c, X''d est reactualisee par determination des 

valeurs moyennes au cours du temps, par exemple toutes les dix trames, des coordonnees 

des pies 29a, 29b, 29c, 29d et, a partir de la production du drapeau « 1 » de cadrage fin des 

yeux, ce sont seulement les pixels compris dans le cadre limite de la zone Z" qui sont 

15 traites dans la troisieme phase declenchee par ce drapeau (la zone Z" etant figuree en blanc 

sur la figure 9). 

Dans cette troisieme phase sont determinees les durees des clignements des yeux, et 

eventuellement les intervalles de temps separant deux clignements successifs, en perfee• 

tionnant l 'analyse des deplacements verticaux des paupieres dans la zone Z" par traitement 

20 dans l 'unite electronique 19 des portions des trames successives du signal video corres• 

pondant a cette zone Z ". ce qui permet une grande precision. 

Sur la figure 11 on a illustre dans un systeme de eoordonnees suivant trois 

directions orthogonales entre elles, a savoir OQ sur laquelle on a porte CO, c'est•a--dire les 

intensites de la variation de la valeur de pixel, correspondant au mouvement vertical des 

25 paupieres, Ot sur laquelle on a porte les intervalles de temps entre deux clignements 

successifs et Oz sur laquelle on a porte les durees des clignements, done trois parametres 

differents permettant de determiner le passage de l'etat eveille a l'etat endonni du 

conducteur. Deux clignements successifs C, et C2 sont representes sur la figure 11. 

La figure 12 illustre par la courbe C, sur la portion (a), la variation, dans le temps 

30 suivant Ot du nombre de pixels par trame en mouvement vertical significatif (pour lesquels 

DP= 1 d CO a une valeur relativement importante), les pies successifs P1, P1, P3 du 

nombre de pixels en mouvement correspondant a des clignements. 
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Les trames correspondantes successives relatives a la courbe C sont representees, 

schematiquement et en partie, sur la portion (b) de la figure 12, par des traits verticaux, tels 

que 31, dont Jes pies P1, P1, P3 sont encadres par des rectangles R,. Ri, R3 respectivement, 

Jes deux portions (a) et (b) de la figure 12 etant disposees, l'une sous l'autre, en 

5 synchronisme temporel. Sur cette figure 12 on a represente enfin Jes durees des 

clignements (5,6,5) et Jes inteivalles de temps (14, 17) entre clignements successifs, en 

nombre de trarnes, valeurs qui correspondent a l'etat eveille du conducteur. 

L'unite electronique 19, dans cette troisieme phase, calcule Jes durees successives 

des clignements des yeux et Jes inteIValles de temps success ifs entre deux clignements 

10 consecutifs et fait une analyse statistique bi-dimensionnelle entre Jes durees successives 

des clignements et Jes intervalles entre clignements. Elle etablit si Jes durees des 

clignements depassent uncertain seuil, par exemple 350 ms, et dans ce cas declenchent un 

drapeau «I» de seuil de clignement depasse et eventuellement si les inteIValles de temps 

entre deux clignements successifs sont relativement constants ou au contraire 

15 significativement variables dans le temps, et dans le second cas declenchent un drapeau 

« l >> d'intervalles entre clignements variables. 

Le premier drapeau sert a declencher une alarme, sonore par exemple, apte a 
reveiller le conducteur, tandis que le second drapeau renforce l'alarme, par exemple en 

augmentant le niveau sonore. 

20 L'ordinogramme annexe a titre de planche 6 (figure 13) resume !es differentes 

phases successives. 

Le dialogue avec l'exterieur est realise, de preference en mode serie (CAN - VAN). 

L'ensemble du capteur, de l'electronique associee et du processeur ou calculateur 

peut-etre avantageusement integre dans une puce electronique (chip) logee dans le 

25 retroviseur inteme du vehicule. 

Le retroviseur des figures 4 et 5 convient aussi bien pour un conducteur occupant le 

siege gauche que le siege droit, pour les pays a conduite a droite, et peut eventuellement 

etre un retroviseur exterieur, notamment du cote du conducteur. 

II est particulierement interessant d'utiliser un capteur de type MOS, qui permet 

30 une detennination de la valeur de pixel, position par position de pixel, sans etre oblige, 

comme dans le cas d'un capteur CCD d'extraire Jes valeurs de pixels ligne par lignes et 

position par position dans chaque ligne. 
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Comme represente sur la figure 14, ii est alors possible de realiser une selection 

variable des positions de pixels: au lieu (a) d'examiner toutes les positions pp de pixels sur· 

la totalite de !'image (grand nombre de traitements), on peut (b) examiner seulement 

certa.ins pixels mailles PP formant un reseau regulier representant Ia globalite de !'image 

S du visage du conducteur et son environnement immediat (effet de zoom); enfin on peut (c) 

selectionner une zone particuliere ZP, a savoir celle des yeux en traitant seulement Jes 

pixels de cette zone.(puissance de traitement constante) 

Sur la figure IS, qui est une variante de la figure 9, dont elle reprend les references, 

on a prevu de selectionner pour la phase finale de surveillance du conducteur, non 

10 seulement la region des yeux ( comrne le cas de la figure 9), mais egalement des narines n 

du nez N, !'observation des deplacements du contour ou taches sombres des narines 

permettent d'ameliorer le maintien de la zone d'observation incluant les yeux. 

Comme ii va de soi, !'invention n'est pas limitee au mode de realisation prefere 

decrit et illustre, ni a ses variantes mentionnees ci-dessus; !'invention englobe au contraire 

IS !es modifications, variantes et perfectionnement entrant dans le cadre des definitions de 

!'invention donnees dans le preambule et les revendications jointes. 
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REVENDICA TIONS 

I. Procede pour surveiller en continu l'etat de vigilance du conducteur d'un vehicule 

automobile, afin de detecter et prevenir une tendance eventuelle a l'endormissement de 

5 celui-ci, 

qui consiste 

- a produire un signal video representati(.en temps reel, des images successives d'au 

moins le visage du conducteur ; 

- a traiter ce signal, successivement et en continu, pour 

10 • detecter, dans ce signal, la portion correspondant effectivement A l'image de 

la tete du conducteur, 

15 

• determiner la valeur d'un parametre relatif au clignement des paupieres, qui 

se modifie notablement lors du passage de l'etat eveille a l'etat somnolent du 

conducteur de part et d'autre d'un seuil, et 

• reperer, en temps reel, le franchissement, par la valeur de ce parametre, _de ce 

seuil representatif du passage de l'etat eveille a l'etat somnolent du 

conducteur ; et 

- a declencher, en reponse au franchissement de ce seuil, une alarme apte a reveiller 

le conducteur ; 

20 et qui est caracterise en ce que 

- d'une part, le signal video est produit en utilisant un capteur optoelectronique 

solidaire d'un retroviseur du vehicule automobile, dimensionne et dispose pour 

recevoir essentiellement l;image du visage du conducteur en place sur son siege et 

ayant son axe optique de reception des rayons lumineux dirige vers la tete du 

25 conducteur lorsque le retroviseur est correctement oriente ; et 

30 

d'autre part, le traitement dudit signal video consiste, apres avoir detecte la 

presence du conducteur a sa place, a, successivement et en continu , 

• detecter, a partir d'une analyse des pixels en deplacement entre deux trames 

successives de meme ·nature dudit signal video, les deplacements 

horizontaux du conducteur, afin de cadrer le visage de celui-ci dans les 

trames correspondantes successives du signal video, 
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• detecter, a partir d'une analyse des pixels en deplacement entre dewc trames 

successives de meme nature dudit signal video, les deplacements verticaux 

dans le visage, ainsi cadre, du conducteur, afin de cadrer les yeux de celui-c~ 

determiner, a partir d'une analyse des pixels en deplacement entre deux • 

• 

• 

trames successives de meme nature dudit signal video, les durees suc5=essives 

des clignements des yeux, ainsi cadres, de celui-ci, ces durees constituant le 

dit parametre, 

comparer ces durees successives des clignements, ainsi determinees, a un 

seuil representatif du passage de l'etat eveille a l'etat somnolent du 

conducteur, et 

declencher, lorsque les durees de clignement depassent vers le haut le dit 

seuil, une alarme apte reveiller le conducteur. 

2. Procede selon la revendication 1, caracterise en ce que ledit capteur est place dans le 

boitier du retroviseur derriere la glace de celui-ci qui est constituee par un miroir sans 

15 tain, l'axe optique de reception (2a) dudit capteur etant symetrique a un axe (2b) 

oriente dans le plan vertical median dudit vehicule, par rapport a un axe (6) orthogonal 

au dit miroir sans tain. 

3. Procede selon la revendication I ou·2, caracterise en ce qu'on detecte la presence du 

conducteur a sa place en determinant le nombre de pixels correspondants dans les 

20 trames successives de meme nature du signal video pour lesquels un deplacement 

significatif est detecte et en comparant ce nombre au nombre total de pixels par trame 

du signal video, afin de determiner si le rapport entre le nombre de pixels representant 

un deplacement et le nombre total de pixels par trame depasse un seuil representatif du 

passage de l'absence de conducteur a sa place a la presence d'un conducteur a sa place. 

25 4. Precede selon la revendication 1, 2, ou 3 caracterise en ce qu'entre les phases de 

detection des deplacements horizontaux, afin de cadrer le visage du conducteur, et de 

detection des deplacements verticaux, afin de cadrer les yeux de celui-c~ on prevoit 

une phase de cadrage large des yeux en se limitant a une portion du visage cadre 

englobant les yeux et Jeur environnement immediat, par application du rapport . 

30 anthropometrique entre ladite portion et le visage entier d'une personae. 

5. Procede selon l'une quelconque des revendications precedentes, caracterise en ~e, 

simultanement a la phase de determination des durees des clignements des yeux, on 

prevoit une phase de determination des intervalles de temps separant deux clignements 
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successifs de ceux-ci et on declenche une alarme renforcee des que ces intervalles de 

temps presentent une irregularite qui depasse un seuil determine. 

6. Precede selon l'une quelconque des revendications precedentes, caracterise en ce qu'on 

reactualise en continu les doMees concemant au moins un des parametres suivants : 

5 deplacements horizontaux, deplacements verticaux, dun~es des clignements des yeux, 

intervalles entre clignements successifs, afin de perfectionner les approximations des 

valeurs normales de ces parametres pour le conducteur effectivement present et a l'etat 

eveille. 

7. Procede selon l'une quelconque des revendicat_ions precedentes, caracterise en ce que 

1 0 les differentes phases successives du precede sont realisees au moyen de programmes 

infonnatiques successifs portant sur le traitement des valeurs successives des pixels 

correspondants des trames de meme nature du signal video obtenu a partir dudit 

capteur. 

8. Dispositif pour surveiller en continu. l'etat de vigilance du conducteur d'un vehicule 

15 automobile, afin de detecter et prevenir une tendance eventuelle a l'endonnissement de 

celui-ci, qui met en reuvre le precede selon l'une quelconque des revendications 1 A 7 

et qui est caracterise en ce qu'il comprend, en combinaison: 

a) un capteur optoelectronique (10), qui, en combinaison avec une electronique associee 

(19), elabore, en reponse a la reception de rayons lumineux, un signal video a trames de 

20 meme nature, ou correspondantes, successives, ledit capteur etant solidaire d'un 

retroviseur (8) du vehicule automobile et dimensionne et dispose pour recevoir 

essentiellement l'image du visage du conducteur en place sur son siege et ayant son axe 

optique (10b) de reception des rayons lumineux: dirige vers la tete (T) du conducteur 

lorsque le retroviseur est correctement oriente ; et 

25 b) au moins d'un circuit integre comportant 

- des moyens pour detecter la presence du conducteur a sa place dans le vehicule, et 

pour elaborer un signal de presen~e ; 

- des rnoyens, actives par ce signal de presence, pour detecter, a partir d'une analyse 

des pixels en deplacement entre deux: trames successives de meme nature dud.it 

30 signal video, les deplacements horizontawc de dit conducteur, afin de cadrer le 

visage (V) de celui-ci dans les trames successives de meme nature dudit sigrtal 

video, et pour elaborer un signal de fin de cadrage de visage ; 
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- des moyens, actives par ledit signal de fin de cadrage du visage, pour detecter, a 
partir d'une analyse des pixels en deplacement entre deux trames successives de 

meme nature de la ponion des trames successives de meme nature dudit signal 

video correspondant au cadrage du visage, les deplacements verticaux dans le 

5 visage, ainsi cadre, du conduct~ur. afin de cadrer les yeux (U) de celui-ci dans 

ladite portion des trames de ce signal, et pour elaborer un signal de fin de caclrage 

des yeux du conducteur ; 

- des moyens, actives par ledit signal de fin de cadrage des yeux, pour detenniner, a 
partir d'une analyse des pixels en deplacement entre deux trames successives de 

10 meme nature de la portion des trames successives de meme nature dudit signal 

video correspondant au cadrage des yeux., les durees successives des clignements 

des yeux du conducteur; 

des moyens pour comparer ces durees successives des clignements, ainsi 

· determinees, a un seuil representatif du passage de l'etat eveille a l'etat somnolent 

15 du conducteur; et 

- des moyens pour declencher, lorsque les durees des clignements depassent )edit 

seuil, une alarme (22) apte a reveiller le conducteur. 

9. Dispositif selon la revendication 8, _caracterise en ce que ledit capteur (10) est place 

dans le boitier du retroviseur (8) derriere le miroir de celui-ci, qui est un miroir (9) sans 

20 tain, !edit capteur (10) etant porte par une premiere extremite d'une premiere tige (13) 

traversant, a travers une rotule (17), un etrier (16) porte par le boitier du retroviseur (8), 

a l'interieur de celui-ci, la seconde extremite de cette tige (13) etant articulee librement, 

au moyen d'un joint (14a,14b), a la premiere extremite d'une seconde tige (1_2) 

traversant, a travers une rotule (15), le boitier du retroviseur (8), tandis que la seconde 

25 extremite de ladite seconde tige (12) est fixee a la carrosserie du vehicule (en 5) au 

dessus du pare-brise, de maniere que l'axe optique de reception (2a) du dit capteur soit 

symetrique a un axe (2b) oriente dans le plan vertical median dudit vehicule, par 

rapport a un axe orthogonal (6) audit miroir sans tain. 

10. Dispositif selon la revendication 8 ou 9,caracterise en ce que lesdits moyens pour 

30 detecter la presence du conducteur a sa place et pour elaborer un signal de presence 

sont constitues par des moyens pour determiner le nombre de pixels dans les trames 

successives de meme nature dudit signal video pour lesquels un deplacement 

significatif est detecte, des moyens pour comparer ledit nombre au nombre total de 
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pixels par trame du signal video, afin de determiner si le rapport entre le nombre de 

pixels correspondant a un deplacement et le nombre total de pixels par trame depasse 

un seuil representatif du passage de l'etat d'absence de conducteur a sa place A l'etat de 

presence d 'un conducteur a sa place. 

5 11. Dispositif selon la revendication 8, 9 ou 10, caracterise en ce qu 'il comprend en outre 

des moyens, actives par !edit signal de fin de cadrage du visage, pour selectionner, dans 

ladite portion des trarnes successives dudit signal vid~o correspondant au cadrage du 

visage, une portion reduite correspondant a un cadrage large, ou grassier, des yeux du 

conducteur englobant les yeux et leur environnement immediat par application du 

10 rapport anthropometrique entre !edit cadrage large et le visage entier d'une personne et 

des moyens pour elaborer un signal de fin de cadrage large des yeux, ce signal activant 

lesdits moyens pour detecter les deplacements verticaux dans le visage du conducteur. 

12. Dispositif selon l 'une quelconque des revendications 8 a 11, caracterise en ce qu 'ii 

comporte des moyens, fonctionnant en parallele avec lesdits moyens pour determiner 

15 les durees successives des clignements des yeux et done actives par ledit signal de fin 

de cadrage des yeux, pour determiner les intervalles de temps separant deux 

clignements successifs et pour declencher une alarme renforcee des que ces intervalles 

de temps presentent une irregularite qui depasse un seuil determine. 

13. Dispositif selon l'une quelconque des revendications 8 A 12, caracterise en ce qu'il 

20 comporte des moyens pour reactualiser en continu !es donnees concemant au moins un 

des pararnetres suivants : deplacements horizontaux, deplacements verticaux, durees 

des clignements des yeux, intervalles entre clignements successifs, afin de 

perfectionner les approximations des valeurs normales du parametre implique pour le 

conducteur effectivement present et a l'etat eveille. 

25 14. Dispositif selon l'une quelconque des revendications 8 a 13, caracterise en ce que ledit 

ensemble capteur opto-electronique(l0) - unite electronique (19) produit un signal 

video comportant une succession de trames correspondantes de meme nature a 
succession de lignes constituees par une succession de pixels et traite le dit signal video 

pour successivement : 

30 - deduire, des variations de la valeur ou intensite de chaque pixel entre une trame et la 

trame correspondante anterieure, 
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• d'une part, un signal binaire, note DP, dont les deux valeurs possibles sont 

representatives, l'une, d'une variation significative de la valeur du pixel et, l'autre, 

d'une non-variation significative de cette valeur, et 

• d'autre pan, un signal numerique, note CO, a nombre reduit de valeurs possibles, ce 

5 signal etant representatif de ~a grandeur de cette variation de la valeur du pixel ; 

- repartir suivant une matrice, par roulement, des valeurs de ces deux signaux DP et CO 

pour une meme trame qui defile a travers la matrice ; et 

- deduire, de cette repartition matricielle, le deplacement recherche et ses parametres de 

localisation et de direction. 

10 15. Dispositif selon l'une quelconque des revendications 8 a 14, caracterise en ce que I.edit 

capteur ( 10), ladite electronique associee (19) et ledit circuit integre sont constituees 

par une puce electronique (chip) disposee a l'interieur du boitier du retroviseur (8). 

16. Retroviseur de vehicule automobile, caracterise en ce que son miroir est constitue par 

une glace sans tain (9) et en ce qu'il comporte, derriere cette glace, un capteur opto-

15 electronique (IO) qui coopere avec une unite electronique (19), produit un signal video 

comportant une succession de trames correspondantes de meme nature a succession de 

lignes constitue par une succession de pixels et traite le dit signal video pour 

successivement : 

- deduire, des variations de la valeur ou intensite de chaque pixel entre une trame et la 

20 trame correspondante anterieure, 

• d'une part, un signal binaire, note DP, dont les deux valeurs possibles sont 

representatives, l'une, d'une variation significative de la valeur du pixel et, l'autre, 

d'une non-variation significative de cette valeur,et 

• d'autre pan, un signal numerique, note CO, a nombre reduit de valeurs possibles, ce 

25 signal etant representatif de la grandeur de cette variation de la valeur du pixel ; 

- repartir suivant une matrice, par roulement, des valeurs de ces deux signaux DP et CO 

pour une meme trame qui defile a travers la matrice ; 

- deduire, de cette repartition matricielle, le deplacement recherche et ses parametres de 

localisation et de direction ; et 

30 - declencher un dispositif d'alarme (22) des que ladite unite determine que l~s 

mouvements verticaux des paupieres d'une personne regardant la face avant (9a) de 

ladite glace correspondent a une duree des clignements des yeux qui depasse un seuil 
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predetennine inclus dans l 'intervalle temporel compris entre la duree des clignements 

d'une personne eveillee et celle d'une persoMe qui somnole .. 

17. Retroviseur de vehicule automobile selon la revendication 16, caracterise en ce que 

ledit capteur (10) ), ladite electronique associee (19) et !edit circuit integre sont 

5 constituees par une puce ele~tronique (chip) disposee a l'interieur du boitier du 

retroviseur (8). 

18. Retroviseur de vehicule automobile selon la revendication 16 ou 17, caracterise en ce 

qu'il porte en outre au mains une diode (20) electroluminescente au moins dans l'infra­

rouge qui est activee au moins lorsque la luminosite ambiante devient insuffisante pour 

10 eclairer le visage du conducteur et en ce que I edit capteur optoelectronique (l 0) est 

sensible entre autres, aux radiations infra-rouges emises par ladite diode. 
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METHOD AND APPARATUS FOR DETECTION OF DROWSINESS 

5 BACKGROUND OF THE INVENTION 

1. Fjeld of the Invention. 

The present invention relates generally to an image processing system, 

and more panicularly to the use of a generic image processing system to detect 

drowsiness. · 

10 I .Description of the Related Art. 

It is well known that a significant number of highway accidents result from 

drivers becoming drowsy or falling asleep, which results in many deaths and injuries. 

Drowsiness is also a problem in other fields, such as for airline pilots and power plant 

operators, in which great damage may result from failure to stay alen. 

15 A number of different physical criteria may be used to establish when a person is 

drowsy, including a change in the duration and interval of eye blinking. Normally, the 

duration of blinking is about I 00 to 200 ms when awake and about 500 to 800 ms when 

drowsy. The time interval between successive blinks is generally constant while awake, 

but varies within a relatively broad range when drowsy. 

20 Numerous devices have been proposed to detect drowsiness of drivers. Such 

devices are shown, for example, in U.S. Patent Nos. 5,841,354; 5,813,99; 

5,689,241;5,684,461; 5,682,144; 5,469,143; 5,402,109; 5,353,013; 5,195,606; 

4,928,090; 4,555,697; 4,485,375; and 4,259,665. In general, these devices fall into 

three categories: i) devices that detect movement of the head of the driver, e.g., tilting; ii) 

25 devices that detect a physiological change in the driver, e.g., altered heanbeat or 

breathing, and iii) devices that detect a physical result of the driver falling asleep, e.g., a 

reduced grip on the steering wheel. None of these devices is believed to have met with 

commercial success. 

Commonly-owned PCT Application Serial Nos. PCT/FR97/01354 and 

JO PCT/EP98/05383 disclose a generic image processing system that operates to localize 
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objects in relative movement in an image and to determine the speed and direction of the 

objects in real-time. Each pixel of an image is smoothed using its own time constant. A 

binary value corresponding to the existence of a significant variation in the amplitude of 

the smoothed pixel from the prior frame, and the amplitude of the variation, are 

s determined, and the time constant for the pixel is updated. For each particular pixel, two 

matrices are formed that include a subset of the pixels spatially related to the particular 

pixel. The first matrix contains the binary values of the subset of pixels. The second 

matrix contains the amplitude of the variation of the subset of pixels. In the first matrix, 

it is determined whether the pixels along an oriented direction relative to the particular 

IO pixel have binary values representative of significant variation, and, for such pixels, it is 

determined in the second matrix whether the amplitude of these pixels varies in a known 

manner indicating movement in the oriented direction. In domains that include 

luminance, hue, saturation, speed, oriented direction, time constant, and x and y position, 

a histogram is formed of the values in the first and second matrices falling in user 

IS selected combinations of such domains. Using the histograms, it is determined whether 

there is an area having the characteristics of the selected combinations of domains. 

It would be desirable to apply such a generic image processing system to detect 

the drowsiness of a person. 

SUMMARY OF THE INVENTION 

20 The present invention is a process of detecting a driver falling asleep in which an 

image of the face of the driver is acquired. Pixels of the image having characteristics 

corresponding to characteristics of at least one eye of the driver are selected and a 

histogram is formed of the selected pixels. The histogram is analyzed over time to 

identify each opening and closing of the eye, and from the eye opening and closing 

2s information, characteristics indicative of a driver falling asleep are determined. 

In one embodiment, a sub-area of the image comprising the eye is determined 

prior to the step of selecting pixels of the image having characteristics corresponding to 

characteristics of an eye. In this embodiment, the step of selecting pixels of the image 

having characteristics of an eye involves selecting pixels within the sub-area of the image. 

30 The step of identifying a sub-area of the image preferably involves identifying the head of 
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the driver, or a facial characteristic of the driver, such as the driver's nostrils, and then 

identifying the sub-area of the image using an anthropomorphic model. The head of the 

driver may be identified by selecting pixels of the image having characteristics 

corresponding to edges of the head of the driver. Histograms of the selected pixels of 

s the edges of the driver's head are projected onto orthogonal axes. These histograms are 

then analyzed to identify the edges of the driver's head. 

The facial characteristic of the driver may be identified by selecting pixels of the 

image having characteristics corresponding to the facial characteristic. Histograms of the 

selected pixels of the facial characteristic are projected onto orthogonal axes. These 

10 histograms are then analyzed to identify the facial characteristic. If desired, the step of 

identifying the facial characteristic in the image involves searching sub-images of the 

image until the facial characteristic is found. In the case in which the facial characteristic 

is the nostrils of the driver, a histogram is formed of pixels having low luminance levels 

to detect the nostrils. To confirm detection of the nostrils, the histograms of the nostril 

JS pixels may be analyzed to determine whether the spacing between the nostrils is wi~ a 

desired range and whether the dimensions of the nostrils fall within a desired range. In 

order to confirm the identification of the facial characteristic, an anthropomorphic model 

and the location of the facial characteristic are used to select a sub-area of the image 

containing a second facial characteristic. Pixels of the image having characteristics 

20 corresponding to the second facial characteristic are selected and a histograms of the 

selected pixels of the second facial characteristic are analyzed to confinn the 

identification of the first facial characteristic. 

In order to detennine openings and closings of the eyes of the driver, the step of 

selecting pixels of the image having characteristics corresponding to characteristics of an 

2s eye of the driver involves selecting pixels having low luminance levels corresponding to 

shadowing of the eye. In this embodiment, the step analyzing the histogram over time to 

identify each opening and closing of the eye involves analyzing the shape of the eye 

shadowing to detennine openings and closings of the eye. The histograms of shadowed 

pixels are preferably projected onto orthogonal axes, and the step of analyzing the shape 

30 of the eye shadowing involves analyzing the width and height of the shadowing. 
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An alternative method of determining openings and closings of the eyes of the 

driver involves selecting pixels of the image having characteristics of movement 

corresponding to blinking. In this embodiment, the step analyzing the histogram over 

time to identify each opening and closing of the eye involves analyzing the number of 

5 pixels in movement corresponding to blinking over time. The characteristics of a 

blinking eye are preferably selected from the group consistµ,g of i) DP= 1, ii) CO 

indicative of a blinking eyelid, iii) velocity indicative of a blinking eyelid, and iv) up and 

down movement indicative of a blinking eyelid. 

An apparatus for detecting a driver falling asleep includes a sensor for acquiring 

10 an image of the face of the driver, a controller, and a histogram fonnation unit for 

forming a histogram on pixels having selected characteristics. The controller controls the 

histogram formation unit to select pixels of the image having characteristics 

corresponding to characteristics of at least one eye of the driver and to fonn a histogram 

of the selected pixels. The controller analyzes the histogram over time to identify each 

15 opening and closing of the eye, and determines from the opening and closing information 

on the eye, characteristics indicative of the driver falling asleep. 

In one embodiment, the controller interacts with the histogram formation unit to 

identify a sub-area of the image comprising the eye, and the controller controls the 

histogram formation unit to select pixels of the i_mage having characteristics 

20 corresponding to characteristics of the eye only within the sub-area of the image. In 

order to select the sub-area of the image, the controller interacts with the histogram 

formation unit to identify the head of the driver in the image, or a facial characteristic of 

the driver, such as the driver's nostrils. The controller then identifies the sub-area of the 

image using an anthropomorphic model. To identify the head of the driver, the 

25 histogram formation unit selects pixels of the image having characteristics corresponding 

to edges of the head of the driver and forms histograms of the selected pixels projected 

onto orthogonal axes. To identify a facial characteristic of the driver, the histogram 

formation unit selects pixels of the image having characteristics corresponding to the 

facial characteristic and forms histograms of the selected pixels projected onto 

JO orthogonal axes. The controller then analyzes the histograms of the selected pixels to 
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identify the edges of the head of the driver or the facial characteristic, as the case may be. 

If the facial characteristic is the nostrils of the driver, the histogram fonnation unit selects 

pixels of the image having low luminance levels corresponding to the luminance level of 

the nostrils. The controller may also analyze the histograms of the nostril pixels to 

s determine whether the spacing between the nostrils is within a desired range and whether 

dimensions of the nostrils fall within a desired range. If desired, the controller may 

interact with the histogram fonnation unit to search sub-images of the image to identify 

the facial characteristic. 

In order to verify identification of the facial characteristic, the controller uses an 

IO anthropomorphic model and the location of the facial characteristic to cause the 

histogram fonnation unit to select a sub-area of the image containing a second facial 

characteristic. The histogram fonnation unit selects pixels of the image in the sub-area 

having characteristics corresponding to the second facial characteristic and forms a 

histogram of such pixels. The controller then analyzes the histogram of the selected 

1s pixels corresponding to the second facial characteristic to identify the second facial 

characteristic and to thereby confinn the identification of the first facial characteristic. 

In one embodiment, the histogram formation unit selects pixels of the image 

having low luminance levels corresponding to shadowing of the eyes, and the controller 

then analyzes the shape of the eye shadowing to identify shapes corresponding to 

20 openings and closings of the eye. The histogram formation unit preferably forms 

histograms of the shadowed pixels of the eye projected onto orthogonal axes, and the 

controller analyzes the width and height of the shadowing to determine openings and 

closings of the eye. 

In an alternative embodiment, the histogram fonnation unit selects pixels of the 

25 image in movement corresponding to blinking and the controller analyzes the number of 

pixels in movement over time to determine openings and closings of the eye. The 

characteristics of movement corresponding to blinking are preferably selected from the 

group consisting of i) DP= I, ii) CO indicative of a blinking eyelid, iii) velocity indicative 

of a blinking eyelid, and iv) up and down movement indicative of a blinking eyelid. 
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If desired, the sensor may be integrally constructed with the controller and the 

histogram fonnation unit. The apparatus may comprise an alarm, which the controller 

operates upon detection of the driver falling asleep, and may comprise an illumination 

source, such as a source of IR radiation, with the sensor being adapted to view the driver 

5 when illuminated by the illumination source. 

A rear-view mirror assembly comprises a rear-view mirror and the described 

apparatus for detecting driver drowsiness mounted to the rear-view mirror. In one 

embodiment, a bracket attaches the apparatus to the rear-view mirror. In an alternative 

embodiment, the rear-view mirror comprises a housing having an open side and an 

10 interior. The rear-view mirror is mounted to the open side of the housing, and is see-

through from the interior of the housing to the exterior of the housing. The drowsiness 

detection apparatus is mounted interior to the housing with the sensor directed toward 

. the rear-view mirror. If desired, a joint attaches the apparatus to the rear-view mirror 

assembly, with the joint being adapted to ~aintain the apparatus in a position facing the 

15 driver during adjustment of the mirror assembly by the driver. The rear-view mirror 

assembly may include a source of illumination directed toward the driver, with the sensor 

adapted to view the driver when illuminated by the source of illumination. The rear-view 

mirror assembly may also include an alann, with the controller operating the alarm upon 

detection of the driver falling asleep. Also disclosed is a vehicle comprising the 

20 drowsiness detection device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. I is a diagrammatic illustration of the system according to the invention. 

Fig. 2 is a block diagram of the temporal and spatial processing units of the 

invention. 

25 Fig. 3 is a block diagram of the temporal processing unit of the invention. 

Fig. 4 is a block diagram of the spatial processing unit of the invention. 

Fig. 5 is a diagram showing the processing of pixels in accordance with the 

invention. 

Fig. 6 illustrates the numerical values of the Freeman code used to determine 

30 movement direction in accordance with the invention. 
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Fig. 7 illustrates nested matrices as processed by the temporal processing unit. 

Fig. 8 illustrates hexagonal matrices as processed by the temporal processing 

unit. 

Fig. 9 illustrates reverse-L matrices as processed by the temporal processing unit. 

s fig. IO illustrates angular sector shaped matrices as processed by the temporal 

processing unit. 

Fig. 11 is a block diagram showing the relationship between the temporal and 

spatial processing units, and the histogram formation units. 

Fig. 12 is a block diagram showing the interrelationship between the various 

10 histogram formation units. 

Fig. 13 shows the formation of a two-dimensional histogram of a moving area 

from two one-dimensional histograms. 

Fig. 14 is a bloc~ diagram of an individual histogram formation unit. 

Figs. I SA and 15B illustrate the use of a histogram formation unit to find the 

15 orientation of a line relative to an analysis axis. 

Fig. 16 illustrates a one-dimensional histogram. 

Fig. 17 illustrates the use of semi-graphic sub-matrices to selected desired areas 

ofan image. 

Fig. 18 is a side view illustrating a rear view mirror in combination with the 

20 drowsiness detection system of the invention. 

Fig. 19 is a top view illustrating operation of a rear view mirror. 

Fig. 20 is a schematic illustrating operation of a rear view mirror. 

Fig. 21 is a cross-sectional top view illustrating a rear view mirror assembly 

incorporating the drowsiness detection system of the invention. 

25 Fig. 22 is a panial cross-sectional top view illustrating a joint supporting the 

drowsiness detection system of the invention in the mirror assembly of Fig. 21. 

Fig. 23 is a top view illustrating the relationship between the rear view mirror 

assembly of Fig. 21 and a driver. 

Fig. 24 illustrates detection of the edges of the head of a person using the system 

JO of the invention. 
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Fig. 25 illustrates masking outside of the edges of the head of a person. 

Fig. 26 illustrates masking outside of the eyes of a person. 

Fig. 27 illustrates detection of the eyes of a person using the system of the 

invention. 

s Fig. 28 illustrates successive blinks in a three-dimensional onhogonal coordinate 

system. 

Figs. 29A and 29B illustrate conversion of peaks and valleys of eye movement 

histograms to infonnation indicative of blinking. 

Fig. 30 is a flow diagram illustrating the use of the system of the invention to 

10 detect drowsiness. 

Fig. 31 illustrates the use of sub-images to search a complete image. 

Fig. 32 illustrates the use of the system of the invention to detect nostrils and to 

track eye movement. 

Fig. 33 illustrates the ~se of the system of the invention to detect an open eye. 

IS Fig. 34 illustrates the use of the system of the invention to detect a closed eye. 

Fig. 3 5 is a flow diagram of an alternative method of detecting drowsiness. 

Fig. 36 illustrates use of the system to detect a pupil. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention discloses an application of the generic image processing 

20 system disclosed in commonly-owned PCT Application Serial Nos. PCT/FR97/OI354 

and PCT/EP98/O5383, the contents of which are incorporated herein by reference for 

detection of various criteria associated with the human eye, and especially to detection 

that a driver is falling asleep while driving a vehicle. 

The apparatus of the invention is similar to that described in the aforementioned 

2s PCT Application Serial Nos. PCT/FR97/O1354 and PCT/EP98/O5383, which will be 

described herein for purposes of clarity. Refening to Figs. 1 and 10, the generic image 

processing system 22 includes a spatial and temporal processing unit 11 in combination 

with a histogram fonnation unit 22a. Spatial and temporal processing unit 11 includes 

an input 12 that receives a digital video signal S originating from a video camera or other 

JO imaging device 13 which monitors a scene 13a. Imaging device 13 is preferably a 
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conventional CMOS-type CCD camera, which for purposes of the presently-described 

invention is mounted on a vehicle facing the driver. It will be appreciated that when used 

in non-vehicular applications, the camera may be mounted in any desired fashion to 

detect the specific criteria of interest. It is also foreseen that any other appropriate 

5 sensor, e.g., ultrasound, IR, Radar, etc., may be used as the imaging device. Imaging 

device 13 may have a direct digital output, or an analog output that is converted by an 

AID converter into digital signal S. Imaging device 13 may also be integral with generic 

image processing system 22, if desired. 

While signal S may be a progressive signal, it is preferably composed of a 

10 succession of pairs of interlaced frames, TR1 and TR'1 and TR2 and TR'2, each consisting 

of a succession of horizontal scanned lines, e.g., 11.1, lt.2, ... ,lt.11 in TR1, and 2.1 in TR2. 

Each line consists of a succession of pixels or image-points Pl, e.g., a1.1, a1.2 and a1.l for 

line lu; al1,.1 and al11.22 for line lt.1,; al1.1 and a1.2 for line h.1. Signal S(PI) represents 

signal S composed o_f pixels Pl. 

15 S(PI) includes a frame synchronization signal (ST) at the beginning of each 

frame, a line synchronization signal (SL) at the beginning of each line, and a blanking 

signal (BL). Thus, S(PI) includes a succession frames, which are representative of the 

time domain, and within each frame, a series of lines and pixels, which are representative 

of the spatial domain. 

20 In the time domain, "successive frames" shall refer to successive frames of the 

same type (i.e., odd frames such as TR1 or even frames such as TR'1), and "successive 

pixels in the same position" shall denote successive values of the pixels (PI) in the same 

location in successive frames of the same type, e.g., a1.1 ofl1.1 in frame TR1 and a1.1 ofl1.1 

in the next corresponding frame TR2 

25 Spatial and temporal processing unit 11 generates outputs ZH and SR 14 to a 

data bus 23 (Fig. 11), which are preferably digital signals. Complex signal ZH comprises 

a number of output signals generated by the system, preferably including signals 

indicating the existence and localization of an area or object in motion, and the speed V 

and the oriented direction of displacement DI of each pixel of the image. Also preferably 

30 output from the system is input digital video signal S, which is delayed (SR) to make it 
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synchronous with the output ZH for the frame, taking into account the calculation time 

for the data in composite signal ZH (one frame). The delayed signal SR is used to 

display the image received by camera 13 on a monitor or television screen 10, which may 

also be used to display the infonnation contained in composite signal ZH. Composite 

s signal ZH may also be transmitted to a separate processing assembly 1 0a in which funher 

processing of the signal may be accomplished. 

Referring to Fig. 2, spatial and temporal processing unit 11 includes a first 

assembly 11 a, which consists of a temporal processing unit 1 S having an associated 

memory 16, a spatial processing unit 17 having a delay unit 18 and sequencing unit l 9, 

10 and a pixel clock 20, which generates a clock signal HP, and which serves as a clock for 

temporal processing unit 15 and sequencing unit 19. Clock pulses HP are generated by 

clock 20 at the pixel rate of the image, which is preferably 13.S l\1HZ. 

Fig. 3 shows the operation of temporal processing unit l S, the function of which 

is tQ smooth the video signal and generate a number of outputs that are utilized by spatial 

IS processing unit 17. During processing, temporal processing unit 1 S retrieves from 

memory 16 the smoothed pixel values LI of the digital video signal from the immediately 

prior frame, and the values of a smoothing time constant CI for each pixel. As used 

-herein, LO and CO shall be used to denote the pixel values (L) and time constants (C) 

stored in memory I 6 from temporal processing unit l S, and LI and CI shall denote the 

20 pixel values (L) and time constants (C) respectively for such values retrieved from 

memory 16 for use by temporal processing unit IS. Temporal processing unit 15 

generates a binary output signal DP for each pixe~ which identifies whether the pixel has 

undergone significant variation, and a digital signal CO, which represents the updated 

calculated value of time constant C. 

2s Referring to Fig. 3, temporal processing unit IS includes a first block 15a which 

receives the pixels PI of input video signal S. For each pixel PI, the temporal processing 

unit retrieves from memory 16 a smoothed value LI of this pixel from the immediately 

preceding corresponding frame, which was calculated by temporal processing unit 15 

during processing of the immediately prior frame and stored in memory 16 as LO. 

JO Temporal processing unit IS calculates the absolute value AB of the difference between 
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each pixel value PI and LI for the same pixel position (for example a1•1, of 11.1 in TR1 and 

ofl1•1 in TRi: 

AB= IPI-LI 

Temporal processing unit JS is controlled by clock signal HP from clock 20 in 

s order to maintain synchronization with the incoming pixel stream. Test block 15b of 

temporal processing unit 15 receives signal AB and a threshold .value SE. Threshold SE 

may be constant, but preferably varies based upon the pixel value PI, and more preferably 

varies with the pixel value so as to form a gamma correction. Known means of varying 

SE to form a gamma correction is represented by the optional block I Se shown in dashed 

10 lines. Test block !Sb compares, on a pixel-by-pixel basis, digital signals AB and SE in 

order to determine a binary signal DP. If AB exceeds threshold SE, which indicates that 

pixel _value PI has undergone significant variation as compared to the smoothed value LI 

of the same pixel in the prior frame, DP is set to "I" for the pixel under consideration. 

Otherwise, DP is set to "O" for such pixel. 

15 When DP 1, the difference between the pixel value PI and smoothed value LI 

of the same pixel in the prior frame is considered too great, and temporal processing unit 

I 5 attempts to reduce this difference in subsequent frames by reducing the smoothing 

time constant C for that pixel. Conversely, if DP = 0, temporal processing unit 15 

attempts to increase this difference in subsequent frames by increasing the smootb4tg 

20 time constant C for that pixel. These adjustments to time constant Casa function of the 

value of DP are made by block I Sc. IfDP = I, block 1Sc reduces the time constant by a 

unit value U so that the new value of the time constant CO equals the old value of the 

constant CI minus unit value U. 

CO=CI-U 

25 If DP = 0, block I Sc increases the time constant by a unit value U so that the new 

value of the time constant CO equals the old value of the constant Cl plus unit value U. 

CO=Cl+U 

Thus, for each pixel, block 15c receives the binary signal DP from test unit 15b 

and time constant CI from memory 16, adjusts CI up or down by unit value U, and 
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generates a new time constant CO which is stored in memory 16 to replace time constant 

Cl. 

In a preferred embodiment, time constant C, is· in the form 2P, where p is 

incremented or decremented by unit value U, which preferably equals 1, in block lSc. 

s Thus, if DP = I, block I Sc subtracts one (for the case where U= 1) from p in the time 

constant 2P which becomes 2P•t. If DP = 0, block I Sc adds one to p in time constant 2P, 

which becomes 2P• 1
• The choice ofa time constant·ofthe form 2P facilitates calculations 

and thus simplifies the structure of block 1 Sc. 

Block I Sc includes several tests to ensure proper operation of the system. First, 

JO CO must remain within defined limits. In a preferred embodiment, CO must not become 

negative (CO :::, 0) and it must not exceed a limit N (CO ::: N), which is preferably seven. 

In the instance in which CI and CO are in the fonn 2P, the upper limit N is the maximum 

value for p. 

The upper limit N may be constant, but is preferably variable. An optional input 

15 unit lSf includes a register of memory that enables the user, or controller 42 to vary N. 

The consequence of increasing N is to increase the sensitivity of the system to detecting 

displacement of pixels, whereas reducing N improves detection of high speeds. N may 

be made to depend on PI (N may vary on a pixel-by-pixel basis, if desired) in order to 

regulate the variation of LO as a function of the_ lever of Pl, i.e., Nij1 = f(Plij,), the 

20 calculation of which is done in block I Sf, which in this case would receive the value of PI 

from video camera 13. 

Finally, a calculation block I Sd receives, for each pixel, the new time constant 

CO generated in block 1 Sc, the pixel values PI of the incoming video signal S, and the 

smoothed pixel value LI of the pixel in the previous frame from memory 16. Calculation 

25 block I Sd then calculates a new smoothed pixel value LO for the pixel as follows: 

LO=LI + (PI • Ll)/CO 

If CO = 2P, then 

LO=LI + (PI • Ll)/2po 

where "po", is the new value of p calculated in unit 15c and which replaces previous 

JO value of "pi" in memory 16. 
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The purpose ·or the smoothing operation is to nonnalize variations in the value of 

each pixel PI of the incoming video signal for reducing the variation differences. For 

each pixel of the frame, temporal processing unit 15 retrieves LI and CI from memory 

16, and generates new values LO (new smoothed pixel value) and CO (new time 

s constant) that are stored in memory 16 to replace LI and Cl respectively. As shown in 

Fig. 2, temporal processing unit 15 transmits the CO and DP. values for each pixel to 

spatial processing unit 17 through the delay unit 18; 

The capacity of memory 16 assuming that there are R pixels in a frame, and 

therefore 2R pixels per complete image, must be at least 2R(e+f) bits, where e is the 

10 number of bits required to store a single pixel value LI (preferably eight bits}, and f is the 

number of bits required to store a single time constant Cl (preferably 3 bits). If each 

video image is composed of a single frame (progressive image), it is sufficient to use 

R( e+f) bits rather than 2R( e+f) bits. 

Spatial processing unit 17 is used to identify an area in relative movement in the 

15 images from camera 13 and to determine the speed and oriented direction of the 

· movement. Spatial processing unit 17, in conjunction with delay unit 18, co-operates 

with a control unit 19 that is controlled by clock 20, which generates clock pulse HP at 

the pixel frequency. Spatial processing unit 17 receives signals OP;; and COij (where i 

and j correspond to the x and y coordinates of the pixel) from temporal processing unit 

20 IS and processes these signals as discussed below. Whereas temporal processing unit I 5 

processes pixels within each frame, spatial processing unit 17 processes groupings of 

pixels within the frames. 

Fig. S diagrammatically shows the temporal processing of successive 

corresponding frame sequences TR1, TR2, TR3 and the spatial processing in the these 

25 frames of a pixel Pl with coordinates x, y, at times t1, ti, and t3• A plane in Fig. 5 

corresponds to the spatial processing of a frame, whereas the superposition of frames 

corresponds to the temporal processing of successive frames. 

Signals DPij and COij from temporal processing unit IS are distributed by spatial 

processing unit 17 into a first matrix 21 containing a number of rows and columns much 

JO smaller than the number of lines L of the frame and the number of pixels M per line. 
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Matrix 21 preferably"includes 2/ + I lines along the y axis and 2m+I columns along the x 

axis (in Cartesian coordinates), where / and m are small integer numbers. 

Advantageously,/ and mare chosen to be powers of 2, where for example/ is equal to 21 

and m is equal to i, a and b being integer numbers of about 2 to 5, for example. To 

5 simplify the drawing and the explanation, m will be taken to be equal to / (although it 

may be different) and m=/=23=8. In this case, matrix 21 will have 2 x 8 + I = 17 rows 

and 17 columns. Fig. 4 shows a portion of the I 7 rows Yo, Y1, ... Y1,, Y16, and 17 

columns Xo, X1, ... Xu, X16 which fonn matrix 21. 

Spatial processing unit 17 distributes into / x m matrix 21 the incoming flows of 

10 Dpij1 and COj1 from temporal processing unit 15. It will be appreciated that only a subset 

of all DPij1 and CO;j1 values will be included in matrix 21, since the frame is much larger, 

having L lines and M pixels per row (e.g., 312.5 lines and 250-800 pixels), dependi,tg 

upon the TV standard used. 

In order to distinguish the L x M matrix of the incoming video signal from the / x · 

Is m matrix 21 of spatial processing unit 17, the indices i and j will be used to represent the 

coordinates of the former matrix and the indices x and y will be used to represent the 

coordinates of the latter. At a given instant, a pixel with an instantaneous value Plu, is 

characterized at the input of the spatial processing unit 17 by signals DPu, and COij1, The 

(2/+ 1 ) x (2m + I) matrix 21 is fonned by scanning each of the L x M matrices for DP 

20 and CO. 

In matrix 21, each pixel is defined by a row number between O and 16 (inclusive), 

for rows Yo to Y16 respectively, and a column number between O and 16 (inclusive), for 

columns Xo to X16 respectively, in the case in which / = m = 8. In this case, matrix 21 

will be a plane of 17 x 17 = 289 pixels. 

25 1n Fig. 4, elongated horizontal rectangles Y0 to Y16 (only four of which have been 

shown, i.e., Yo, Y1, Yu and Y16) and venical lines Xo to X16 (of which only four have 

been shown, i.e., Xo, X1, Xu and X16 ) illustrate matrix 21 with 17 x 17 image points ·or 

pixels having indices defined at ·the intersection of an ordinate row and an abscissa 

column. For example, the Paa is at the intersection of column 8 and row 8 as illustrated 

JO in Fig. 4 at position ~. which is the center of matrix 21. 
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In response to the HP and BL signals from clock 20 (Fig. 2), a rate control or 

sequencing unit 19: i) generates a line sequence signal SL at a frequency equal to the 

quotient of 13.5 MHZ (for an image with a corresponding number of pixels) divided by 

the number of columns per frame (for example 400) to delay unit 18, ii) generates a 

s frame signal SC, the frequency of which is equal to the quotient 13.5/400 MHZ divided 

by the number of rows in the video image, for example 312.5, iii) and outputs the HP 

clock signal. Blanking signal BL is used to render sequencing unit 19 non-operational 

during synchronization signals in the input image. 

A delay unit 18 carries out the distribution of portions of the L x M matrix into 

10 matrix 21. Delay unit 18 receives the DP, CO, and incoming pixel S(Pl) signals, and 

distributes these into matrix 21 using clock signal HP and line sequence and column 

sequence signals SL and SC. 

In order to form matrix 21 from the incoming stream of DP and CO signals, the 

successive row, Yo to Y 16 for the DP and CO signals must be delayed as follows: 

15 row Yo - not delayed; 

row Y 1 - delayed by the duration of a frame line TP; 

row Y 2 - delayed by 2 TP; 

and so on until 

row Y16 - delayed by 16 TP. 

20 The successive delays of the duration of a frame row TP, are carried out in a · 

cascade of sixteen delay circuits r1,ri, ... r16 that serve rows Y1,Y2 ... Y 16, respectively, row 

Yo being served directly by the DP and CO signals without any delay upon arriving from 

temporal processing unit I 5. All delay circuits r1,ri, ... r16 may be built up by a delay line 

with sixteen outputs, the delay imposed by any section thereof between two successive 

25 outputs being constant and equal to TP. 

Rate control unit 19 controls the scanning of the entire L x M frame matrix over 

matrix 21. The circular displacement of pixels in a row of the frame matrix on the J 7 x 

17 matrix, for example from Xo to X16 on row Yo, is done by a cascade of sixteen shift 

registers d on each of the 17 rows from Yo to Y 16 (giving a total of 16 x 17 = 272 shift 

JO registers)° placed in each row between two successive pixel positions, namely the register 
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d01 between positions Ploo and Plo1 register d02 between positions Plo1, and Plo2, etc. 

Each register imposes a delay TS equal to the time difference between two successive 

pixels in a row or line, using column sequence signal SC. Because rows Ii, 12 ... / 17 in a 

frame TR1 (Fig. 1), for S(PI) and for DP and CO, reach delay unit 18 shifted by TP 

5 (complete duration of a row) one after the other, and delay unit 18 distributes them with 

gradually increasing delays of TP onto rows Y 0, Y 1 ... Y 11, these rows display the DP 

and CO signals at a given time for rows /1,/2 ... / 17 in- the same frame ponion. Similarly in 

a given row, e.g., /1, successive pixel signals au, ai.2 ... arrive shifted by TS and shift 

registers d impose a delay also equal to TS. As a result, the pixels of the DP and CO 

10 signals in a given row Yo to Y 16 in matrix 21, are contemporary, i.e., they correspond to 

the same frame ponion. 

The signals representing the COs and DPs in matrix 21 are available at a given 

instant on the 16 x 17 = 2 72 outputs of the shift registers, as well as upstream of the 

registers ahead of the 17 _rows, i.e., registers d0•1, du .... d16.1, which makes a total ofl6 x 

15 17 + 17 = 17 x 17 outputs for the 17 x 17 positions P0•0,Po.1, ... Pa.a ... P16.16, 

20 

In order to better understand the process of spatial processing, the system will be 

described with respect to a small matrix M3 containing 3 rows and 3 columns where the 

central element of the 9 elements thereof is pixel ~ with coordinates x = 8, y = 8 as 

illustrated below: 

a b c 

d e f (M3) 

g h 

In matrix M3, positions a, b, c, d, f, g, h, i around the central pixel ~ correspond 

25 to eight oriented directions relative to the central pixel. The eight directions may be 

identified using the Freeman code illustrated in Fig. 6, the directions being coded O to 7 

staning from the x axis, in steps of 4S-. In the Freeman code, the eight possible oriented 

directions, may be represented by·a 3-bit number since i3 = 8. 

Considering matrix M3, the 8 directions of the Freeman code are as follows: 

30 
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3 2 I 

4 ~ 0 

5 6 7 

PCT/EP99/00300 

s Returning to matrix 21 having 17 x 17 pixels, a calculation unit 17a examines at 

the same time various nested square second matrices centered on ~ with dimensions 15 x 

I 5, 13 x 13, 11 x 11, 9 x 9, 7 x 7, 5 x 5 and 3 x 3, within matrix 21, the 3 x 3 matrix 

being the M3 matrix mentioned above. Spatial processing unit 17 detennines which 

matrix is the smallest in which pixels with DP = 1 are aligned along a straight line which 

10 determines the direction of movement of the aligned pixels. 

For the aligned pixels in the matrix, the system detennines if CO varies on each 

side of the central position in the direction of alignment, from +a in an oriented direction 

and -a in the opposite oriented direction, where 1 <a<N. For example, if positions g, e, 

and c of M3 have values -1, 0, + l, then a displacement_ exists in this matrix from right to 

15 left in the (oriented) direction l in the Freeman code (Fig. 6). However, positions g, e, 

and c must at the same time have DP = I. The disp!ac~ment speed of the pixels in motion 

is greater when the matrix, among the 3 x 3 to 15 x 15 nested matrices, in which CO 

varies from + 1 or -1 between two adjacent positions along a direction is larger. For 

example, if positions g, e, and c in the 9 x 9 matrix denoted M9 have values - l, 0, + 1 in 

20 oriented direction l, the displacement will be faster than for values -1, 0, + l in 3 x 3 

matrix M3 (Fig. 7). The smallest matrix for which a line meets the test of DP=I for the 

pixels in the line and CO varies on each side of the central position in the direction of 

alignment, from +a in an oriented direction and -a in the opposite oriented direction, is 

chosen as the principal line ofinterest. 

2.5 Within a given matrix, a greater value of ACO indicates slower movement. For 

example, in the smallest matrix, i.e., the 3x3 matrix, CO=A2 with DPs=! detennines 

subpixel movement i.e.· one half pixel per image, and CO=A3, indicates slower 

movement, i.e. one third of a pixel per image. In order to reduce the calculation power 

in the system and to simplify the hardware, preferably only those values of CO which are 

30 symmetrical relative to the central pixel are considered. 
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Since CO is represented as a power of 2 in a prefe~ed embodiment, an extended 

range of speeds may be identified using only a few bits for CO, while still enabling 

identification of relatively low speeds. Varying speed may be detected because, for 

example -2, 0, +2 in positions g, e, c in 3 x 3 matrix M3 indicates a speed half as fast as 

s the speed corresponding to J, 0, + J for the same positions in matrix MJ. 

Two tests are preferably performed on the results to remove uncertainties. The 

first test chooses the strongest variation, in other ·words the highest time constant, if 

there are variations of CO along several directions in one of the nested matrices. The 

second test arbitrarily chooses o~e of two (or more) directions along which the variation 

10 of CO is identical, for example by choosing the smallest value of the Freeman code, in 

the instance when identical lines of motion are directed in a single matrix in different 

directions. This usually arises when the actual direction of displacement is approximately 

between two successive coded directions in the Freeman code, for example between 

dir~ctions I and 2 corresponding to an (oriented) direction that can be denoted J.5 (Fig. 

IS 6) of about 67.5- with the x axis direction (direction O in the Freeman code). 

The scanning of an entire frame of the digital video signal S preferably occurs in 

the following sequence. The first group of pixels considered is the first 17 rows or lines 

of the frame, and the first J 7 columns of the frame. Subsequently, still for the first 17 

rows of the frame, the matrix is moved column by column from the left of the frame to 

20 the right, as shown in Fig. 5, i.e., from portion TM 1 at the extreme left, then TM2 offset 

by one column with respect to TM1, until ThlM (where M is the number of pixels per 

frame line or row) at the extreme right. Once the first 17 rows have been considered for 

each column from left to right, the process is repeated for rows 2 to J 8 in the frame. 

This process continues, shifting down one row at a time until the last group of lines at 

2S the bottom of the frame, i.e., lines L - 16 ... L (where L is the number of lines per frame) 

are considered. 

Spatial processing unit 17 generates the following output signals for each pixel: i) 

a signal V representing the displacement speed for the pixel, based upon the amplitude of 

the maximum variation of CO surrounding the pixel, the value of which may be, for 

30 example, represented by an integer in the range O - 7 if the speed is in the fonn of a 
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power of 2, and therefore may be stored in 3 bits, ii) a signal DI representing the 

direction of displacement of the pixel, which is calculated from the direction of maximum 

variation, the value of DI being also preferably represented by an integer in the range O -

7 corresponding to the Freeman code, stored in 3 bits, iii) a binary validation signal VL 

s which indicates whether the result of the speed and oriented direction is valid, in order to 

be able to distinguish a valid output with V = 0 and DI = 0, from the lack of an output 

due to an incident, this signal being I for a valid output or O for an invalid output, iv) a 

time constant signal CO, stored in 3 bits, for example, and v) a delayed video signal SR 

consisting of the input video signal S delayed in the delay unit 18 by I 6 consecutive line 

10 durations TR and therefore by the duration of the distribution of the signal S in the l 7x 

17 matrix 21, in order to obtain a video signal timed to matrix. 21, which may be 

displayed on a television set or monitor. Also output are the clock signal HP, line 

sequence signal SL and column sequence signal SC from control unit 19. 

Nested hexagonal matrices (Fig 8) or an inverted L-shaped matrix (Fig. 9) may 

15 be substituted for the nested rectangular matrices in Figs. 4 and 7. In the case shown in 

Fig. 8, the nested matrices (in which only .the most central matrices MRI and MR2 have 

been shown) are all centered on point MRO which corresponds to the central point of 

matrices M3, M9 in Fig. 7. The advantage of a hexagonal matrix system is that it allows 

the use of oblique coordinate axes x., y., and a breakdown into triangles with identical 

20 sides, to carry out an isotropic speed calculation. 

The matrix in Fig. 9 is composed of a single row (Lu) and a single column (Cu) 

starting from the central position MR.. in which the two signals DP and CO respectively 

are equal to "1" for DP and increase or decrease by one unit for CO, if movement 

occurs. 

25 If movement is in the direction of the x coordinate, the CO signal is identical in 

all positions (boxes) in column Cu, and the binary signal DP is equal to l in all positions 

in row Lu, from the origin MR.., with the value COu, up to the position in which CO is 

equal to COu +I or -1 inclusive. :If movement is in the direction of they coordinate, the 

CO signal is identical in all positions (boxes) in row Lu, and the binary signal DP is equal 

30 to 1 in all positions in column Cu, from the origin MR.., with the value COu, up to the 
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position in which CO is equal to COu, + 1 or -1 inclusive. If movement is oblique relative 

to the x and y coordinates, the binary signal DP is equal to 1 and CO is equal to COu in 

positions (boxes) of Lu and in positions (boxes) of Cu, the slope being determined by the 

perpendicular to the line passing through the two positions in which the signal COu 

5 changes by the value of one unit, the DP signal always being equal to 1. 

Fig. 9 shows the case in which DP = I and COu changes value by one unit in the 

two specific positions Lw and Cu, and indicates the corresponding slope Pp. In all cases, 

the displacement speed is a function of the position in which CO changes value by one 

unit. If CO changes by one unit in Lu or Cu only, it corresponds to the value of the CO 

IO variation position. If CO changes by one unit in a position in Lu and in a position in Cu, 

the speed is proportional to the distance between MR., and Ex (intersection of the line 

perpendicular to Cu- Lu passing through MR.,). 

Fig. 10 shows an imaging device with sensors located at the intersections of 

concentric lines c and radial lines d that correspond to the rows and columns of a 

15 rectangular matrix imaging device. The operation of such an imaging device is 

controlled by a circular scanning sequencer. In this embodiment, angular sector shaped n 

x n matrices MC are fonned, (a 3x3 matrix MC3 and a SxS matrix MCS are shown) and 

except for sequencing differences, the matrices are processed identical to the square 

matrix embodiments discussed above. 

20 As shown in Figs. 11-16, spatial and temporal processing unit 11 is used in 

coMection with a histogram processor 22a for identifying objects within the input signal 

based upon user specified criteria for identifying such objects. A bus Z-Z1 (See Figs. 2, 

11 and 12) tra.nsfers. the output signals of spatial and temporal processing unit 11 to 

histogram processor 22a. Histogram processor 22a generates composite output signal 

25 ZH which contains infonnation on the areas in relative movement in the scene. 

Referring to Fig. 12, histogram processor 22a includes a bus 23 for 

communicating signals between the various components thereof, for receiving input 

commands from a controller 42 and for transmitting output signals to controller 42. 

Histogram formation and processing blocks 24 - 29 receive the various input signals, i.e., 

JO delayed digital video signal SR, speed V, oriented directions (in Freeman code) DI, time 
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constant CO, first axis x(m) and second axis y(m), which are discussed in detail below. 

The function of each histogram formation block is to enable a histogram to be formed for 

the domain associated with that block. For example, histogram formation block 24 

receives the delayed digital video signal SR and enables a histogram to be formed for the 

5 luminance values of the video signal. Since the luminance of the signal will generally be 

represented by a number in the range of 0-255, histogram formation block 24 is 

preferably a memory addressable with 8 bits, with each memory location having a 

sufficient number of bits to correspond to the number of pixels in a frame. 

Histogram formation block 25 receives speed signal V and enables a histogram to 

10 be formed for the various speeds present in a frame. In a preferred embodiment., the 

speed is an integer in the range 0-7. Histogram formation block 25 is then preferably a 

memory addressable with 3 bits, with each memory location having a sufficient number 

of bits to correspond to the number of pixels in a frame. 

Histogram formation block 26 receives oriented direction signal DI and enables a 

15 histogram to be formed for the oriented directions present in a frame. In a preferred 

embodiment, the oriented direction is an integer in the range 0-7, corresponding to the 

Freeman code. Histogram formation block 26 is then preferably a memory addressable 

with 3 bits, with each memory location having a sufficient number of bits to correspond 

to the number of pixels in a frame. 

20 Histogram formation block 27 receives time constant signal CO and enables a 

histogram to be formed for the time constants of the pixels in a frame. In a preferred 

embodiment, the time constant is an integer in the .range 0-7. Histogram formation block 

27 is then preferably a memory addressable with 3 bits, with each memory location 

having a sufficient number of bits to correspond to the number of pixels in a frame. 

25 Histogram formation blocks 28 and 29 receive the x and y positions respectively 

of pixels for which a histogram is to be formed, and form histograms for such pixels, as 

discussed in greater detail below. Histogram formation block 28 is preferably 

addressable with the number of bits corresponding to the number of pixels in a line, with 

each memory location having a sufficient number of bits to correspond to the number of 

JO lines in a frame, and histogram formation block 29 is preferably addressable with the 
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number of bits corresponding to the number of lines in a frame, with each memory 

location having a sufficient number of bits to correspond to the number of pixels in a line. 

Referring to Figs. 12 and 14, each of the histogram formation blocks 24 - 29 has 

an associated validation block 30 - 35 respectively, which generates a validation signal 

5 VJ - V6 respectively. In general, each of the histogram formation blocks 24-29 is 

identical to the others and functions in the same manner. For. simplicity, the invention 

will be described with respect to the operation of histogram formation block 25, it being 

appreciated that the remaining histogram formation blocks operate in a like manner. 

Histogram formation block 25 includes a histogram forming portion 25a, which forms 

10 the histogram for that block, and a classifier 25b, for selecting the criteria of pixels for 

which the histogram is to be formed. Histogram forming portion 25a and classifier 25b 

operate under the control of computer software in an integrated circuit (not shown), to 

extract certain limits of the histograms generated by the histogram formation block, and 

to control operation of the various components of the histogram formation units. 

15 Referring to Fig. 14, histogram forming portion 25a includes a memory 100, 

which is preferably a conventional digital memory. In the case of histogram formation 

block 25 which forms a histogram of speed, memory I 00 is sized to have addresses 0-7, 

each of which may store up to the number of pixels in an image. Between frames, 

memory I 00 is initiated, i.e., cleared of all memory, by setting init=I in multiplexors 102 

20 and 104. This has the effect, with respect to multiplexor 102 of selecting the "0" input, 

which is output to the Data In line of memory I 00. At the same time, setting init=l 

causes multiplexor I 04 to select the Counter input, which is output to the Address line of 

memory I 00. The Counter input is connected to a counter (not shown) that counts 

through all of the addresses for memory I 00, in this case O,5address:9. This has the 

25 effect of placing a zero in all memory addresses of memory 100. Memory 100 is 

preferably cleared during the blanking interval between each frame. After memory 100 is 

cleared, the inil line is set to zero, which in the case of multiplexor I 02 results in the 

content of the Data line being sent to memory I 00, and in the case of multiplexor I 04 

results in the data from spatial processing unit 117, i.e., the V data, being sent to the 

30 Address line of memory 100. 
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Classifier 25b enables only data having selected classification criteria to be 

considered further, meaning to possibly be included in the histograms fanned by 

histogram fonnation blocks 24-29. For example, with respect . to speed, which is 

preferably a value in the range of 0-7, classifier 2Sb may be set to consider only data 

s within a particular speed category or categories, e.g., speed 1, speeds 3 or S, speed 3-6, 

etc. Classifier 25b includes a register l 06 that enables the classification criteria to be set 

by the user, or by a separate computer program. By way of example, register 106 will 

include, in the case of speed, eight registers numbered 0-7. By setting a register to "l ", 

e.g., register number 2, only data that meets the criteria of the selected class, e.g., speed 

IO 2, will result in a classification output of" l ". Expressed mathematically, for any given 

register in which R(k) == b, where k is the register number and b is the boolean value 

stored in the register: 

Output= R(data(V)) 

So for a data point V of magnitude 2, the output of classifier 25b will be "l" only if 

15 R(2)= I. The classifier associated with histogram fonnation block 24 preferably has 2S6 

registers, one register for each possible luminance value of the image. The classifier 

associated with histogram fonnation block 26 preferably has 8 registers, one register for 

each possible direction value. The classifier associated with histogram formation block 

27 preferably has 8 registers, one register for each possible value of CO. The classifier 

20 associated with histogram formation block 28 preferably has the same number of 

registers as the number of pixels per line. Finally, the classifier associated with histogram 

formation block 29 preferably has the same number of registers as the number of lines 

per frame. The output of each classifier is communicated to each of the validation blocks 

30-35 via bus 23, in the case of histogram formation blocks 28 an 29, through 

2s combination unit 36, which will be discussed further below. 

Validation units 30-35 receive the classification information in parallel from all 

classification units in histogram formation blocks 24 - 29. Each validation unit generates 

a validation signal which is communicated to its associated histogram formation block 24 

- 29. The validation signal determines, for each incoming pixel, whether the histogram 

30 formation block will utilize that pixel in forming it histogram. Refening again to Fig. 14, 
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which shows histogram formation block 25, validation unit 31 includes a register block 

108 having a register associated with each histogram formation block, or more generally, 

a register associated with each data domain that the system is capable of processing, in 

this case, luminance, speed, direction, CO, and x and y position. The content of each 

s register in register block 108 is a binary value that may be set by a user or by_ a computer 

controller. Each validation unit receive via bus 23 the output of each of the classifiers, in 

this case numbered O ... p, keeping in mind that for any data domain, e.g., speed, the 

output of the classifier for that data domain will only be II l" if the particular data point 

being considered is in the class of the registers set to "1" in the classifier for that data 

10 domain. The validation signal from each validation unit will only be 11 1" if for each 

register in the validation unit that is set to "1 ", an input of "l" is received from the 

classifier for the domain of that register. This may be expressed as follows: 

out = (ino + Rego). (i111 + Reg,) ... (inn + Regn )(ino + in, + ... inn) 

15 where Rego is the register in the validation unit associated with input ino. Thus, using the 

classifiers in combination with validation units 30 - 35, the system may select for 

processing only data points in any selected classes within any selected domains. For 

example, the system may be used to detect o~y data points having speed 2, direction 4, 

and luminance 12S by setting each of the following registers to "1 ": the registers in the 

20 validation units for speed, direction, and luminance, register 2 in the speed classifier, 

register 4 in the direction classifier, and register 125 in the luminance classifier. In order 

to form those pixels into a block, the registers in the validation units for the x and y 

directions would be set to "1" as well. 

Referring again to Fig. 13, validation signal V2 is updated on a pixel-by-pixel 

25 basis. If, for a particular pixel, validation signal V2 is "l ", adder 110 increments the 

output of memory I 00 by one. If, for a particular pixel, validation signal V2 is "O", 

adder 100 does not increments the output of memory. In any case, the output of adder 

I 00 is stored in memory I 00 at the address corresponding to the pixel being considered. 

For example, assuming that memory 100 is used to form a histogram of speed, which 

30 may be categorized as speeds 0-7, and where memory. 100 will include 0-7 

corresponding memory locations, if a pixel with speed 6 is received, the addre~s input to 
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multiplexor I 04 through the data line will be 6. Assuming that validation signal V2 is 

"I", the content in memory at location 6 will be incremented. Over the course of an 

image, memory I 00 will contain a histogram of the pixels for the image in the category 

associated with the memory. If, for a particular pixel, validation signal V2 is "O" because 

s that pixel is not in a category for which pixels are to be counted (e g., because that pixel 

does not have the correct direction, speed, or luminance), that. pixel will not be used in 

forming the histogram. 

For the histogram fanned in memory 100, key characteristics for that histogram 

are simultaneously computed in a unit 112. Referring to Fig. 14, unit 112 includes 

10 memories for each of the key characteristics, which include the minimum (MIN) of the 

histogram, the maximum (MAX) of the histogram, the number of points (NBPTS) in the 

histogram, the position (POSRMA.X) of the maximum of the histogram, and the number 

of points (RMAX) at the maximum of the histogram. These characteristics are 

determined in parallel with the formation of the histogram as follows: 

15 For each pixel with a validation signal V2 of" I": 

(a) if the data value of the pixel< MIN (which is initially set to the maximum 

possible value of the histogram), then write data value in MIN; 

(b) if the data value of the pixel> MAX (which is initially set to the minimum 

possible value of the histogram), then write data value in MAX; 

20 (c) if the content of memory 100 at the address of the data value of the pixel 

> RMAX (which is initially set to the minimum possible value of the histogram), then i) 

write data value in POSRMAX and ii) write the memory output in RMAX. 

(d) increment NBPTS (which is initially set to zero). 

At the completion of the formation of the histogram in memory 100 at the end of 

25 each frame, unit 112 will contain important data characterizing the histogram. The 

histogram in each memory I 00, and the characteristics of the histogram in units 112 are 

read during the scanning spot of each frame by controller 42, and the memories 100 are 

cleared and units 112 are re-initialized for processing the next frame. 

The system of the invention includes a semi-graphic masking function to select 

JO pixels to be considered by the system. Fig. 16 shows a typical ·image 53 consisting of 
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pixels arranged in a Q x R matrix, which is divided into sub-matrices 5 I each having a 

dimension of s x I, wherein each s x I sub-matrix includes s x t number of pixels of the 

image. Each sub- matrix shown in Fig. 17 is a 3x4 matrix. In a preferred embodiment, 

s=9 and t= 12, although any appropriate sub-matrix size may be used, if desired, including 

s I x I. Referring to Fig. 12, histogram processor 22a includes a semi-graphic memory SO, 

which includes a one-bit memory location corresponding to each s x I matrix. For any 

given sub-matrix 5 I, the corresponding bit in memory 50 may be set to "O", which has 

the effect of ignoring all pixels in such sub-matrix 50, or may be set to "I" in which case 

all pixels in such sub-matrix will be considered in forming histograms. Thus, by using 

10 semi-graphic memory 50, it is possible to limit those areas of the image to be considered 

during histogram formation. For example, when an image of a road taken by a camera 

facing forward on a vehicle is used to detect the lanes of the road, the pixel information 

of the road at the farthest distances from the camera generally does not contain useful 

information. Accordingly, in such an application, the semi- graphic memory is used to 

IS mask off the distant portions of the road by setting semi-graphic memory 50 to ignore 

such pixels. Alternatively, the portion of the road to be ignored may be masked by 

setting the system to track pixels only within a detection box that excludes the undesired 

area of the screen, as discussed below. 

In operation, for any pixel under consideration, an AND operation is run on the 

20 validation signal for such pixel and the content of semi-graphic memory 50 for the sub­

matrix in which that pixel is located. If the content of semi-graphic memory 50 for the 

sub-matrix in which that pixel is located contains "0", the AND operation will yield a 11011 

and the pixel will be ignored, otherwise the pixel will be considered in the usual manner. 

It is foreseen that the AND operation may be run on other than the validation signal, 

25 with the same resultant functionality. Also, it is foreseen that memory SO may be a frame 

size memory, with each pixel being independently selectable in the semi-graphic memory. 

This would enable any desired pixels of the image to be considered or ignored as desired. 

Semi-graphic memory SO is set by controller 42 via data bus 23. 

Fig. 16 shows an example of the successive classes C1, C2 ... Co-1, Cn, each 

JO representing a particular velocity, for a hypothetical velocity histogram, with their being 
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categorization for up to 16 velocities (15 are shown) in th.is example. Also shown is 

envelope 38, which is a smoothed representation of the histogram. 

In order to locate the position of an object having user specified criteria within 

the image, histogram blocks 28 and 29 are used to generate histograms for the x and y 

s positions of pixels with the selected criteria. These are shown in Fig. 13 as histograms 

along the x and y coordinates. These x and y data are output to moving area formation 

block 36 which combines the abscissa and ordinate information x(m)2 and y(m)2 

respectively into a composite signal xy(m) that is output onto bus 23. A sample 

composite histogram 40 is shown in Fig. 13. The various histograms and composite 

10 signal xy(m) that are output to bus 23 are used to determine if there is a moving area in 

the image, to localize this area, and/or to determine its speed and oriented direction. 

Because the area in relative movement may be in an observation plane along directions x 

and y which are not necessarily orthogonal, as discussed below with respect to Fig. 18, a 

data change block 37 may be used to conven the x and y data to onhogonal coordinates. 

15 Data change block 37 receives orientation signals x(m)1 and y(m)1 for x(m)o and y(m)o 

axes, as well as pixel clock signals HP, line sequence and column sequence signals SL 

and SC (these three signals being grouped together in bundle Fin Figs. 2, 4, and IO) and 

generates the onhogonal x(m)1 and y(m)1 signals that are output to histogram formation 

blocks 28 and 29 respectively. 

20 In order to process pixels only within a user-defined area, the x-direction 

histogram formation unit 28 may be programmed to process pixels only in a class of 

pixels defined by boundaries, i.e. XMIN and XMAX. This is accomplished by setting the 

XMIN and XMAX values in a user-programmable memory in X•direction histogram 

formation unit 28 or in linear combination units 30-35. Any pixels outside of this class 

25 will not be processed. Similarly, y-direction histogram fonnation unit 29 may be set to 

process pixels only in a class of pixels defined by boundaries YMIN and YMAX. This is 

accomplished by setting the YMIN and YMAX values in a user-programmable memory 

in y-direction histogram formation unit 29 odn linear combination units 30-35. Thus, 

the system can process pixels only in a defined rectangle by setting the XMIN and 

30 XMAX, and YMIN and YMAX values as desired. Of course, the classification criteria 
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and validation criteria from the other histogram formation units may be set in order to 

form histograms of only selected classes of pixels in selected domains within the selected 

rectangular area. The XMIN and XMAX memory locations have a sufficient number of 

bits to represent the maximum number of pixels in the x dimension of the image under 

5 consideration, and the YMIN and YMAX memory locations have a sufficient number of 

bits to represent the maximum nu~ber of-pixels in the y dimension the image under . 

consideration. As discussed further below, the x and y axes may be rotated in order to 

create histograms of projections along the rotated axes. In a preferred embodiment, the 

XMIN, XMAX, YMIN and YMAX memory locations have a sufficient number of bits to 

10 represent the maximum number of pixels along the diagonal of the image under 

consideration (the distance from "Origin" to "Stop" in Fig. IS). In this way, the system 

may be used to search within a user-defined rectangle along a user-defined rotated axis 

system. 

In order for a pixel PI(a,b) to be considered in the formation of x and y direction 

15 histograms, whether on the orthogonal coordinate axes or along rotated axes, the 

conditions XMIN<a<XMAX and YMIN<b<YMAX must be satisfied. The output of 

these tests may be ANDed with the validation signal so that if the conditions are not 

satisfied, a logical "O" is ANDed with the validation signal for the pixel under 

consideration, thereby avoiding consideration of the pixel in the formation of x and y 

20 direction histograms. 

Fig. 13 diagrammatically represents the envelopes of histograms 38 and 

39, respectively in x and y coordinates, for velocity data. In this example, XM and YM 

represent the x and y coordinates of the maxima of the two histograms 38 and 39, 

whereas 10 and lb for the x axis and le and l.t for they axis represent the limits of the range 

25 of significant or interesting speeds, 11 and le being the longer limits and Ii, and l.t being the 

upper limited of the significant portions of the histograms. Limits I., lb, le and Id may be 

set by the user or by an application program using the system, may be set as a ratio of'the 

maximum of the histogram, e.g., xw/2, or may be set as otherwise desired for the 

particular application. 
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The vertical lines L, and Lb of abscissas 11 and lb and the horizontal lines Le and L.i 

of ordinals le and Li fonn a rectangle that surrounds the cross hatched area 40 of 

significant speeds (for all x and y directions). A few smaller areas 41 with longer speeds, 

exist close to the main area 40, and are typically ignored. In this example, all that is 

s necessary to characterize the area with the largest variation of the parameter for the 

histogram, the speed V in this panicular case, is to identify the coordinates of the limits 

I., lb, L: and Id and the maxima XM and Y M, which may be readily derived for each 

histogram from memory 100, the data in units 112, and the xy(m) data block. 

Thus, the system of the invention generates in real time, histograms of each of the 

10 parameters being detected. Assuming that it were desired to identify an object with a 

speed of "2" and a direction of "4", the validation units for speed and direction would be 

set to "I ", and the classifiers for speed "2" and direction "411 would be set to "1 ". In 

addition, since it is desired to locate the object(s) with this speed and direction on the 

video image, the validation signals for histogram formation blocks 28 and 29, which 

IS correspond to the x and y coordinates, would be set to "I II as well. In this way, 

histogram formation blocks 28 and 29 would form histograms of only the pixels with the 

selected speed and direction, in real-time. Using the information in the histogram, and 

especially POSRMAX, the object with the greatest number of pixels at the selected 

speed and direction could be identified on the video image in real-time. More generally, 

20 the histogram formation blocks can localize objects in real-time meeting user-selected 

criteria, and may produce an output signal if an object is detected. Alternatively, the 

information may be transmitted, e.g., by wire, optical fiber or radio relay for remote 

applications, to a control unit, such as unit I Oa in Fig. I, which may be near or remote 

from spatial and temporal processing unit 11. 

2s While the system of the invention has been described with respect to formation of 

histograms using an orthogonal coordinate system defined by the horizontal and vertical 

axes of the video image, the system may be used to form histograms using non­

orthogonal axes that are user-defined. Figs. I SA and 15B show a method of using 

rotation of the analysis axis to determine the orientation of certain points in an image, a 

JO method which may be used, for example to detect lines. In a preferred embodiment, the 
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x-axis may be rotated in up to 16 different directions (180°/16), and the y-axis may be 

independently rotated by up to 16 different directions. Rotation of the axes is 

accomplished using data line change block 37 which receives as an input the user-defined 

axes of rotation for each of the x any y axes, and which perfonns a Hough transform to 

s convert the x and y coordinate values under consideration into the rotated. coordinate 

axis system for consideration by the x and y histogram formation units 28 and 29. The 

operation of conversion between coordinate systems using a Hough transform is known 

in the art. Thus, the user may select rotation of the x-coordinate system in up to 16 

different directions, and may independently rotate the y-coordinate system in up to 16 

10 different directions. Using the rotated coordinate systems, the system may perform the 

functionality described above, including searching within user-defined rectangles ( on the 

rotated axes), forming histograms on the rotated axes, and searching using velocity, 

direction, etc. 

As discussed above, each histogram · formation unit calculates the following 

ts values for its respective histogram. 

MIN, MAX, NBPTS, RMAX, POSRMAX 

Given that these values are calculated in real-time, the use of these values allows the 

system to rapidly identify lines on an image. While this may be accomplished in a 

number of different ways, one of the easier methods is to calculate R, where R 

20 =NBPTS/RMAX, i.e., the ratio of the number of points in the histogram to the number 

of points in the maximal line. The smaller this ratio, i.e., the closer R approaches I, the 

more perpendicularly aligned the data points under consideration are with the scanning 

axis. 

Fig. I SA shows a histogram of certain points under consideration, where the 

2s histogram is taken along the x-axis, i.e., projected down onto the x-axis. In this . 

example, the ratio R, while not calculated, is high, and contains little infonnation about 

the orientation of the points under consideration. As the x-axis is rotated, the ratio R 

increases, until, as shown in Fig. 15B, at approximately 45° the ratio R would reach a 

maximum. This indicates that the points under consideration are most closely aligned 

30 perpendicular to the 45° x-axis. In operation, on successive frames, or on the same 
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frame if multiple x-direction histogram formation units are available, it is advantageous 

to calculate Rat different angles, e.g., 33.75° and 57.25° (assuming the axes are limited 

to 16 degrees of rotation), in order to constantly ensure that R is at a minimum. For 

applications in which it is desirable to detect lines, and assuming the availability of 16 x-

5 direction histogram fonnation units, it is advantageous to carry out the calculation of R 

simultaneously along all possible axes to determine the angle. with the minimum R to 

detennine the direction of orientation of the line .. Because the x and y axes may be 

rotated independently, the x and y histogram formation units are capable of 

simultaneously independently detecting lines, such as each side line of a road, in the same 

10 manner. 

As discussed above, the system of the invention may be used to search for objects 

within a bounded area defined by XMIN, XMAX, YMIN and YMAX Because moving 

object may leave the bounded area the system preferably includes an anticipation function 

which enables XMIN, XMAX, YMIN and YMAX to be automatically modified by the 

15 system to compensate for the speed and direction of the target. This is accomplished by 

determining values for O-MVT, corresponding to orientation (direction) of movement of 

the target within the bounded area using the direction histogram, and 1-MVT, 

corresponding to the intensity (velocity) of movement. Using these parameters, 

controller 42 may modify the values of XMIN, XMAX, YMIN and YMAX on a frame• 

20 by-frame basis to ensure that the target remains in the bounded box being searched. 

These parameters also enable the system to determine when a moving object, e.g., a line, 

that is being tracked based upon its axis of rotation, will be changing its axis of 

orientation, and enable the system to anticipate a new orientation axis in order to 

maintain a minimized value of R. 

25 Referring to Fig. 12, a controller 42, which is preferably a conventional 

microprocessor-based controller, is used to control the various elements of the system 

and to enable user input of commands and controls, such as with a computer mouse and 

keyboard (not shown), or other input device. Components I la and 22a, and controller 

42, are preferably formed on a single integrated circuit. Controller 42 is in 

JO communication with data bus 23, which allows controller 42 to run a program to control 
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various parameters that may be set in the system and to analyze the results. In order to 

select the criteria of pixels to be tracked, controller 42 may also directly control the 

following: i) content of each register in classifiers 25b, ii) the content of each register in 

validation units 31, iii) the content of XMJN, XMAX, YMIN and YMAX, iv) the 

5 orientation angle of each of the x and y axes, and v) semi-graphic memory SO. 

Controller 4 2 may also retrieve i) the content of each memory I 00 and ii) the content of 

registers 112, in order to analyze the results of the histogram formation process. In 

addition, in general controller 42 may access and control all data and parameters used in 

the system. 

10 The system of the invention may be used to detect the driver of a vehicle falling 

asleep and to generate an alarm upon detection thereof. While numerous embodiments 

of the invention will be described, in general the system receives an image of the driver 

from a camera or the like and processes the image to detect one or more criteria of the 

eyes of the driver to determine when the driver's eyes are open and when they are closed. 

15 As discussed above, a wide-awake person generally blinks at relatively regular intervals 

of about I 00 to 200 ms. When a person becomes drowsy, the length of each eye blink 

increases to approximately 500 to 800 ms, with the intervals between blinks being 

becoming longer and variable. Using the information on the opening and closing of the 

driver's eyes, the system measures the duration of each blink and/or the intervals between 

20 blinks to determine when the driver is falling asleep. This is possible because the video 

signal coming from the sensor in use, e.g., sensor 3 JO of Fig. 21, preferably generates SO 

or 60 frames per second, i.e., a frame every 20 ms or 16.66 ms respectively. This makes 

it possible for the system, which processes each image in real time, to distinguish 

between blink lengths of I 00 to 200 ms for an awake person from blink lengths of 500 to 

25 800 ms for a drowsy person, i.e., a blink length of 5 to 10 frames for an awake person or 

a blink length of 25 to 40 frames for a drowsy person, in the case of a 50 frames per 

second video signal. 

The system of the invention utilizes a video camera or other sensor to receive 

images of the driver T in order to detect when the driver is falling asleep. While various 

JO methods of positioning the sensor shall be described, the sensor may generally be 
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position by any mearis and in any location that permits acquisition of a continuous image 

of the face of the driver when seated in the driver's seat. Thus, it is foreseen that sensor 

10 may be mounted to the vehicle or on the vehicle in any appropriate location., such as 

in or on the vehicle dashboard, steering wheel, door, rear•view mirror, ceiling, etc., to 

s enable sensor 10 to view the face of the driver. An appropriate lens may be mounted on 

the sensor 10 to give the sensor a wider view if required to see drivers of different sizes. 

Figs. 18 and 19 show a conventional rear•view mirror arrangement in which a 

driver T can see ahead along direction 301 and rearward (via rays 302a and 302b) 

through a rear-view mirror 303. Referring to Fig. 20, mirror 303 is attached to the 

10 vehicle body 305 through a connecting arm 304 which enables adjustment of vision axes 

302a and 302b. Axes 302a and 302b are generally parallel and are oriented in the 

direction of the vehicle. Optical axis 306, which is perpendicular to the face 303a of 

mirror 303, divides the angle formed by axes 302a and 302b into equal angles a and b. 

Axis 307, which is perpendicular to axis 302b and therefore generally parallel to the 

15 attachment portion of vehicle body 305, defines an angle c between axis 307 and mirror 

face 303a which is generally equal to angles a and b. A camera or sensor 310 is 

preferably mounted to the mirror by means of a bracket 299. The camera may be 

mounted in any desired position to enable the driver to have a clear view of the road 

while enabling sensor 310 to acquire images of the face of the driver. Bracket 299 may 

20 be an adjustable bracket, enabling the camera to be faced in a desired direction., i.e., 

toward the driver, or may be at a fixed orientation such that when the mirror is adjusted 

by drivers of different sizes, the camera continues to acquire the face of the driver. The 

signal from the camera is communicated to the image processing system, which operates 

as described below, by means oflead wires or the like (not shown in Figs. 18-20}. 

25 Figs. 21 and 22 show a rear-view mirror assembly 308 in which sensor 310 is 

mounted interior to the mirror assembly. Mirror assembly 308 is adapted so that as 

assembly 308 is adjusted by a driver, sensor 310 remains directed toward the face of the 

driver. Rear-view mirror assembly 308 includes a two-way mirror 309 having a face 

309a, movably oriented to provide a rear view to the driver. Sensor 310, which is 

JO preferably an electronic mini-camera or MOS sensor with a built-in lens, is affixed to a 
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bracket 311, is oriented facing the driver using mechanical arrangement that enables 

sensor 310 to receive an image of the face of the driver when mirror 309 adjusted so that 

the driver has a rear view of the vehicle. The mechanical arrangement consists of a 

Cardan type mechanical joint, which causes automatic adjustment of the bracket 3 11 

s when the driver when the driver adjusts the rear view mirror so that the receiving face 

3 1 Oa of sensor 3 IO receives the image of the face of the driver, i.e., optical axis 31 Ob 

remains aligned toward the head of the driver. 

Bracket 311 includes rods 312 and 313 that are movably coupled together by a 

pivot pin 314a (Fig. 21) or a sleeve 314b (Fig. 22). Rod 312 is attached at one end to a 

10 mounting portion of the vehicle 305. A pivot pin 315, which preferably consists of a ball 

and two substantially hemispherical caps, facilitates movement of mirror assembly 308. 

Rod 312 extends through pivot pin 315, and attaches to rod 313 via a sleeve 314b or 

another pivot pin 3 14a. At one end, rod 313 rigidly supports bracket 311 on which 

sensor 310 is mounted. Rod 313 extends through clamp 316 of mirror assembly 308 via 

IS a hollow pivot 317. Pivot 317 includes a ball having a channel therethrough in which rod 

313 is engaged, and which rotates in substantially hemispherical caps supported by clamp 

316. The joint constantly maintains a desired angle between mirror 309 and bracket 311, 

thereby permitting normal adjustment of rear-view mirror 309 while bracket 311 adjusts 

the direction of sensor 310 so that the face 31 Oa of the sensor will receive an image of 

20 the face of the driver. If desired, it is foreseen that sensor 310 may be mounted interior 

to rear-view mirror assembly 308 at a fixed angle relative to the face 309a of the mirror 

assembly, provided that sensor 3 10 is able to receive an image of the face of the driver 

when the mirror is adjusted to drivers of different sizes. A wide angle lens may be 

mounted to sensor 3 10 to better enable the sensor to be used under different adjustment 

2s circumstances. 

Sensor 310 is connected by means of one or more lead wires to image processor 

319, which is preferably an image processing system of the type discussed above and is 

preferably in the form of an integrated circuit inside rear-view mirror assembly 308. In a 

preferred embodiment, image processing system 3 19 is integrally constructed with sensor 

30 310. Alternatively, image processing system 319 may be located exterior to mirror 
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assembly 3 08 by means of conventional lead wires. While controller 3 IO is preferably a 

microprocessor, it is foreseen that controller 3 IO may be an ASIC or simple controller 

designed to perfonn the functions specified herein, particularly if the system is 

embedded, e.g. contained in a mirror assembly or integral with a vehicle. 

s Electroluminescent diodes 320 may be incorporated in mirror assembly 308 to 

illuminate the face of the driver with infrared radiation when ambient light is insufficient 

for image processing system 319 to detennine the blinking characteristics of the driver. 

When such diodes are in use, sensor 310 must be of the type capable of receiving 

infrared radiation. Illumination of electroluminescent diodes 320 may be controlled by 

10 controller 42 (Fig. 12) of image processing system 319, if desired. For example, 

controller 42 may illuminate electroluminescent diodes 320 in the event that the 

histograms generated by image processing system 319 do not contain sufficient useful 

information to detect the features of the driver's face required, e.g., NBPTS is below a 

threshold. Electroluminescent diodes 320 may be illuminated gradually, if desired, and 

15 may operate in connection with one or more photocells (not shown) that generate a 

signal as to the ambient lighting near the driver, and which may be used to control 

electroluminescent diodes 320, either alone or in combination with controller 42 or 

another control circuit. If desired, an IR or other source of EMF radiation may be used 

to illuminate the face of the driver at all times, provided that sensor 310 is compatible 

20 with the iliumination source. This eliminates many problems that may be associated with 

the use of ambient lighting to detect drowsiness. 

An optional alarm 322, which may be for example a buzzer, bell or other 

notification means, may be activated by controller 42 upon detecting that the driver is 

falling asleep. All of the components contained in mirror assembly 308, and image 

25 processing system 319, are preferably powered by the electrical system of the vehicle. 

Image processing system 319 monitors the alertness of the driver by detecting, in 

real time and on a continuous basis, the duration of the blinks of the driver's eyes and/or 

intervals between blinks, and by triggering alann 322 to wake up the driver in the event 

the driver is detected falling asleep. linage processing system 319 receives an image of 

JO the face of the driver from sensor 310. The image may be of the complete face of the 
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driver, or of a selected area of the driver's face that includes at least one eye of the 

driver. Image processing system 319 is capable of detecting numerous criteria that are 

associated with blinking eyes. These include any feature of the face that may be used to 

discern the closing of an eye, including detection of the pupil, retina, white, eyelids, skin 

s adjacent to the eye, and others. The eye may also be detected by detecting either 

changes in the appearance of the eye when blinking or by detecting motion of the eyelid 

during blinking. 

Referring to Fig. 30, as an initial step, the system of the invention preferably 

detects the presence of a driver in the driver's seat (402). This may be accomplished in 

10 any number of ways, such as by an electrical weight sensor switch in the driver's seat or 

by interfacing with a signal generated by the vehicle indicating that the vehicle is in use in 

motion, e.g., a speed sensor, a switch detecting that the vehicle is in gear, a switch 

detecting that closing of the seat belt, etc. Upon detection of such a signal, the system 

enters into a search mode for detecting the driver's face or driver's eye(s). Alternatively, 

IS since the system is powered by the electrical system of the vehicle, and more preferably 

by a circuit of the electrical system that is powered only when the vehicle is turned ol}, 

the system turns on only when the engine is turned on, and enters into a search mode in 

which it operates until the face or eye(s) of the driver are detected. Upon detection of a 

driver in the vehicle (404), a Driver Present flag is set to II I" so that controller 42 is 

20 aware of the presence of the driver. 

As an alternative method of detecting the presence of the driver, if sensor 10 is 

mounted in a manner that enables (or requires) that the sensor be adjusted toward the 

face of the driver prior to use, e.g., by adjustment of the rear-view mirror shown in Fig. 

21, the system may activate an alann until the sensor has acquired the face of the driver. 

2s The driver may also be detected by using the image processing system to detect 

the driver entering the driver's seat. This assumes that the image processing system and 

sensor IO are already powered when the driver enters the vehicle, such as by connecting 

the image processing system and· sensor to a circuit of the vehicle electrical system that 

has constant power. Alternatively, the system may be powered upon detecting the 

30 vehicle door open, etc. When the driver enters the driver's seat; the image from sensor 
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10 will be characterized by many pixels of the image being in motion (DP= I), with CO 

having a relatively high value, moving in a lateral direction away from the driver's door. 

The pixels will also have hue characteristics of skin. In this embodiment, in a mode in 

which the system is trying to detect the presence of the driver, controller 42 sets the 

5 validation units to detect movement of the driver into the vehicle by setting the histogram 

formation units to detect movement characteristic of a driver entering the driver's seat. 

Most easily, controller 42 may set the validation units to detect DP=l, and analyze the 

histogram in the histogram formation unit for DP to detect movement indicative of a 

person entering the vehicle, e.g., NBPTS exceeding a threshold. 

10 Fig. 23 shows the field of view 323 of sensor 310 between directions 323a and 

323b where the head T of the driver is within, and is preferably centered in, conical field 

323. Field 323 may be kept relatively narrow, given that the movements of the head T of 

the driver during driving are limited. Limitation of field 23 improves the sensitivity of 

the system since the driver's face will be represented in the images received from sensor 

15 10 by a greater number of pixels, which improves the histogram formation process 

discussed below. 

In general the number of pixels in motion will depend upon the field of view of 

the sensor. The ratio of the number of pixels characteristic of a driver moving into the 

vehicle to the total number of pixels in a frame is a function of the size of the field of 

20 vision of the sensor. For a narrow field of view (a smaller angle between 323a and 323b 

in Fig. 23 ), a greater number, and possibly more than 50% of the pixels will be ''in 

movement" as the driver enters the vehicle, and the threshold will be greater. For a wide 

field of view (a greater angle between 323a and 323b in Fig. 23), a smaller number of 

pixels will be "in movement" as the driver enters the vehicle. The threshold is set 

25 corresponding to the particular location and type of sensor, and based upon other 

characteristics of the particular installation of the system. If NBPTS for the DP 

histogram exceeds the threshold, the controller has detected the presence of the driver: 

As discussed above, other characteristics of the driver entering the vehicle may be 

detected by the system, including a high CO, hue, direction, etc., in any combinations, as 

Jo appropriate, to make the system more robust. For example, controller 42 may set the 
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linear combination units of the direction histogram formation unit to detect pixels moving 

into the vehicle, may set the linear combination unit for CO to detect high values, and/or 

may set the linear combination unit for· hue to detect hues characteristic of human skin. 

Controller 42 may then set the validation units to detect DP, CO, hue, and/or direction, 

s as appropriate. The resultant histogram may then be analyzed to detennine whether 

NBPTS exceeds a threshold, which would indicate that the driver has moved into the 

driver's seat. It is foreseen that characteristics other than NBPTS of the resultant 

histogram may be used to detect the presence of the driver, e.g., RMAX exceeding a 

threshold. 

10 When the driver has been detected, i.e., the Driver Present flag has been set to 

"I", the system detects the face of the driver in the video signal and eliminates from 

further processing those superfluous portions of the video signal above, below, and to 

the right and left of the head of the driver. In the image of the drivers head, the edges of 

the head are detected based upon movements of the head. The edges of the head will 

15 normally be characterized by DP=I due to differences in the luminance of the skin and 

the background, even due to minimai movements of the head while the head is still. 

Movement of the head may be further characterized by vertical movement on the top and 

bottom edges of the head, and left and right movement on the vertical edges of the head. 

The pixels of the head in movement will also be characterized by a hue corresponding to 

20 human skin and relatively slow movement as compared to eyelid movement for example. 

Controller 42 preferably sets the linear combination unit of DP to detect DP=l and sets 

the linear combination unit for direction to detect vertical and horizontal movement only 

(406). Optionally, the linear combination units for velocity and hue may be set to detect 

low velocities and human skin hues to make the system more robust. Also, the linear 

25 combination unit for CO may be set to eliminate the very fast movements characteristic 

of eye blinking in order to prevent the eyes from being considered at this stage of 

processing during which the head is being detected. Finally, controller 42 sets the 

validation units for DP, direction, and x and y position to be "on" (406). Optionally, the 

validation units for velocity, hue, and CO may be set "on" if these criteria are being 

30 detected. 
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As illustrated in Fig. 24, the pixels having the selected characteristics are fanned 

into histograms 324x and 324y along ax.es O.r and Oy, i.e., horizontal and vertical 

projections, respectively. Slight movements of the head of the driver having the 

characteristics selected are indicated as ripples 327a, 327b, 327c and 327d, which are 

s shown in line form but which actually extend over a small area surrounding the periphery 

of the head. Peaks 325a and 325b of histogram 324x, and 325c and 325d of histogram 

324y delimit, by their respective coordinates 326a, 326b, 326c and 326d, a frame 

bounded by straight lines Ya, Yb, Xe, Xd, which generally correspond to the area in 

which the face V of the driver located. Controller 42 reads the histograms 324x and 

10 324y from the histogram formation units, preferably during the blanking interval, and 

detects the locations of peaks 325a, 325b, 325c and 325d (408). In order to ensure that 

the head has been identified, the distance between peaks 325a and 325b and between 

peaks 325b and 325c are preferably tested to fall with a range corresponding to the 

normal ranges of human head sizes. 

IS Once the location of coordinates 326a, 326b, 326c and 326d has been 

established, the area surrounding the face of the driver is masked from further processing 

( 410). Referring to Fig. 25, this is accomplished by having controller 42 set XMIN, 

XMAX, YMIN and YMAX to correspond to Xe, Xd, Ya, and Yb respectively. This 

masks the cross- hatched area surrounding face V from further consideration, which 

20 helps to eliminate background movement from affecting the ability of the system to 

detect the eye(s) of the driver. Thus, for subsequent analysis, only pixels in central area 

Z, framed by the lines Xe, Xd, Ya, Yb and containing face V are considered. As an 

alternative method of masking the area outside central area Z, controller 42 may set the 

semi-graphic memory to mask off these areas. As indicated above, the semi-graphic 

2s memory may be used to mask off selected pixels of the image in individual or small 

rectangular groups. Since head V is not rectangular, use of the semi-graphic memory 

enables better masking around the rounded edges of the face to better eliminate 

background pixels from further consideration. 

The process of detecting the head of the driver and masking background areas is 

30 repeated at regular intervals, and preferably once every ten frames or less. It is foreseen 
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that this process may be repeated every frame, if desired, particularly if more than one set 

of histogram formation units is available for use. Controller 42 may also compute 

average values over time for coordinates 326a, 326b, 326c and 326d and use these 

values to set mask coordinates Xe, Xd, Ya, Yb, if desired. This will establish a nearly 

s fixed position for the frame over time. 

Once the frame has been established, a Centered-Face fl~g is set to "l 11 (412), and 

controller 42 initiates the process of reducing the frame size to more closely surround the 

eyes of the driver. Referring to Fig. 26, in which frame Z denotes the area bounded by 

Ya, Yb, Xe, Xd determined in the prior step, controller 42 initially uses the usual 

10 anthropomorphic ratio between the zone of the eyes and the entire face for a human 

being, especially in the vertical direction, to reduce the area under consideration to cover 

a smaller zone Z' bounded by lines Y'a, Y'b, X'c and X'dthat includes the eyes U of the 

driver. Thus, the pixels in the outer cross-hatched area of Fig. 27 is eliminated from 

consideration and only the area within frame Z' is further considered. This is 

15 accomplished by having controller 42 set XMIN, XMAX, YMIN and YMAX to 

correspond to X'c, X'd, Y'a, and Y'b respectively ( 414). This masks the pixels in the 

area outside Z' from further consideration. Thus, for subsequent analysis, only pixels in 

area Z' containing eyes U are considered. As an alternative method of masking the area 

outside area Z', controller 42 may set the semi-graphic memory to mask off these areas. 

20 It is foreseen that an anthropomorphic ratio may be used to set frame Z' around only a 

single eye, with detection of blinking being generally the same as described below, but 

for one eye only. 

Once the area Z' is determined using the anthropomorphic ratio, a Rough Eye­

Centering flag is set to "l" ( 416), and controller 42 performs the step of analyzing the 

25 pixels within the area Z' to identify movement of the eyelids. Movement of eyelids is 

characterized by criteria that include high speed vertical movement of pixels with the hue 

of skin. In general, within the area Z', fonnation of histograms for DP=l may· be 

sufficient to detect eyelid movement. This detection may be made more robust by 

detection of high values of CO, by detection of vertical movement, by detection of high 

JO velocity, and by detection of hue. As an alternative to detection of hue, movement of the 
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pixels of the eye may be detected by detecting pixels with DP= I that do not have the hue 

of skin. This will enable detection of changes in the number of pixels associated with the 

pupil, retina, iris, etc. 

Controller 42 sets the linear combination unit for DP to detect DP=l and sets the 

s validation units for DP, and x and y position to be on (418). Optionally, the linear 

combination units and validation units may be set to detect other criteria associated with 

eye movement, such as CO, velocity, and hue. Initially, controller 42 also sets XMIN, 

XMAX, YMIN and YMAX to correspond to X'c, X'd, Y'a, and Y'b respectively. 

Referring to Fig. 27, a histogram is formed of the selected criteria, which is analyzed by 

10 controller 42 (420). If desired, a test is performed to ensure that the eyes have been 

detected. This test may, for example, consist of ensuring that NBTS in the histogram 

exceeds a threshold e.g., 20¾ of the total number of pixels in the frame Y'a, Y'b, X'c, 

X'd. Once the eyes have been detected an Eye-Detected flag is set to "l" (422). 

Fig. 27 illustrates histogram 28x along axis Ox and histogram 28y along axis Oy 

15 of the pixels with the selected criteria corresponding to the driver's eyelids, preferably 

DP=l with vertical movement. Controller 42 analyzes the histogram and determines 

peaks 29a, 29b, 29c and 29d of the histogram. These peaks are used to determine 

horizontal lines X"c and X"d and vertical lines Y"a and Y"h which define an area of 

movement of the eyelids Z", the movements of the edges of which are indicated at 30a 

20 and 30b for one eye and 30c and 30d for the other eye (424). The position of the frame 

bounded by Y"a, Y"b, X"c, X"d is preferably determined and updated by time-averaging 

the values of peaks 29a, 29b, 29c and 29d, preferably every ten fram·es or less. Once the 

eyes have been detected and frame Z" has been established an Eye Centered flag is set to 

"I" (426) and only pixels within frame Z" are thereafter processed. 

25 Controller 42 then determines the lengths of the eye blinks, and, if applicable, the 

time interval between successive blinks. Fig. 28 illustrates in a three-dimensional 

orthogonal coordinate system: OQ, which corresponds to the number of pixels in area·Z11 

having the selected criteria; To, which corresponds to the time interval between 

successive blinks; and Oz which corresponds to the length of each blink. From this 
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information, it is possible to determine when a driver is falling asleep. Two successive 

blinks Cl and C2 are shown on Fig. 28. 

Fig. 2 9 A illustrates on curve C the variation over time of the number of pixels in 

each frame having the selected criteria, e.g., DP= 1, wherein successive peaks Pl, P2, 

5 P3 correspond to successive blinks. This information is determined by controller 42 by 

reading NBPTS of the x and/or y histogram formation units. Alternatively, controller 42 

may analyze the x and/or y histograms of the histogram formation units (Fig. 27) to 

detect peaks 29a and 29b and/or 29c and 29d, which over time will exhibit graph 

characteristics similar to those shown in Fig. 29A. 

10 Controller 42 analyzes the data in Fig. 29A over time to determine the location 

and timing of peaks in the graph ( 428). This may be done, for example, as shown in Fig. 

29B, by converting the graph shown in Fig. 29A into a binary data stream, in which all 

pixels counts over a threshold are set to "J ", and all pixel counts below the threshold are 

set to "0" (vertical dashes 31), in order to convert peaks Pl, P2, P3 to framed rectangles 

15 RI, R2 RJ, respectively. Finally, Fig. 29B shows the lengths of each blink (5, 6, and S 

frames respectively for blinks P J, P2 and P3) and the time intervals ( 14 and 17 frames for 

the intervals between blinks Pl and P2, and P2 and P3 respectively). ·This information is 

determined by controller 42 through an analysis of the peak data over time. 

Finally, controller 42 calculates the lengths of successive eye blinks and the 

20 interval between successive blinks ( 430). If the length of the blinks exceeds a threshold, 

e.g., 350 ms, a flag is set to "I" indicating that the blink threshold has been exceeded. If 

the time interval between successive blinks is found to vary significantly over time, a flag 

is set to "I" indicting a variable intervals between blinks. Upon setting the first flag, 

which indicates that the driver is blinking at a rate indicative off alling asleep, controller 

25 42 triggers alarm 322 for waking up the driver. The second flag may be used either to 

generate an alarm in the same manner as with the first flag, or to reinforce the first flag 

to, for example, increase the alarm sound level. 

Figs. 31 - 36 show an alternative method by which the generic image processing 

system may be used to detect a driver falling asleep. Initially, controller 42 is placed in a 

30 . search mode (350), in which controller 42 is scans the image 'to detect one or more 
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characteristics of the·face, and preferably the nostrils of the nose. Nostrils are generally 

shadowed, and as such are usually defined by low luminance. Referring to Fig. 31, the 

area of the image is broken up into a number of sub~images 352, in this case six, labelled 

A-F, which are sequentially analyzed by controller 42 to locate the nostrils. As shown, 

s each of the sub-images 352 preferably overlaps each adjacent sub-image by an amount 

353 equal to at least the normal combined width of the ~ostrils and the spacing 

therebetween to minimize the likelihood of missing the nostrils while in the search mode. 

Controller 42 sets XMIN, XMAX, YMIN, and YMAX to correspond to the first 

sub-image A (354). Controller 42 then sets the registers 106 in the luminance linear 

lO combination unit to detect low luminance levels (356). The actual luminance level 

selected will vary depending upon various factors, such as ambient lighting, time of day, 

weather conditions, etc. Keeping in mind. that controller 42 is able to access the 

.histogram calculated for luminance from histogram formation unit 24, controller 42 may 

use a threshold or other desired technique to select the desired luminances to search for 

15 the nostrils, e.g., selecting the lowest 15% of luminance values for consideration, and 

may adapt the threshold as desired. Controller 42 also sets the validation units for 

luminance and x and y histogram on (358), thereby causing x and y histograms to be 

formed of the selected low luminance levels. Controller 42 then analyzes the x and y 

direction histograms to identify characteristics indicative of the nostrils, as discussed 

20 below (360). If nostrils are not identified (362), controller 42 repeats this process on the 

next sub-image, i.e., sub-image B, and each subsequent sub-image, until nostrils are 

identified, repeating the process starting with sub-image A if required. Each sub-image 

is analyzed by controller 42 in a single frame. Accordingly, the nostrils may generally be 

acquired by the system in less than six frames. It is foreseen that' additional sub-images 

25 may be used, if desired. It is also foreseen that the area in which the sub-images are 

searched may restricted to an area in which the nostrils are most likely to be present, 

either as determined from past operation of the system, or by use of an anthropomorphic 

model. For example, the outline of the head of the driver may be determined as 

described above, and the nostril search may then be restricted to a small sub- area of the 
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image. It is also foreseen that the entire image may be search at once for the nostrils, if 

desired. 

While the invention is being described with respect to identification of the nostrils 

as a staning point to locating the eyes, it is foreseen that any other facial characteristic, 

s e.g., the nose, ears, eyebrows, mouth, etc., and combinations thereof, may be detected as 

a staning point for locating the eyes. These characteristics m!ly be discerned from any 

characteristics capable of being searched by the system, including CO, DP, velocity, 

direction, luminance, hue and saturation. It is also foreseen that the system may locate 

the eyes directly, e.g., by simply searching the entire image for DP=l with venical 

10 movement (or any other searchable characteristics of the eye), without the need for using 

another facial criteria as a starting point. In order to provide a detailed view of the eye 

while enabling detection of the head or other facial characteristic of the driver, it is 

foreseen that separate sensors may be used for each purpose. 

Fig. 32 shows sample x and y histograms of a sub-image in which the nostrils are 

IS located. Nostrils are characterized by a peak 370 in they-direction histogram, and two 

peaks 372 and 374 in the x-direction histogram. Confinnation that the nostrils have been 

identified may be accomplished in several ways. First, the histograms are analyzed to 

ensure that the characteristics of each histogram meets certain conditions. For example, 

NBPTS in each histogram should exceed a threshold associated with the normal number 

20 of pixels detectable for nostrils. Also, RMAX in the y histogram, and each peak of the x 

histogram should exceed a similar threshold. Second, the distance between nostrils d is 

fairly constant. The x histogram is analyzed by controller 42 and dis measured to ensure 

that it falls within a desired range. Finally, the width of a nostril is also fairly constant, 

although subject to variation due to shadowing effects. Each of the x and y histograms is 

25 analyzed by controller 42 to ensure that the dimensions of each nostril fall within a 

desired range. If the nostrils are found by controller 42 to meet these criteria, the 

nostrils have been acquired and the search mode is ended. If the nostrils have not been 

acquired, the search mode is continued. Once the nostrils are acquired, the x position of 

the center of the face (position d/2 within the sub- image under consideration) is 
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detennined, as is the y location of the nostrils in the image (POSRMAX of the y 

histogram) (364). 

In the present example, only a single eye is analyzed to detennine when the driver 

is falling asleep. In this case the shadow of the eye in the open and closed positions is 

5 used to detennine from the shape of the shadow whether the eye is open or closed. As 

discussed above, for night-time applications, the inventiol) is preferably used in 

combination with a short-wave IR light source. For the presently described example, the 

IR light source is preferably positioned above the driver at a position to cast a shadow 

having a shape capable of detected by the system. The anthropomorphic model is 

10 preferably adaptive to motion, to features of the driver, and to angular changes of the 

driver relative to the sensor. 

Referring to Fig. 32, having determined the location of the nostrils 272 of the 

driver having a center position XN, Y N, a search box 276 is established around an eye 274 

of the driver (366). The location of search box 276 is set using an anthropomorphic 

15 model, wherein the spatial relationship between the eyes and nose of humans is known. 

Controller 42 sets XMIN, XMAX, YMIN, and YMAX to search within the area defined 

by search box 276. Controller 42 further sets the luminance and x and y direction 

histograms to be on, with the linear combination unit for luminance set to detect low 

histogram levels relative to the rest of the image, e.g., the lowest I 5% of the luminance 

20 levels (368). As a confinnation of the detection of the nostrils or other facial feature 

being detected, search box 276, which is established around an eye 274 of the driver 

using an anthropomorphic model, may be analyzed for characteristics indicative of an eye 

present in the search box. These characteristics may include, for example, a moving 

eyelid, a pupil, iris or cornea, a shape corresponding to an eye, a shadow corresponding 

25 to an eye, or any other indica indicative of an eye. Controller 42 sets the histogram 

fonnation units to detect the desired criteria. For example, Fig. 36 shows a sample 

histogram of a pupil 432, in which the linear combination units and validation units ·are 

set to detect pixels with very low luminance levels and high gloss that are characteristic 

of a pupil. The pupil may be verified by comparing the shapes of the x and y histograms 

JO to known characteristics of the pupil, which are generally symmetrical, keeping in mind 
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that the symmetry may be affected by the angular relationship between the sensor and the 

head of the driver. 

Upon detection of the desired secondary facial criteria, identification of the 

nostrils is confirmed and detection of eye openings and closings is initiated. 

s Alternatively, the criteria being detected to confirm identification of the nostrils may be 

eye blinking using the technique described below. If no blinking is detected in the search 

box, the search mode is reinitiated. 

Blinking of the eye is detected during a tracking mode 400. In the tracking mode 

controller 42 sets XMIN, XMAX, YMIN, and YMAX to search within the area defined 

10 by search box 276. Controller 42 further sets the luminance and x and y direction 

histograms to be on, with the linear combination unit for luminance set to detect low 

histogram levels relative to the rest of the image, e.g., the lowest 15% of the luminance 

levels (368), in order to detect shadowing of the eye. During the tracking mode, the 

system monitors the location of nostrils 272 to detect movement of the head. Upon 

IS detected movement of the head, and a resultant shift in the position of XN, Y N, search 

box 276 is shifted according to the anthropomorphic model to retain the search box over 

the eye of the driver. 

Fig. 3 3 shows the shapes of the x and y histograms 3 76, 3 78 with the eye open, 

and Fig. 34 shows the shapes of the x and y histograms 380, 382 with the eye closed. 

20 The shapes of the shadows, and especially the shape of the shadow with the eye closed 

will vary depending upon the location of the camera and the location of the tight source 

creating the shadow, e.g., the sun or the IR light source. In any case, the width MAX ... -

MIN. and the height MAX1 - MIN1 of each histogram will generally be significantly 

greater for an open eye than for a closed eye. Controller 42 analyzes the width and 

25 height of each histogram to determine when the eye is open and when it is closed {382). 

An open eye may be determined by any number of characteristics of the x and y 

histograms, including width MAXx - MIN. and height MAX1 - MIN1 exceeding 

thresholds, NBPTS of each histogram exceeding a threshold, RMAX of each histogram 

exceeding a threshold, change in position of POSRMAX as compared to a closed eye, 

JO etc. Similarly, a closed eye may be determined by any number of characteristics of the x 
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and y histograms, in'cluding width MAX,. - MIN,. and height MAXy - MINr being below 

thresholds, NBPTS of each histogram being below a threshold, RMAX of each 

histogram being below a threshold, change in position of POSRMAX as compared to an 

open eye, etc., In a preferred embodiment, controller 42 calculates the width MAX,. -

5 MIN. and height MAXy - MINy of each histogram and utilizes thresholds to determine 

whether the eye is open or closed. If each width MAX,. - J\PN,. and height MAXy -

MINy exceed thresholds, the eye is determined to. be open. If each of width MAX,. -

MIN,. and height MAXr - MINy fall below thresholds (which may be different from the 

thresholds used to determine an open eye), the eye is determined to be closed (384). 

10 MAX and MIN are preferably the MAX and MIN calculated in the histogram formation 

units. On the other hand, MAX and MIN may be other thresholds, e.g., the points on the 

histograms corresponding to RMAX/2 or some other threshold relative to RMAX. 

Controller 42 analyzes the number of frames the eye is open and closed over time 

to determine the duration of each blink and/or the interval between blinks (386). Using 

15 this information, controller 42 determines whether the driver is drowsy (388). Upon 

determining that the driver is drowsy, controller 42 generates an alarm to awaken the 

driver (390) or another signal indicative that the driver is sleeping. 

Controller 42 constantly adapts operation of the system, especially in varying 

lighting levels. Controller 42 may detect varying lighting conditions by periodically 

20 monitoring the luminance histogram and adapting the gain bias of the sensor to maintain 

as broad a luminance spectrum as possible. Controller 42 may also adjust the thresholds 

that are used to determine shadowing, etc. to better distinguish eye and nostril 

shadowing from noise, e.g. shadowing on the side of the nose, and may also adjust the 

sensor gain to minimize this effect. If desired controller 42 may cause the histogram 

25 formation units to form a histogram of the iris. This histogram may also be monitored 

for consistency, and the various thresholds used in the system adjusted as necessary. 

It will be appreciated that while the invention has been described with respect to 

detection of the eyes of a driver using cenain criteria, the invention is capable of 

detecting any criteria of the eyes using any possible measurable characteristics of the 

JO pixels, and that the characteristics of a driver falling asleep may be discerned from any 

other information in the histograms formed by the invention. Also, while the invention 
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has been described with respect to detecting driver drowsiness, it is applicable to any 

application in which drowsiness is to be detected. More generally, although the present 

invention has been described with respect to certain embodiments and examples, 

variations exist that are within the scope of the invention as described in the following 

s claims. 
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CLAIMS 

I. A process of detecting a person falling asleep, the process comprising the 

steps of: 

acquiring an image of the face of the person; 

selecting pixels of the image having characteristics corresponding to 

characteristics of at least one eye of the person; 

forming at least one histogram of the selected pixels; 

analyzing the at least one histogram over time to identify each opening 

to and closing of the eye; and 

determining from the opening and closing information on the eye, 

characteristics indicative of a person falling asleep. 

2. The process according to claim l further comprising the step of identifying a 

sub-area of the image comprising the at least one eye prior to the step of selecting pixels 

15 of the image having characteristics corresponding to characteristics of at least one eye, 

and wherein the step of selecting pixels of the image having characteristics corresponding 

to characteristics of at least one eye comprises selecting pixels within the sub-area of the 

image. 

3. The process according to claim 2 wherein the step of identifying a sub- area 

20 of the image comprising the at least one eye comprises the steps of: 

identifying the head of the person in the image; and 

identifying the sub-area of the image using an anthropomorphic model. 

4. The process according to claim 3 wherein the step of identifying head of the 

person in the image comprises the steps of: 

25 selecting pixels of the image having characteristics corresponding to 

edges of the head of the person; 

forming histograms of the selected pixels projected onto orthogonal axes; 

and 

analyzing the histograms of the selected pixels to identify the edges of the 

JO head of the person. 
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5. The process according to claim 2 wherein the step of identifying a sub- area 

of the image comprising the at least one eye comprises the steps of: 

identifying the location of a facial · characteristic of the person in the 

image; and 

identifying the sub-area of the image using an anthropomorphic model 

and the location of the facial characteristic. 

6. The process according to claim 5 wherein the step of identifying the location 

of a facial characteristic of the person in the image comprises the steps of: 

selecting pixels of the image having characteristics corresponding to the 

to facial characteristic; 

fanning histograms of the selected pixels projected onto orthogonal axes; 

and 

analyzing the histograms of the selected pixels to identify the position of 

the facial characteristic in the image. 

IS 7. The process according to claim 6 wherein the facial characteristic is the 

nostrils of the person, and wherein the step of selecting pixels of the image having 

characteristics corresponding to the facial characteristic comprises selecting pixels having 

low luminance levels. 

8. The process according to claim 7 further comprising the step of analyzing 

20 the histograms of the nostril pixels to detennine whether the spacing between the nostrils 

is within a desired range and whether the dimensions of the nostrils fall within a desired 

range .. 

9. The process according to claim 1 wherein: 

the step of selecting pixels of the image having characteristics 

25 corresponding to characteristics of at least one eye of the person comprises selecting 

pixels having low luminance levels corresponding to shadowing of the eye; and 

wherein the step analyzing the at least one histogram over time to identify 

each opening and closing of the eye comprises analyzing the shape of the eye shadowing 

to detennine openings and closings of the eye. 

SUBSTITUTE SHEET (RULE 26) 



Petitioner LG Ex-1004, 0347

s 

WO99/J689J PCT/EP99/00J00 

51 

l 0. The process !lCcording to claim 9 wherein the step of forming at least one 

histogram of the selected pixels comprises fanning histograms of shadowed pixels of the 

eye projected onto orthogonal axes, and wherein the step of analyzing the shape of the 

eye shadowing comprises analyzing the width and height of the shadowing. 

11. The process according to claim l wherein: 

the step of selecting pixels of the imag~ having characteristics 

corresponding to characteristics of at least one eye of the person comprises selecting 

pixels in movement corresponding to blinking; and 

wherein the step analyzing the at least one histogram over time to identify 

10 each opening and closing of the eye comprises analyzing the number of pixels in 

movement over time to determine openings and closings of the eye. 

12. The process according to claim 11 wherein the step of selecting pixels of 

the image having characteristics corresponding to characteristics of at least one eye of 

the person comprises selecting having characteristics selected from the group consisting 

15 of i) DP=l, ii) CO indicative of a blinking eyelid, iii) velocity indicative of a blinking 

eyelid, and iv) up and down movement indicative of a blinking eyelid. 

20 

25 

13. The process according to claim 5 wherein the step of identifying a facial 

characteristic of the person in the image comprises the step of searching sub-images of 

the image to identify the facial characteristic. 

14. The process according to claim 7 wherein the step of identifying a facial 

characteristic of the person in the image comprises the step of searching sub-images of 

the image to identify the nostrils. 

15. The process according to claim 13 wherein the facial characteristic is a first 

facial characteristic and further comprising the steps of: 

using an anthropomorphic model and the location of the first facial 

characteristic to select a sub-area of the image containing a second facial characteristic; 

selecting pixels of the image having characteristics corresponding to the 

second facial characteristic; and 

analyzing the histograms of the selected pixels of the second facial 

JO characteristic to confinn the identification of the first facial characteristic. 
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16. An apparatus for detecting a person falling asleep, the apparatus 

comprising: 

a sensor for acquiring an image of the face of the person, the image 

comprising pixels corresponding to the eye of the person; 

a controller; and 

a histogram formation unit for forming a histogram on pixels having 

selected characteristics, 

the controller controlling the histogram formation unit to select pixels of 

the image having characteristics corresponding to characteristics of at least one eye of 

10 the person and to form a histogram of the selected pixels, the controller analyzing the 

histogram over time to identify each opening and closing of the eye, and determining 

from the opening and closing information on the eye, characteristics indicative of a 

person falling asleep. 

17. The apparatus according to claim 16 wherein the controller interacts with 

15 the histogram fonnation unit to identify a sub-area of the image comprising the at least 

one eye, and the controller controls the histogram fonnation unit to select pixels of the 

image having characteristics corresponding to characteristics of at least one eye only 

within the sub-area of the image. 

20 

25 

30 

18. The apparatus according to claim 17 wherein: 

the controller interacts with the histogram fonnation unit to identify the 

head of the person in the image; and 

the controller identifies the sub-area of the image using an 

anthropomorphic model. 

19. The apparatus according to claim 18 wherein: 

the histogram fonnation unit selects pixels of the image having 

characteristics corresponding to edges of the head of the person and fonns histograms of 

the selected pixels projected onto onhogonal axes; and 

the controller analyzes the histograms of the selected pixels to identify the 

edges of the head of the person. 

20. The apparatus according to claim 17 wherein: 
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the controller interacts with the histogram fonnation unit to identify the 

location of a facial characteristic of the person in the image; and 

the controller identifies the sub-area of the image using an 

anthropomorphic model and the location of the facial characteristic. 

21. The apparatus according to claim 20 wherein: 

the histogram fonnation unit selects pixels of the image having 

characteristics corresponding to the facial characteristic and fonns histograms of the 

selected pixels projected onto orthogonal axes; 

the controller analyzes the histograms of the selected pixels to identify the 

10 position of the facial characteristic in the image. 

22. The apparatus according to claim 21 wherein the facial characteristic is the · 

nostrils of the person, and wherein the histogram formation unit selects pixels of the 

image having low luminance levels corresponding to the luminance level of the nostrils. 

23. The apparatus according to claim 22 wherein the controller analyzes the 

1 s histograms of the nostril pixels to qetennine whether the spacing between the nostrils is 

within a desired range and whether the dimensions of the nostrils fall within a desired 

range. 

24. The apparatus according to claim 16 wherein: 

the histogram fonnation unit selects pixels of the image having low 

20 luminance levels corresponding to shadowing of the eye; and 

wherein the controller analyzes the shape of the eye shadowing to 

determine openings and closings of the eye. 

2S. The apparatus according to claim 24 wherein histogram formation unit 

fonns histograms of shadowed pixels of the eye projected onto orthogonal axes, and 

25 wherein the controller analyzes the width and height of the shadowing to determine 

openings and closings of the eye. 

26. The apparatus according to claim 16 wherein: 

the histogram fonnation unit selects pixels of the image in movement 

corresponding to blinking; and 
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the controller analyzes the number of pixels in movement over time to 

detennine openings and closings of the eye. 

27. The apparatus according to claim 26 wherein the histogram formation units 

selects pixels of the image having characteristics of movement corresponding to blinking, 

5 such characteristics being selected from the group consisting of i) DP=l, ii) CO 

indicative of a blinking eyelid, iii) velocity indicative of a blinking eyelid, and iv) up and 

· down movement indicative of a blinking eyelid. 

28. The apparatus according to claim 20 wherein the controller interacts with 

the histogram formation unit to search sub-images of the image to identify the facial 

10 characteristic. 

29. The apparatus according to claim 22 wherein the controller interacts with 

the histogram formation unit to search sub-images of the image to identify the nostrils. 

30. The apparatus according to claim 28 wherein the facial characteristic is a 

first facial characteristic and further comprising: 

15 the controller using an anthropomorphic model and the location of the 

first facial characteristic to cause the histogram formation unit to select a sub-area of the 

image containing a second facial characteristic, the histogram formation unit selecting 

pixels of the image in the sub-area having characteristics corresponding to the second 

facial characteristic and forming a histogram of such pixels; and 

20 the controller analyzing the histogram of the selected pixels 

corresponding to the second facial characteristic to confirm the identification of the first 

facial characteristic. 

J 1. The apparatus according to claim 16 wherein the sensor is integrally 

constructed with the controller and the histogram formation unit. 

25 32. The apparatus according to claim 16 further comprising an alarm, the 

controller operating the alarm upon detection of the person falling asleep. 

33. The apparatus according to claim 16 further comprising an illumination 

source, the sensor being adapted to view the person when illuminated by the illumination 

sburce. 
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34. The apparatus according to claim 33 wherein the illumination source is a 

source of [R radiation. 

35. A rear-view mirror assembly for a vehicle which comprises: 

a rear-view mirror; and 

the apparatus according to claim 16 mounted to the rear-view mirror. 

36. The rear-view mirror assembly according to claim 35 further comprising a 

bracket attaching the apparatus to the rear-view mirror. 

37. The rear-view mirror assembly according to claim 35 further comprising a 

housing having an open side and an interior, the rear-view mirror being mounted to the 

10 open side of the housing, the rear view mirror being see-through from the interior of the 

housing to an exterior of the housing, the apparatus being mounted interior to the 

housing with the sensor directed toward the rear-view mirror. 

38. The rear-view mirror assembly according to claim 37 further comprising a 

joint attaching the apparatus to the rear-view mirror assembly, the joint adapted to 

15 maintain the apparatus in a position facing a driver of the vehicle during adjustment of 

the mirror assembly by the driver. 

39. The rear-view mirror assembly according to claim 35 further comprising a 

source of illumination directed toward the person, the sensor being adapted to view the 

person when illuminated by the source of illumination. 

20 40. The rear-view mirror assembly according to claim 35 further comprising an 

alann, the controller operating the alarm upon detection of the person falling asleep. 

41. A rear-view mirror assembly which comprises: 

a rear-view mirror; and 

the apparatus according to claim 16, the sensor being mounted to the 

2s rear-view mirror, the controller and the histogram formation unit being located remote 

from the sensor. 

42. A vehicle comprising the apparatus according to claim 16. 

43. A process of detecting a feature of an eye, the process comprising the steps 

of: 
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acquiring an image of the face of the person, the image comprising pixels 

corresponding to the feature to be detected; 

selecting pixels of the image having characteristics corresponding to the 

feature to be detected; 

forming at least one histogram of the selected pixels; 

analyzing the at least one histogram over time ~o identify characteristics 

indicative of the feature to be detected. 

44. The process according to claim 43 wherein the feature is the iris, pupil or 

cornea. 

45. An apparatus for detecting a feature of an eye, the apparatus comprising: 

a sensor for acquiring an image of the eye, the image comprising pixels 

corresponding to the feature to be detected; 

a controller; and 

a histogram formation unit for forming a histogram on pixels having 

IS selected characteristics, 

the controller controlling the histogram formation unit to select pixels of 

the image having characteristics corresponding to characteristics of at least one eye of 

the person and to form a histogram of the selected pixels, the controller analyzing the 

histogram over time to identify each opening and closing of the eye, and determining 

20 from the opening and closing information on the eye, characteristics indicative of a 

person falling asleep. 
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D E S C R I P T I O N 

LINEAR PATTERN RECOGNIZING METHOD 

TECHNICAL FIELD 

This invention relates to a linear pattern recognizing 

method of automatically recognizing and extracting a linear 

pattern included in the image data which are stored in an origi­

nal image memory. 

BACKGROUND ART 

A variety of methods have been proposed in the art to auto­

matically detect cracks, uneven parts, etc. of a road surface or 

tunnel wall, which.are heretofore detected visually. For in­

stance Japanese Patent Application No's 229563/1983 and 

2339z3;·1954 have disclosed the following method: As shown in 

FIGS. · 15 and 16, .a laser· scanning system comprising a laser 

_oscillator 2, a mirror 3 and an electric motor 4, and a light 

receiving sensor 5, a distance recorder (not shown) are mounted 

on a vehicle 1. The road is scanned with the laser beam in a 

road crossing.direction, and light scattered from the road is 

received by ihe liiht receiving sensor·s. When, in this case, 

there are no cracks or the like in the road surface to which the 

laser beam is applied, as shown in the part (a) of FIG. 17 a 

predetermined quantity of scattered light is received by the 

light receiving sensor_5. When, on the other hand, there are 

cracks or the like in the road surface, as shown in the part (b) 

1 
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of FIG. 7, the quantity of light received by the light receiving 

sensor 5 is greatly reduced because of a shadow effect. In 

addition, in the method proposed, the output of the light receiv­

ing sensor 5 together with the output of the distance recorder is 

recorded by a video tape recorder (VTR) or the like, and then 

stored in a special purpose image memory, The data stored in the 

image memory are as shown in FIG. 18: that is, the X-direction 

address represents a vehicle traveling direction, the Y-direction 

address, a road crossing direction, and the Z-direction address, 

data ( multi-gradation or binary data) on cracks. That is, the 

magnitude, position and configuration of an uneven part such as a 

crack can be detected by analyzing the data thus stored, 

On the other hand, the method of automatically recognizing 

cracks using such as a road surface image has demanded for provi­

sion of a technique of detecting a linear pattern such as a crack 

with high accuracy because of the following reasons: 

(I) There are a lot of noises because a road includes 

aggregate etc. 

(II) Cracks are locally changed in direction and in width. 

(III) There are a number of uncontinuous parts, cracks 

occurring intermittently. 

(IV) The road surface condition depending greatly on the 

environmental conditions, construction method, etc. of the road, 

a variety of noises are superposed on one another. And formed 

crack patterns are not uniform; there may be formed lateral 

cracks, or honeycomb cracks. 

Examples of a conventional linear pattern recognizing method 

are as follows: 

2 
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(1) An image different in density is converted into binary 

data, to extract the region of dark (~r light) lines, and there­

after a line thinning operation is carried out, to recognize the 

line. 

(2) It is determined through correlation with a line detect­

ing operator that there is a line in the high correlation region. 

(3) The densities of pictur~ elements in a plurality of 

directions of a point is summed up to obtain a line existing 

direction with respect to the point. This operation is repeated-

ly carried out in 

In addition, 

a follow-up mode, to recognize the line. 

in the field of a character recognizing tech-

nique, the following methods are ~vailable: 

(4) The black signal of a binary image is counted both-in 

the X-direction and in the Y-direction, and a projection waveform 

is formed with.the count values as waveform values, and collation 

is made with the reference pattern, to recognize the character. 

(5) The region where lines are concentrated as in a charac­

ter region is extracted from the result of projection of a wide 

region, and after each character is taken out of it, the projec­

tion waveform is collated with the reference pattern, to recog­

nize the charactir, 

The above-described conv~ntional techniques (1), (2) and (3) 

are still disadvantageous in the following points: In general, 

they are weak against noise, and they are low in recognition 

accuracy although performing intricate operations, Hence, they 

are not applicable to the field of detecting cracks etc. of a 

road surface where a lot of noise components are generated, and 

3 
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the lines formed therein are intricate in configuration. 

In general, an operation of projection has an effect that 

density is averaged in the direction of projection. Therefore, 

in the above-described conventional techniques (4) and (5) in 

which a wide region is projected, it is difficult to recognize a 

thin linear pattern, and even if the projection ls made in the 

line existing direction , it is impossible to recognize an intri ­

cate l ine such as a crack. Those techniques suffer further from 

the difficulty that it is necessary t o provide the reference 

pattern for recognition. 

Accordingly, an object of this invention is to eliminate the 

above-described difficulties, More specifically, an object of 

the invention is to provide a linear pattern recognizing method 

which can detect an intricate linear pattern such as cracks in a 

road surface with high ac~uracy . 

Another object of the invention is t~ provide a linear pat­

tern recognizing method which can detect especial l y a branch of 

an intricate linear pattern such as cracks in a ~oad surface. 

A further object of the invention is to provide a linear 

pattern recognizing method which can accurately perform a line 

detecting operation even in the case of a directional image which 

is formed for instance by a flying spot method . 

DISCLOSURE OF THE INVENTIO~ 

In the invention, the memory region of an original image 

memory in which original image data have been stored is divided 

into a plurality of smaller regions, and the image data of the 

smaller regions are utilized to obtain projection waveforms at a 

plurality of projection angles for each smaller region. The 

4 
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projection waveforms thus obtained are analyzed to detect the 

presence or absence, line direction, line width and line length 

of a linear pattern in each smaller region, According to the 

results of detection, a linear segment corresponding to the 

linear pattern is extracted for each smaller region, 

The projection waveforms at the plurality of projection 

angles are obtained for each smaller region as follows: A divid­

ing slit is provided for dividing the memory region.of the origi­

nal image memory into a plurality of smaller region, and the 

dividing slit is rotated with the image fixed, or the image is 

rotated with the dividing slit fixed, With respect to the rotat-

ed slit region thus obtained, projection.waveforms in the x­

direction and in they-direction for instance are obtained. 

Those projection waveforms are analyzed to determine the line 

direction, line width and line lerigth of a linear pattern for 

defining the configuration and direction of a linear segment, 

,Hence, according to the invention, a linear pattern can be 

recognized with high accuracy which is included in an image which 

has intricate lines such as cracks and has a lot of noise compo-

nents, In addition, even a linear patter which is changed local-

ly in width and in direction can be readily recognized as a 

linear segment by analysis of the projection waveforms without 

complicated operations. Furthermore, it is unnecessary to use a 

standard pattern ·such as a line detecting matching pattern, as a 

-result of which a linear pattern to be recognized is not limited 

in width, length and direction. If the smaller regions are 

defined in such a manner that each of them overlaps the smaller 

5 
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regic:rns adjacent thereto, then the difficulty can be eliminated 

that n linear pattern is not completely detected because of the 

rotation of the slit. 

Furthermore, in the invention, in analyzing of the projec­

tion waveforms, the projection waveforms obtained at the projec­

tion angles are normalized with predetermined functions having at 

least the projection angles as variables, and the projection 

waveforms thus normalized are utili~ed to determine the line 

direction, line width and line length of the linear pattern in 

each smaller region, As a result, the directional effect of th~ 

measured image is corrected. That is, in the case where the 

image data are directional, or directional background noise 

components are included, or the image (density and contrast) of a 

linear object differs depending on directions, the line direction 

and line width can be detected with high accu~acy; and the diffi­

culty ·is eliminated that the background noise components are 

recognized as linear objects. Thus, the line detecting operation 

is carried out with high stability, 

Furthermore 1 in the invention, after extraction of the 

linear segments, the positional relationships of the smaller re­

gions including a linear pattern are determined, and the results 

of determination are utilized to select interpolation regions for 

reprojection, and for ~ach of the interpolation regions thus 

selected an operation of extracting the linear segment is carried 

out, so that the difficulty is positively eliminated that the 

line in ·the region boundary is not completely detected because of 

rotation of the image or the slit. In other words, first the 

image data is divided coarsely, and the projection waveforms are 

6 
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analyzed; and thereafter according to the positional relation­

ships of the regions which are determined to include a linear 

pattern, interpolation regions for reprojection are selected, and 

for the interpolation regions thus selected the· projection wave­

forms are analyzed. 

Furthermore, in the invention, in association with the 

extraction of the linear segments, for each region the standard 

deviation of the projection waveform in the line direction deter­

mined before is obtained and utilized to determine whether or not 

the object to be recognized therein is a branch. When it is 

determined that a region has a branch 1 the region is further 

divided into smaller parts, and for each of the smaller parts the 

projection waveforms are analyzed in the same manner. Thus, the 

branch can be accurately detected with the smoothing effect 

maintained unchanged. In order to detect the branch with high 

accuracy, the region should be divided into smaller parts in such 

a manner that each of the smaller parts overlaps with the smaller 

parts adjacent thereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG, 1 is an explanatory diagram for a description of the 

fundamental technical concept of this invention. FIG. 2 is an 

explanatory diagram showing two methods of obtaining a rotated 

slit region. FIG, 3 is ari explanatory diagram showing examples 

of images obtained according to~ flying spot method, FIG, 4 is 

an expl~natory diagram for a description of a method of correc­

tion which is employed in the case where image data is direction­

al. FIG. 5 is an explana.t_ory diagram for a description of one 

7 
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example of an operation of obtaining a line width W. FIG. 6 is 

an explanatory d~agram for a description of a method of interpo-

lating line lacks by overlapping. FIG. 7 is an explanatory 

diagram for a description of a method of interpolating line lacks 

according to an interpolation position determi~ing method/ FIG. 

8 is an explanatory diagram for a description of extracting a 

linear segments in a region including a branch. FIGS. 9 and 10 

are explanatory diagrams showing examples of the classification 

of projection waveform patterns for decision of the presence of 

a branch. FIG. 11 is a block diagram showing the arrangement of 

an apparatus for practicing the method according to the inven-

tion. FIG. 12 is a flow chart for a description of one example 

of the operation of the apparatus shown in FIG, 11. FIG, 13 is 

an explanatory diagram for a description of a method of reading 

data from an original image memory, FIG. 14 is an explanatory 

diagram for a description of one example of a method of obtaining 

projection waveforms using one example of a slit. FIG. 15 is a 

perspective view showing a measuring vehicle for detecting cracks 

in a road surface, FIG. 16 is an explanatory diagram outlining 

a method of forming the image of cracks in a road surface. FIG. 

17 is an explanatory diagram showing the scattering of a laser 

beam. FIG. 18 is an explanatory diagram showing images data 

stored in an image memory. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of this invention will be described with refer­

ence to the accompanying drawings. 

First, the fundamental technical concept of one embodiment 

of the invention will be described with reference to FIG, 1. 

8 
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Let us-c9nsider an image which, as shown in the part (a) of 

FIG. 1, is made up of 256 picture elements x 256 picture elements 

including a linear pattern LP. In this case. each picture ele-

ment consists of 8 bits for instance, and it is multi-density 

data capable of representing 1 through 256 gradations. As indi-

cated by the broken line in the part (a) of FIG. 1, 4x4 square 

slits are applied to the image, so that the latter is divided 

into 4x4 square mesh regions, Then, as shown in the part (b) of 

FIG. 1, the projection waveforms of the divided mesh regions 

(hereinafter referred to as "slit regions", when applicable) are 

obtained in the X-direction and in the Y-direction. In this 

( case, the projection wav~form values Sx and Sy are represented by 

~Di/n (Di is the density data), If it is assumed that the linear 

pattern is larger in density than the background, the projection 

waveform values of the region of the linear pattern are larger 

than those of the other regions as shown in the part (b) of FIG. 

1. 

Next, in each slit region, the slit is repeatedly turned 

about the slit center through a@.:_ter;Iri"e-d~~~~~) in tl?e range 

of Oto 90°, and the projection waveforms thereof are obtained 

every turn of the slit. There are available two methods of 

obtaining the projection waveforms of the slit thus turned; in 

the first _method, the slit is turned with the image fixed, and in 

the second method, the image is turned in the opposite direction 

with the slit fixed, as shown in FIG. 2. In the two methods, the 

resultani projection waveforms are the same. The term "slit" as 

used herein is intended to mean what is used to recognize the 

9 
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region for projection waveform calculation. In obtaining the 

slit. projection waveforms, irrespective of the rotation of the 

slit (or image) t.he average densities of picture trains in paral-· 

lel with the sides of the slit are obtained. In this case, the 

dots of the slit region turned do not coincide with those of the 

image before turned. Ther~fore, the densities of the dots of the 

slit region turned are determined by the interpolation of obtain­

ing the weighted mean of the densities of four picture elements, 

for instance, surrounding each dot. 

When the projection waveforms are obtained every angle of 

rotation, then the projection waveform along the linear pattern 

LP is such that, as shown in the part (c) of FIG. 1, its peak P 

becomes maximum when the slit turns through a predetermined angle 

9, whereby t.he linear pat.tern existing direct.ion 0 can be deter­

mined. 

It is determined according to the value of the peak P wheth­

er or not the linear pattern is truly located in the line direc­

tion 8 thus obtained. 

For instance, the peak value Pis compared with a predeter­

mined threshold value Pth: 

When P ~ Pth' it is determined that the linear pattern is 

located in the line direction, and 

When P < Pth' it is determined that the linear pattern is 

not located in the line direction, 

The threshold value Pth is determined according to the 

following equation (1) for instance: 

(a~ 1) -------- (1) 

where Sav is the average density of the entire image (256 x 

10 
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256 picture eiements), and n and a are the weight coefficient and 

the correction coefficient which have been obtained through 

experiments, respectively. 

Next, the line width W of the linear pattern is determined 

as follows: That is, as shown in the part (c) of FIG. 1,·with 

the projection waveform processed with a predetermined threshold 

value Thd 1 , the length of the cut line of to the peak is the line 

width W. The threshold value Thd 1 may be the above-described 

threshold value Pth which is used for determination of whether or 

not the linear pattern is located in the line direction, or it 

may be set to a suitable value other than those, 

The length L of the linear pattern is determined as follows: 

As shown in the part (d) of FIG. 1, the width of the slit region 

is limited to the crack width W which his been detected, and the 

projection waveforms of the slit region thus li~ited are ob-

tained, The projection waveform along the length of the slit 

region is processed with a predetermined threshold value Thd 2 , so 

as to determined the linear pattern length Lin the slit region. 

This is based on the fact that, with a simple square slit, the 

waveform along the line shows the peak clearly, while in the 

waveform in the widthwise direction the peak is low in contrast. 

The threshold value Thd 2 may be, for instance, the above­

described threshold value Pth used for determination of whether 

or not the linear pattern is located in the line direction, or it 

may be the average density Sav of the entire image. 

By analyzing the projection waveform in the above-described 

manner, the linear patter in one slit region can be recognized as 

11 
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a rectangular pattern the width W, length Land direction 0 of 

which have been known, as shown in the part {e) of FIG. 1. This 

pattern will be referred to as "a linear segment", when applica­

ble. When all the mesh regions in the part {a) of FIG. 1 are 

processed in the above-described manner, then for each mesh 

··region, the linear segment whose width W, length L and location 0 

are known can be obtained. 

For determination of the above-described direction 0, liner 

width Wand the presence or absence of a line, a standard devia­

tion a may be employ-ed. 

In this case, when the slit region is repeatedly turned 

through a predetermined angle, the standard deviation a of the 

projection waveforms is obtained for each slit region turn, and 

the angle of rotation 0 provided when the stan<lard division 

becomes maximum is determined as the line direction. 

In order to determine the presence or absence of a line in 

the direction thus determined, the standard deviation of the 

projection waveform in the direction 0 is compared with a prede­

termined threshold value othl: 

When o ~ othl' a line is present; and 

when o < othl' no Tine is present. 

The· ·trrre-s-hold va::rue othl is determined according to the 

following equation (2) for instance: 

othl = f•Oav + 6 {r ~ 1) ---------- {2} 

where oav is the average of the standard deviations of the 

projection waveforms obtained with the meshes of the entire 

image, and rand 6 are the weight coefficient and the correction 

coefficient, respectively, which are obtained through experi-

12 
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ments. 

As was described above, the line direction 8 is obtuined 

from the slit turn angle provided when the standard deviation of 

the projection waveform becomes maximum. However, in the case 

where the invention is applie•d to the road surface image measure­

ment which has been described with reference to FIGS. 15 through 

18, it is preferable to perform the following correction: The 

road surface image measurement is based on the principal of the 

flying spot method in which a laser beam s~aas a road in such 

manner that it go across the road, and it is so designed that the 

unevenness is emphasized in the road crossing direction because 

of the geometrical positional relationship between the laser and 

the detector. The part (a) of FIG. 3 shows the state of a road 

surface. When a crack CR and large recesses gin the part (a) of 

FIG. 3 are image-formed by the flying spot method, they appeai as 

shown in the part (b) of FIG.3; that is, the crack CR and the 

recesses g are elongated laterally. In the part {b} of FIG. 3, 

reference character m designates the shadows of very small re­

cesses. Hence, the standard deviation of the projection-waveform 

in the road crossing direction is l.arger .than that of the projec­

tion waveform in the direction ~f longitudin:alLy tca.v-ersJ..~g the 

road. Therefore, in order to obtain a-crack direction from the 

standard deviation, the correction should be provided depending 

on the direction. 

As for the correction, as shown in the parts (a) and (b) of 

FIG. 4 for each projection slit region not turned, the standard 

deviations ox(i, j) and oy(i,j) in the horizontal direction and 

13 
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in the vertical direction of the image are obtained, and the 

average values ox and oy of them with respect to the entire image 

arc obtained according to the following equations (3) and (4): 

( 3 ) 

( 4 ) 

Next, the slit is turned through an angle 9, and the estimated 

value 0(8) of the standard deviation of the projection waveform 

in that direction is obtained according to the following equation 

(5) with the average values ox and oy distributed proportionally 

with the angle of rotation 8: 

o(e) = ({90 - e) a +ea )/90 -------(5) 
X y 

Then, the standard deviation o of the slit projection wave-

form is normalized according to the following .equation 6 by using 

the estimated standard deviation.0(8) with the 0 as a variable·: 

E = o/(o{S)) ---------------------------------- (6) 

In the above-described equation, 0(8) and o are obtained with one 

and the same angle of ration. 

The value E of each angle of rotation is obtained, and the 

angle of rotation 0 provided when the value E becomes maximum is 

determined as the crack direction. In this case, the crack 

direction can be determined without being affected by the direc­

tivity of the measured image. 

After the crack existing direction 8 i~ obtained,_ the. 

presence or absence of the crack is determined as follows: That 

is, only when the normalized standard deviation e is equal to or 

higher than 1 for instance, it is determined that the crack 

exists. The value one (1) has been obtained experimentally and 

statistically, and it can be represented by the following general 
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equation: 

e = a/aav = r + 6/aav 

(e = 1 when r = 1 and 6 = 0) 

That is, only when it is larger than the average waveform disper­

sion attributing to the noise components of the image, it is 

determined that there exists an object. 

The line width W may be determined according to a procedure 

shown in FIG. 5, That is, the projection waveform in the direc­

tion 0 is processed with the threshold valu~ (P - ~P) which is 

obtained by subtracting AP from its peak value P, and the stand­

ard deviation a is obtained with respect to the waveform which is 

formed by replacing the part larger than the threshold value (P -

~P} with the value (P - AP). When the a meets the following 

condition, then the length of the cut line of the peak is select­

ed as the line width W: 

o !S 0 th2 (athZ is the width determining threshold value) 

However, when a> ath 2 , then the processing is carried out with a 

threshold value (P - 2AP), The same processing is performed 

repeatedly until the condition o !S oth2 is satisfied. And the 

length of the cut line of the peak is employed as the line width 

W, The step ~p of the threshold value may be for instance the 

quantized step (one gradation per 256 gradations) of a digital 

image, and the threshold value ath2 may be the above-described 

threshold value othl (= r oav + 6). In determining the line 

width, the threshold value othZ should be corrected by the nor­

malization described with reference to FIG. 4, because the line 

width W can be determined more accurately independently of the 
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effect of the directivity of the measured image. 

In addition, the line width W may be determined as follows: 

The average value of the waveforms processed with a threshold 

value (P - i-.tfP, where i = 1, 2, .... ) is obtained. And the 

processing substantially equal to that which has been described 

above is carried out until the average value becomes lower than a 

predetermined threshold value, so that the length of the cut line 

of the peak provided when the condition is met is employed as the 

line width W. 

Now, let us consider the recognition of a linear pattern LP 

as shown in the part (a) of FIG. 6. When, with a 4x4 square mesh 

as shown in the part (b) of FIG. 6 as a slit region, the analysis 

is carried out in the above-described manner with each dot as a 

slit rotation center, the linear pattern is often recognized as 

discontin~ous linear segments as shown in the part (c) of FIG, 6. 

This is due to the fact that, when each slit is turned, parts not 

included by the slit region occur in the vicinity of the slit's 

boundary. Therefore, even if a line exists in the parts, the 

resultant image is incomplete. In order to eliminate this diffi-

culty, in ~he embodiment, as shown in the part (d) of FIG. 6 the 

slit rotation centers are arranged at intervals of a half (1/2) 

of the slit length with the slit length maintained unchanged, so 

that the projection regions are overlapped with one another. In 

this case, the resultant image is provided as continuous linear 

pattern as shown in the part (e) of FIG. 6. 

Thus, all the_ parts of the linear pattern can be recognized 

with the slit projection positions overlapped completely. In 

this connection, the operating time can be reduced by a method as 
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shown in FIG. 7. 

In the method, first for a linear pattern LP as shown in the 

part (a) of FIG, 7, a coarse slit projection is carried out 

without overlapping as shown in the part {b) of FIG. 7, thereby 

to detect linear segments as shown in the part (c) of FIG. 7. 

And at each interpolation position, a projection is performed 

again. For instance in the case where, in the part (d) of FIG. 

7, linear patterns are detected with the slits A and B, then the 

reprojection is performed with the position i, Similarly, when 

linear patterns are detected with the slits A and C, the repro­

jection is performed with the position j; and when linear pat­

terns are detected with the slits A and D, the reprojection is 

carried out with the position k. In this case, the reprojection 

is carried out·at the three positions as shown in the part (e) of 

FIG. 7, and a continuous linear pattein as sh~wn in· the part (f) 

of FIG. 7 is obtained through the reprojections. Thus, the 

·method can reduce the operating time with the detecting capacity 

maintained unchanged. 

For instance in the case where the overlap method shown in 

FIG. 6 is employed, the projection is carried out 49 (7 x 7) 

times; whereas in the case where the interpolation method shown 

in FIG. 7 is used, it is carried out only 19 (4 x 4 + 3) times. 

Now, a branch determining method and a slit projection 

method in the case where a linear pattern has a branch will be 

described. 

If, in the case where a linear pattern has a branch as shown 

in the part (a) of FIG. 8, the slit size is large, the rectangu-
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lar linear segment obtained through recognitior1 is as shaded in 

Lhe part (b) of FIG 8; that is, sometimes it is impossible to 

clearly express the branch. 

decreasing the slit size. 

This dlfficulty may be overcome by 

However, lf the image is processed, in 

its entirety, with the slit size reduced, then in proportion to 

the slit size the smoothing effect of the projection is de-

creased, so that noises are recognized erroneously. Therefore, 

in the embodiment, it is determined whether or not a linear 

patter has a branch in each slit region, and only for the slit 

region having a branch the reprojection is carried out with the 

slit size reduced. 

With the slit turned in the line existing direction e, the 

projection waveforms in the x- and y- directions of the slit are 

obtained. And the smaller of the standard deviations of those 

projection waveforms is represented by oH, and the other by oL. 

Under this condition, those standard deviations oH and oL have 

been investigated with respect to a variety of images, and it has 

been found that the images patterns in the slit regions can be 

classified as shown in FIG. 9 according to the standard devia­

tions 0 8 and oL. That is, the part (a) of FIG. 9 shows the 

background having no linear pattern nor branch. In this case, oH 

is _small, and is substantially equal to oM{oH/oL ~ 1). The part 

(b) of FIG. 9 ~hows a pit. In this case, oH is middle, and oH/oL 

~ 1. The part {c) of FIG. 9 shows a simple line such as a crack, 

In this case, oH is large, and therefore oH/oL is also large. 

The part {d) of FIG. 9 shows a branch. In this case oH is 

large, and oH/oL is one (1). These relationships are can be 

indicated in a ox ay coordinate system as shown in FIG, 10, 
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Therefore. it can be determined according to the relationships 

whether or not there is branch in the slit region. Nore specifi­

cally. the standard deviations ox and ay of the slit projection 

waveform in the line existing direction are obtained. and it is 

detected where those values are located in the graph-of FIG. 10. 

When it is detected that they are located in the "branch" region 

of the graph, then it is determined that the object in the slit 

region is a branch. The boundaries of the regions in the graph 

are determined statistically and experimentally, 

When it is determined by ~he above-described method that a 

slit region has a branch, then a slit which is 1/4 of the initial 

slit (shown in the parts (a) and (b) of FIG, 8) is used for it, 

and the reprojection is carried out with the projection regions 

overlapped turning about the dots shown in the part (c) of FIG. 

8. With the reprojection, the bra~ch p·atte~n as shown iri the 

part (a) of FIG. 8 can be recognized as the combination (logic 

OR) of ~ectang~lar linear segments SG 1 through SG 5 (shaded) as 

shown in the part (e) of FIG. 8; that is,. the branch can be 

reproduced with high accuracy. 

FIG. 11 show~ the arr•ngement of one exampl~ of a system for 

practicing the above-described linear pattern recognizing method 

which is applied to the detection of cracks in the road surface 

in FIGS. 15 through 18. 

The image data obtained by sampling the road surface with a 

predetermined pitch (for instance 1 mm) in the longitudinal 

direction are recdrded in a VTR 10, and transferred to an image 

memory 11 off-line, and then recorded in a magnetic tape 12. The 
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image data stored in the magnetic tape 12 are inputted into a 

linear pattern recognizing unit 20 off-line. It is assumed in 

this connection that, with 256x256 picture elements as one unit, 

image uata having 8 bits per picture element is inputted from the 

magnetic tape 12 into an original -image memory 21. 

The linear pattern recognizing unit 20 comprises: the origi­

nal image memory 21 in which image data of 256x256 picture ele­

ments (one picture element: 8 bits) is stored; a slit image 

memory 22 for storing the image data which are read out of the 

original image memory 21 substantially per slit; an image rotat­

ing circuit 23 for repeatedly rotating the image data of the slit 

image memory 22 through a predetermined angle according to an 

instruction from a system controller 31 and outputting them; a 

rotated image memory 24 for storing the image data thus rotated; 

a projection waveform operating circuit 25 for reading image data 

from the rotated image memory 24 to obtain the projection wave~ 

forms in two directions, the x-direction and they-direction, in 

a slit region; a projection waveform memory 26 for storing the 

projection waveforms provided with each angle of rotation; an 

identifying parameter operating and storirig circuit 27 for oper­

ating and storing identifying parameters such as the average 

density S of the entire image necessary for analysis of the . - av _ 

p~ojection waveforms, and the average standard deviation aav of 

the entire image, and calculating and storing the necessary 

threshold value Pth' Thd 1 , Thd 2 , othl or othZ; a waveform parame­

ter operating circuit 28 for obtaining a standard deviation a or 

peak value P from the projection waveform provided with each 

angle of rotation, to calculate a line direction 9, line width W 
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and line length L; a comr·,rison circuit 29 for subjecting the 

outputs of the waveform parameter operating circuit 28 and the 

identifying parameter operating circuit 27 to comparison; a 

feature table storing circuit 30 for storing feature parameters 

such as a line direction 0, line width Wand line length Lob­

tained from the results of comparison; a coordinate forming 

circuit 33 for forming addresses (coordinates) for the original 

image memory 21 and a processed image memory 32; the processed 

image memory 32 for display which stores the binary image data of 

rectangular linear segments recognized; and the system controller 

31 made up of MPU or the like for controlling the operations of 

the above-described circuit elements. 

One example of the operation of the system thus organized 

will be described with reference to FIG; 12t a flow chart. In 

this connection, it is assumed that the image data of 256x256 

picture elements (one picture element consisting of 8 bits) as 

shown in FIG. 1 is stored in the original image memory, and 

similarly the 4x4 square slit is applied thereto. In this case, 

in obtaining rotated projection waveforms, the image is rotated 

in the -0 direction with the slit fixed. In addition, the method 

of using the standard deviation a is employed for determination 

of the li~~ di~ecti~n 0 and for determination of the presence or 

absence of a line. The method described with reference to FIG, 5 

is employed to determine, the line width W. In determining the 

line length L, th~ peak threshold value Pth for determination of 

the presence or absence of a line is used as the threshold Thd2, 

Furthermore, the interpolation method described with reference to 
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FIG. 7 is employed so as to detect a linear pattern in its en­

tirety. 

B8fore analyzing Lhe projection waveforms of an image rotat­

ed, the system controller 31 operates to obtain identifying 

parameters such as an average density Sav and an average standard 

deviation aav (Step 100). The system controller 31 controls the 

coordinate forming circuit 33 to output a memory address so that 

image data corresponding to a slit region are transferred from 

the original image memory 21 into the slit image memory 22. In 

the identifying parameter operation, the image rotating circuit 

23 operates to cause the data stored in the slit image memory 22 

to be stored in the rotated image memory 22 without rotation. 

The projection waveform operating circuit 25 reads the not rotat­

ed image data from the rotated image memory 24, obtains the x­

direction and y-direction projection waveforms in the slit region 

in the manner described with reference to the part (b) of FIG. 1, 

and stores the resultant projection images in the projection 

waveform memory 26, The waveform parameter operating circuit 28 

obtains the average density d (1,1) and standard deviations 

o(l,1) according to the contents of the projection waveform 

memory 26. This operation is carried out for all the slit re-

gions (not overlapped), That is, the waveform parameter operat~ 

ing circuit 28 obtains the average densities d (1,i), 

d(l,2), .... and d(4,4) and the standards deviations o(l,l), 

o(l,2) ..... and o(4,4) of all the slit regions (cf. the part (b) 

of FIG. 4), These average densities and sta~dard deviations are 

applied to the identifying parameter operating circuit 27, where 

they are averaged to provide the average density Sav and average 
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standard deviation aav. of the entire original lmage, The identi­

fying parameter operating circuit 27 stores those average values 

Sav and oav' and obtains the peak threshold value Pl:.h and the 

standard deviation threshold value othl' which are used for 

analysis of the projection waveforms. 

Next, the system controller 31 oper·ates to analyze the 

projection waveforms of the rotated image. In this case, the 

system controller 31 operates to cause the coordinate forming 

circuit 33 to provide coordinates with which, as shown in FIG. 

13, the image data of a slightly larger region (as indicated by· 

the solid line) is read out of the original image memory 21; that 

is, when an image VD i~ rotated, the image data is contained in 

the region of the fixed slit SL (indicated by the broken line) at 

all times. 

memory 22. 

The image data thus read is stored in the slit image 

The imaie rotatirig circuit 23 operates to rotate the 

image data stored in the slit image memory through a predeter­

mined angle in response to an instruction form the system con­

troller 31, and transmits the image data thus rotated to the 

rotated ima~e memory 24. In this operation, the image rotating 

circuit 23 carries out the above-described interpolation utiliz­

ing the weighted density means of four picture elements adjacent 

thereto in order to correct the shift of the grid point due to 

the rotation. The projection waveform operating circuit 25 reads 

the st9red data from the rot~ted image memory 24, to obtain x­

direction and y-direction projection wavexorms in the slit region 

in the manner described with reference to the part (b) of FIG, 1 

and causes the projection waveform memory 26 to store the projec-
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tion waveforms thus obtained. Thereafter, the system controller 

31 B(Jl,11.ies the next angle of rotation to t.he image rotating 

circuit 2 3. And the same operations are carried out, so that the 

projection waveforms with the angle of ration are stored in the 

projection waveform memory 26. The above-described operations 

are performed repeatedly until the image has been rotated step­

wise in the range of o0 to 90°, so that the projection waveforms 

with all the angles of rotation are stored in the projection 

waveform memory 26. 

According to the projection waveforms with all the angles of 

rotation which have been stored in the projection waveform memory 

26, the following operation is carried out, to recognize a crack 

or branch as a linear segment. 

first, the wavef6rm parameter operating circuit 28 uses the 

projection waveforms with all the angles of rotation which have 

been stored in the projection waveform memory 26, t.o obt~in.the 

standard deviation a for each angle of rotation, and reads the 

average standard deviations ox and oy in the x-direction and y-

direction of the whole image from the identifying parameter 

operating and storing circuit 17, to obtain the estimated stand­

ard deviation o(0)for each angle of rotation, and utilizes these 

calculated values a and o(0) to obtain the normalized standard 

deviation E (= a/cr(0)), and determines as the line direction the 

angle of rotation 0 provided when the value E becomes maximum. 

Thus, by determining the line direction in the above-described 

manner, the crack direction can be determined correctly without 

being affected by.the directivity of the image measured in the 

flying spot method. The angle of rotation 8 thus determined is 
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stored in the feature table storing circuit JO. The waveform 

parameter operating circuit 28 applies the value e corresponding 

to the angle of rotation 0 thus determined to the comparison 

circuit 29, to which a value 11 1" for instan<?e has been applied by 

the identifying parameter operating circuit 27. The comparison 

circuit 29 subjects these values e and "1 11 to comparison, and 

applies the result of compariso~ to the feature table storing 

circuit 30, The system controller 31 determines it from the 

result of comparison that there is a crack when e ~ 1, 

In the case where the presence of a crack is determined, the 

system controller 31 operates to detect a line width Wand a line 

length as follows: 

The determination of the line width Wis achieved by the 

method described with reference to FIG, 5. That is, the waveform 
. . 

parameter operating circuit 28 obtains the peak value P of the. 

projection waveform in the crack existing direction e, processes 

it with a threshold value (P - JP), obtains a standard deviation 

a concerning the waveform which is obtained by replacing the part 

larger than the threshold value (P - ~P) with the value (P - JP), 

and applies the standard deviation thus obtained to the compari-

son circuit 29. In this operation, the comparison circuit 29 has 

receives a width determining threshold value crth2 from the iden­

tifying parameter operating circuit 27 (in this case, instead of 

crthZ' the threshold value athl (= r oav + 6) for determining the 

presence or absence of a linea~ object being used). The compari-

son circuit 29 subJects those values a and othZ to comparison,· 

and applies the result of comparison to the feature table storing 
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circuit 30. When a SthZ' the system controller 31 applies an 

instruction signal to he waveform parameter operating circuit 28 

to cause the latter to obtain the length of the cut line of the 

peak at that time, and causes the feature table storing circuit 

30 to store it as a line width W. In the case where a> othZ' 

ihe system controller operates in the same manner with a thresh-

old value (P - 2JP}. That is, the above-described opera~ion is 

carried out repeatedly until o S ath 2 is satisfied. The length 

of the cut line of the peak provided when the condition is satis­

fied is regarded as the line width W, and it ls stored in the 

feature table storing circuit 30. If, in this case, the thresh-

old value ath 2 is subjected to directional correction by the 

above-described normalization, then the line width W can be 

detected with higher accuracy. 

In order to determine the line length L, the system control­

ler 31 reads the image data of the region which is limited to the 

line width W only in the direction of line width, out of the 

image data stored in the slit image memory 22, and causes the 

image rotating circuit 23 to rotate it through -e. The image· 

data thus rotated is stored in the rotated image memory 24. The 

projection waveform operating circuit 25 obtains the x-direction 

and y-direction projection waveforms of the image data, and 

applies them to the projectiori waveform ~emery 26 so that they 

are stored therein. The waveform parameter operating circuit 28 

uses a threshold value TthZ (= Pth = .a·Swh + ~) read out of the 

identifying parameter operating and storing circuit 27, to proc­

ess one of the x-direction and y-direction projection waveforms, 

which is different in direction from the projection waveform 

26 



Petitioner LG Ex-1004, 0405

' ' EP O 380 659 Al .. ' -':.- , .. 

whose peak has been obtained, to determine the line length L, and 

applies the line length to the feature parameter storing circuit 

30 so that it .is stored therein. In the above-described manner, 

the width W, length Land direction 0 of the lin~ar pattern in a 

slit region are detected, and they are stored in the featur~ 

table storing circuit 30 (Steps 110 and 120), In the case where, 

after the direction 8 is determined, it is determined that no 

line exists, the operations of determining the line width Wand 

the line length Lare not carried out, and the projection wave­

forms of the next slit regions are analyzed. 

Next, the system controller 31 operates according to the 

method described with reference to FIGS. 9 and 10, to determine 

whether the image recognized in the slit region is a line, or a 

branch, or others (Steps 130 and 140). When it is a simple 

linear pattern, the system controller 31 operates to write the 

rectangular linear segment, which is defined by the line width W, 

line length Land direction 8 stored in the feature table storing 

circuit 30, in the corresponding region in the processed image 

memory 32. In this operation, when the linear segment thus 

recognized is written in the processed image memory 32, its 

rotated angle is corrected, so that the image data in the origi­

nal image memory 21 correspond to those stored in the processed 

image memory. 

When, on the other hand, the object is determined as a 

branch, the system controller 31 operates to subdivide the image 

data of the slit region stored in the slit image memory 22 by 

overlapping in the manner described with reference to FIG, 8, and 
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to make analysis for each of the image data thus subdivided with 

respect to the rotated projection waveforms thereof similarly as 

in the above-described case {Step 150), The feature parameters 

(direction 0, width Wand length L) of the subdivided regions are 

stored in the feature table storing circuit 30 (Step 160). 

According to those feature parameters, the system controller 

operates to reconstruct the linear segment in the slit region, 

and to write it in the corresponding region in the processed 

image memory 31. Thus, an intricate branch pattern can be repro-

duced with high accuracy. 

The above-described operations are carried out for all of 

the 4x4 slit regions (Step 180), the linear pattern stored in the 

original image memory 21 is reproduced as lhe sum (OR) of the 

rectangular linear segments in the processed image memory 32. 

Next, the system controller 31 operates to reproduce a line 

pattern completely. First, the system controller 31 identifies, 

of the 4x4 slit regions, the region in which a linear object 

exists, and determine, in response to the identification, an 

interpolation position for reprojection in the manner described 

with reference to the part (e} of FIG. 7 (Step 190) And the 

system controller 31 reads the image data from the original image 

memory which corresponds to the one interpolation position thus 

determined, and operates to analyze the image data thus read with 

the projection waveform rotated similarly as in the above-

described case. The results of analysis (W, Land 0) are stored 

in the feature table storing circuit 30 (Step 200). The system 

controller 31 writes the rectangular linear segment defined by 

the feature parameters (W, Land 0} in the corresponding interpo-
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lation position in the processed imaie memory 32. The above-

described operation is carried out for all the reprojection 

interpolation positions (Step 220), as a result of which a rec­

tangular linear pattern which is continuous as one linear pat.tern 

is reproduced in the processe~ image memory 32. 

In the above-described method, in the case where the origi­

nal image has no linear pattern at all, or noises are superposed 

on the original image, noises may be detected from other than 

lines even if the identifying parameters such as a total average 

standard deviation oav necessary for processing are determined 

from the original image data. However, such noises appear indi­

vidually, being not connected to one another. For instance in 

detecting a road surface for cracks, the road surface is made 

uneven because of aggregate (small pebbles) in the asphalt con­

crete, and the uneven parts are observed dark similarly as in the 

case of a crack in the road surface. However, the uneven parts 

are not connected to one another, occurring individually. Hence, 

such noises can be separated from the linear object by removing 

the linear segments dete6ted individua~ly, 

According to the above-described embodiment, 

(1) The memory region is divided into a plurality of square 

regions, and for every square region the projection waveforms a~e 

obtained. And the square region is repeatedly rotated through a 

predetermined angle to obtain projection waveforms in a plurality 

of directions. These projection waveforms are analyzed to recog­

nize a linear pattern as a rectangular linear segment. There­

fore, intricate lines such as cracks can be recognized with high 
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accuracy. 

(2) The identifying parameters such as average densities and 

average standards deviations are determined according to the 

image datn stored in the original image memory. Therefore, even 

if the image data are fluctuated in density or in background 

noise, the line recognizing operation is stably carried out at 

all times. 

{3) It is unnecessary to use a standard pattern such as a 

line detecting matching pattern. That is, since such a standard 

pattern is not used 1 the recognition of a linear pattern is not 

limited by the width, length and direction thereof. 

(4) Even if a linear pattern to be recognized is locally 

changed in width or direction, its projection waveforms can be 

analyzed without intricate operation, whereby it can be readily 

recognized as a linear segment, 

(5) The slit regions are defined in such a manner as to 

overlap with the adjacent ones. This will eliminate the diffi-

culty that a line is not completely detected when the image or 

the slit is rotated, 

(6) First, with the image data divided coarsely, the projec­

tion waveforms are analyzed, and then an interpolation region to 

be reprojected is determined according to the positional rela~ 

tionship of the region which has a linear pattern. And only for 

the region thus determined, the projection waveform analysis is 

carried out. Hence, the operating time is greatly reduced, and 

the difficulty can be positively prevented that a line is not 

completely detected. 

(7) In the case of directional image data, correction is 
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made according to the directivity of the image data to determine 

the line existing direction and the line width. Hence, even when 

directional background noises are included, or the image (density 

and contrast) of a linear object differs depending on directions, 

the line direction and width cari be accurately detected. Fur­

thermore, the background noises will not be recognized as linear 

objects; that is, . the line detecting operation is carried out 

with high stability. 

(8) The presence or absence of branch is detected, and only 

for the region having the branch, the slit dividing operation is 

carried out, and the reprojection waveforms thereof are analyzed 

to extract a linear segment. Hence, the branch can be accurately 

detected with the averaging effect maintained unchanged. 

The invention is not limited to the above-described embodi-

ment; that is, it can be changed or modified, For instance, the 

method of obtaini_ng proJe~tion waveforms in different projection 

angles may be modified as follows: In the case of an octagonal 

slit as shown in FIG. 14, the projection waveforms in three 

directions can be obtained without rotation of the slit or the 

image. In addition, the number of division and the configuration 

of the slit are optional. Furthermore, if, after analysis, the 

centers of the linear segments are extracted and connected with a 

line, then a linear pattern having no line width can be repro­

duced, 

In the above-described embodiment, for a directional image. 

the estimated standard deviation 0(8) is obtained by the linear 

interpolation that the average standard deviations ox and oy are 
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proportionally distributed with respect to angle 0, and the 

standard deviati_on o is normalized according to. the value o(0), 

whereby the image directional in one dir~ction is processed as in 

the case of an image according to the flying spot method. Howev-

er, in the case where noises are intricate in directivity as in 

the case of detecting cracks in a metal surface or tears in a 

paper or cloth surface in which fibers are extended in a number 

of directions, instead of the above-described estimated value 

o(0), a non-linear function f(8, ox, cry) consisting of three 

variables 0, ax and oy may be used to normalize the standard 

deviation cr. The above-described directivity correction by the 

linear interpolation may be applied not only to the image ob­

tained by the flying spot method, but also to the image provided 

by an image-pickup element which has noises in one direction as 

in the case of the image obtained by scanning with a CCD line 

sensor and to the imag~ of the object whose mat~ri~l itself is 

directional as in the case of a wood surface or fibers. 

INDUSTRIAL APPLICABILITY 

The linear pattern recognizing method according to the 

invention can be effectively applied to recognize not only cracks 

in road surfaces, but also linear patterns s~ch as cracks, tears, 

stripes, bends in structures such as asphalt roads, concrete 

roads, airport runaways, building-outer walls, vertical concrete 

walls, and tunnel inner walls, and of industrial products such as 

metal plates, plastic plates and vinyl sheets, and linear pat­

terns such as bar-shaped workpieces and introducing while lines 

which are visual means in robots or in conveying systems. 
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A lihear pattern recognizing method comprising: 

a first step in which the memory region of an original 

image memory in which image data have been stored ls divided into 

a plurality of smaller regions, and according to the image data 

in said plurality of regions, projection waveforms at a plurality 

of different projection angles are obtained for each of said 

smaller regions; 

a second step of obtaining, according to said projec­

tion waveforms obtained in said first step, the line direction of 

a linear pattern existing in the image data of each of said 

smaller regions; 

a third step of determining, according to said projec­

tion waveforms obtained for said smaller regions in said first 

step, whether or not a linear pattern exist in the image data of 

each of said smaller regions; 

a fourth step of obtaining, according to said projec­

tion waveforms obtained for said smaller regions in said first 

step, the line width of a linear pattern exisiing in the image 

data of each of said smaller regions; 

a fifth step of obtaining, accordirig to said projection 

waveforms obtained for said smaller regions in said first step, 

the line length of a linear pattern existing in the image data of 

each of said smaller regions; and 

a sixth step of extracting, according to the results of 

operations in said second through fifth steps, extracting a 

linear segment corresponding to a linear pattern existing in the 

image data of each of said smaller regions. 
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2. A linear pattern recognizing method as claimed in claim 

1, in said first step of which an n x m matrix sliL is used to 

divide said memory region of said original image memory into a 

plurality of square regions, 

3. A linear pattern recognizing method as claimed in claim 

1, in said first step of which each projection waveform is ob­

tained with the average value of the densities of a plurality of 

picture elements existing in a projection direction in each of 

said smaller regions as a waveform value. 

4. A linear pattern recognizing method as claimed in claim 

3, in said second step of which, of the projection waveforms ob­

tained in said first step, one which has a projection angle with 

which a projection waveform is made maximum in peak value is 

selected, and the projection angle of said projection waveform 

thus selected is determined as the line direction of said linear 

pattern. 

5. A linear pattern recognizing method as claimed in claim 

4, in said third step of which the maximum peak value of said 

projection waveform in said line direction obtained in said 

second step is compared with a predetermined threshold value, to 

determine whether or not a linear pattern exists in said smaller 

region. 

6. A linear pattern recognizing method as claimed in claim 

5, in said third step of which said threshold value for determin­

ing the presence or absence of a linear pattern is set using the 

average density of all the image data in said original image 

memory. 
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7. A linear pattern recognizing method as claimed in claim 

4, in said fourth step of which said projection waveform having 

the maximum peak value obtained in said second step is cut with 

the line of a predetermined threshold value, and the distance 

between the two intersections of said cutting line and said 

projection waveform i~ determined as the line width of said 

linear pattern. 

8. A linear pattern recognizing method as claimed in claim 

7, in said fifth step of which, from said image data correspond­

ing to said projection angle providing a maximum peak value which 

is obtained in said second step, a part is extracted which is be­

tween two straight lines which are extended from .said two inter­

sections of said cutting lint and said projection wavefo~m which 

are obtained in said fourth step, with respect to said image data 

thus extracted a projection w~veform is obtained in a direction 

perpendicular to said line direction, and compared with a prede­

termined threshold value, and the length of the part of said 

projection waveform which is larger than said threshold value is 

determined as the line length of said linear pattern. 

9. A linear pattern recognizing method-as claimed in claim 

4, in said fourth step of which said projection waveform havin·g a 

maximum peak value which is obtained in said second step is 

processed with a plurality of first threshold values, standard 

deviation are obtained for a plurality of combination waveforms 

which are combination of projection waveforms smaller than said 

first threshold values and straight lines corresponding to said 

first threshold values and compared with a second threshold 

value, so that, of said combination waveforms with which said 
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stanc.lar<l dev.i.aLions are smaller than said second threshold value, 

one whose first threshold value is largest is selected, and the 

distance between the two intersections of a struig~1t line corre­

sponding to said first threshold value of said combination wave­

form and said projection waveform is determined as the line width 

of said linear pattern. 

10. A linear pattern recognizing method as claimed in claim 

9, in said fourth step of which a plurality of values which are 

provided by repeatedly subtracting a predeter~ined value from the 

peak value of said projection waveform are employed as said first 

threshold values. 

11. A linear pattern recognizing method as claimed in claim 

4, in said fourth step of which said projection waveform having a 

maximum peak value which is obtained in said second step is 

processed with a plurality of first threshold values, average 

values are obtained for a plurality of combination waveforms 

which are combination of projection waveforms smaller than said 

first threshold values and straight lines corresponding to said 

first threshold values and compared with a second threshold 

value, so that, of said combination waveforms with which said 

average values are smaller than said second threshold value, one 

whose fiist threshold value ·is largest is selected, and the 

distance between the two intersections of a straight line corre­

sponding to said first threshold value of said combination wave­

form and said projection waveform is determined as the line width 

of said linear pattern. 

12. A linear pattern recognizing method as claimed in claim 
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11, in said fourth step of which a plurality of values which are 

provided by repeatedly subtracting a predetermined value from the 

peak value of said projection waveform are employed as said first 

threshold values. 

13, A linear pattern recognizing method as claimed in claim 

1, in said first step of which the memory region of said original 

image memory is divided into said plurality of smaller regions in 

such a manner that each of said smaller regions overlap with said 

smaller region adjacent thereto. 

14, A linear pattern recognizing method as claimed in claim 

1, in which said linear segments extracted in said sixth step are 

rectangular. 

15. A linear pattern recognizing method as claimed in claim 

1, in which said linear segments extracted in said sixth step are 

linear. 

16. A linear pattern recognizing method comprising: 

a first step in which the memory region of an original 

image memory in which image data have been stored is divided into 

a plurality of smaller regions, and according to the image data 

in said plurality of regions, projection waveforms at a plurality 

of different projection angles and standard deviations for said 

projection waveforms are obtained for each of said smaller re­

gions; 

a second step of obtaining, according to said standard 

deviations of said p~ojection waveforms obtained in said first 

step, the line direction of a linear pattern existing in the 

image data of each of said smaller regions; 

a third step of determining, according to said standard 
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deviations of said projection waveforms obtained in said first 

step, whether or not a linear patteri1 exists in the image data of 

each of said smaller regions; 

a fourth step of obtaining, according to said projec­

tion waveforms obtained for said smaller regions in said first 

step, the line width of a linear pattern existing in the image 

data of each of said smaller regions; 

a fift~ step of obtaining, according to said projection 

waveforms obtained for said smaller regions in said first step, 

the line length of a linear pattern existing in the image data of 

each of said smaller regions; and 

a sixth step of extracting, according to the results of 

operations in said second through fifth steps, extracting a 

linear segment corresponding to a linear pattern existing in the 

image data of each of said smaller regions, 

17. A linear pattern recognizing method as claimed in claim 

16, in said second step of which said plurality of standard 

deviations at said plurality of projection angles which are 

obtained in said first step are subjected to comparison, and the 

projection angle providing the largest said standard deviation 

is determined as the line direction of said linear pattern. 

18. A linear pattern recognizing method as claimed in claim 

17, in said third step of which the standard deviation of said 

projection waveform having maximum in standard deviation which is 

obtained in said second step is compared with a predetermined 

threshold value to determine whether or not a linear pattern 

exists in said smaller region. 
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19. A linear patter11 recognizing method as claimed in claim 

18, in said third step of which said threshold value for deter­

mining the presence or absence of a linear pattern is set using 

the average value of said standard deviations of said projection 

waveforms which are obtained for all the smaller regions in said 

original image memory. 

20. A linear pattern recognizing method as claimed in claim 

16, in which said second step comprises: 

a firsi process of obtaining, according to the standard 

deviations of projection waveforms in two-dimensional directions 

provlded when said projection angle obtained in said first step 

is zero, an average value of standard deviations in two­

dimensional directions in said original image memory; 

a second process in which said average value of said 

standard deviations in two-dimensional directions which is ob­

tained in said first process is distributed in proportion to said 

projection angles; 

a third process in which said standard deviations of 

said projection waveform~ at said projection angles which are 

obtained in said first step are normalized with the values calcu­

lated in said second process; and 

a fourth process in which said standard deviations at 

said projection angles which have been normalized in said third 

process are subjected to comparison, so that, of said projection 

angles, one which provides a maximum normalization is determined 

as the line direction of said linear pattern. 

21. A linear pattern recognizing method as claimed in claim 

20, in said third step of which said normalization obtained in 
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said th.ird process is compared with a predetermined value to 

determined whether or not a linear pattern exists therein. 

22. A linear pattern recognizing method comprising: 

a first step in which the memory region of an original 

image memory in which image data have been stored is divided into 

a plurality of smaller regions, and according to the image data 

in said plurality of regions, projection waveforms at a plurality 

of different projection angles are obtained for each of said 

smaller regions; 

a second step of obtaining, according to said projec­

tion waveforms obtained in said first step, the line direction of 

a linear pattern existing in the image data of each of said 

smaller regions; 

a third step of determining, according to said projec­

tion waveforms obtained for said smaller regions in said first 

step,·whether or not a linear pattern exist in the image data of 

each of said smaller regions; 

a fourth step of obtaining, according to said projec­

tion waveforms obtained for said smaller regions in said first 

step, the line width of a linear pattern existing in the image 

data of each of said smaller regions; 

~ fifth step of obtaining, according to said projectio~ 

waveforms obtained for said smaller regions in said first step, 

the line length of a linear pattern existing in the image data of 

each of said smaller regions; 

a sixth ·step of extracting, according to the results of 

operations in said second through fifth steps, extracting a 

40 

-. ! .... 



Petitioner LG Ex-1004, 0419

-" 'f 

EP O 380 659 Al 

linear segment corresponding to a linear patte~n existing in the 

image data of each of said smaller regions; 

a seventh step of determining, according to the result 

of operation in said third step, the positional relationship of 

said smaller region having a linear pattern, and determining, 

according to said positional relationship thus determined, an 

interpolation position on said original image memory for repro­

jection; 

an eighth step of obtaining projection waveforms at a 

plurality of different projection angles again at each interpola­

tion position on said original image memory which is determined 

in said seventh step; 

a ninth step of operating, according to said_projection 

waveforms obtained in said eighth step, the presence or absence, 

line direction, line width and line length of a linear pattern in 

said interpolation region; and 

a tenth step of extracting, according to the results of 

operation in said ninth step, a linear segment corresponding to a 

linear pattern which exists in each interpolation region, and_ 

combining said linear segment thus extracted with said line 

segment obtained in said sixth step. 

23. A linear pattern recognizing method comprising~ 

a first step in which the memory region of an original 

image memory in which image data have been stored is divided into 

a plurality of smaller regions, and according to the image data 

in said plurality of regions, projection waveforms at a plurality 

of different projection angles are obtained for each of said 

smaller regions; 
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a second step of obtaining, according to said projec­

tion waveforms obtained in said first step, the line direction of 

a linear pattern existing in the image data of each of said 

smaller regions; 

a third step of determining, according to said projec­

tion waveforms obtained for said smaller regions iu said first 

step, whether or not a linear pattern exist in the image data of 

each of said smaller regionsj 

a fourth step of obtaining, according to said projec~ 

tion waveforms obtained for said smaller regions in said first 

step, the line width of a linear pattern existing in the image 

data of each of said smaller regions; 

a fifth step of obtaining, according to said projection 

waveforms obtained for said smaller regions in said first step, 

the line length of a linear pattern e~isting in the image data of 

each of said smaller regions; 

a sixth step of extracting, according to the results of 

operations in said second through fifth steps, extracting a 

lineai segment corresponding to a linear pattern existing in the 

image data of each of said smaller regions; 

a seventh step of obtaining for each smaller region the 

standard deviations of said projectiori waveforms in said line 

direction obtained in said second step and in a direction perpen­

dicular to said line direction, and determining .from said stand­

ard deviations whether or not a branch exists in each smaller 

region; 

an eighth step of further dividing each of the smaller 
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regions which are determined to have branches in said seventh 

step into a plurality of much smaller regions, and obtaining 

projection waveforms at i plurality of different projection 

angles again for each of said much smaller regions; 

a ninth step of determining, according to said projec­

tion waveforms obtained for said much smaller regions in said 

eight step, the presence or absence, line direction, line width 

and line length of a linear pattern; and 

a tenth step of extracting, according to the results of 

operation in said ninth step, linear segments corresponding to 

branches existing in said regions. 

24. A linear pattern recognizing method as claimed in claim 

23, in said seventh step of which, when the larger of said stand­

ard deviations in said two directions is larger in value, and the 

ratio of said standard deviations in said tw6 directions is 

substantially equal to one, the existence of a branch in said 

smaller region is determined. 

25. A linear pattern recognizing method as claimed in claim 

23, in said eighth step of which each smaller region is divided 

into said plurality of much smaller regions in such a m_anner that 

each of said much smaller regions overlaps with said much smaller 

regions adjacent thereto. 
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Verfahren zur Bildauswertung 

Die Erfindung bezieht sich auf ein Verfahren zur Bildauswertung nach dem OberbegriH des Anspruch 1 , 
wie er aus IEEE Transactions on PATTERN Analysis and machineintelligence PAMl-10 1988 p610-625 
bekannt ist. 

Auf dem Gebiet des "Maschinensehens" gibt es zahlreiche Verfahren zur Berechnung struktureller 
s Merkmale wie Kanten, Ecken und Flachen aus Grauwertbildern, die z.B. Uber Produktionsregeln mit 

bekannten Testmustern verglichen werden konnen. Daneben gibt es statistische Verfahren, die sich 
insbesondere bei der Textur- und Schrittzeichenerkennung bewahrt haben. Weit_ verbreitet ist die Korrela­
tionsmethode fUr den Bildvergleich, wobei meistens eine zweidimensionale Korrelation der Grauwerte van 
zwei Bildern durchgeftihrt wird. Der Nachteil der geschilderten Methoden ist, da/3 entweder der Aufwand bei 

10 der Anwendung auf beliebige naturliche Bilder zu gro/3 ist oder die oben geschilderten lnvarianzeigenschaf­
ten nicht vorhanden sind. 

Mittels des o.a. bekannten Verfahrens ist jedoch eine Analyse von Bildern nur beschrankt moglich, 
insbesondere sind einzelne zu erkennende Objekte im Bild, z.8. Texturunterscheidungen in Textilmustern, 
Fehler in bearbeiteten Oberflachen, fahrende Fahrzeuge in Videoaufzeichnungen, nicht zu ermitteln. 

15 Aufgabe der Erfindung ist es. das bekannte Verfahren dahingehend zu verbessern, daB Testmuster in 
auszuwertenden Bildern erkannt werden, wobei die Umgebung der Testmuster zu keiner Verschlechterung 
der Ergebnisse fi.ihren soil. 

Diese Aufgabe wird durch das Verfahren nach Anspruch 1 gelost, vorteilhatte Ausgestaltungen sind in 
den Unteranspri.ichen gekennzeichnet. 

20 Das erfindungsgemaBe Verfahren baut auf dem a.a. Verfahren auf; dabei werden Bilddaten durch 
Anwendung eines speziellen Gradientenoperators auf beliebige Grauwertbilder erzeugt. Man erhalt ein Bild, 
in welchem tur jeden Bildpunkt der Betrag und die Richtung des Grauwertgradienten mit jeweils 8 bit 
Auflosung vorliegen. Die Gradientenrichtung ist invariant gegen•ber Addition und Multiplikation der Bildfunk­
tion mit Konstanten. Kontrastumkehr bedeutet Addition von 180 Grad zu jedem Richtungswert. · 

25 Fur den Bildvergleich wird zunachst das Histogramm der Gradientenrichtungen in einem interessieren-
den Bildfenster gebildet. wobei auf die Gesamtzahl der verwendeten Bildpunkte in diesem Fenster normiert 
wird. Man erhalt eine eindimensionale Funktion: Haufigkeit von Winkelwerten in Prozent vs. Winkelwert. Zur 
Reduktion von Rauschen wird das Histogramm durch Faltung mit einer eindimensionalen Gau/3funktion 
geglattet. Die Standardabweichung wird interaktiv eingelesen. 

30 Danach wird der Vergleich mit anderen Bildfenster[! durch Kreuzkorrelation der eindimensionalen 
· · Histogramme durchgefilhrt. Nach jeder Korrelation werden die Winkelwerte auf der Abzisse des Referenzhi­

stogramms jeweils um 1 = 2· (oder einen beliebigen Wert modulo 360) erhoht und mit diesem 
Histogramm erneut eine Kreuzkorrelation durchgefUhrt und das 180 mal. Mit Hilfe disses wichtigen Schrittes 
werden mogliche Drehungen des Vergleichs - gegen das Referenzmuster quantitativ erfa/3t durch Bestim· 

35 mung des maximalen Kreuzkorrelationskoeffizienten in Abhangigkeit vom Drehwinkel. Hierdurch wird auch 
lnvarianz gegen•ber Kontrastumkehr erreicht (s.o.). Durch Normierung auf die Gesamtzahl der ber•cksich­
tigten Bildpunkte - die Haufigkeit bestimmten Richtungen wird in Prozent angegeben - wird eine GroBenin­
varianz erreicht. 

Bei der Suche in Bildern durch einstellbare Verschiebung von Bildfenste~n. deren Histogramme mit der 
40 Referenz kreuzkorreliert werden, wird fUr jede Fensterposition der Kreuzkorrelationskoeffizient berechnet. 

Anschlie/3end wird vorzugsweise das Bildfenster mit dem gro/Jten Zahlenwert (oberhalb einer einstellbaren 
Schwelle) ausgewertet oder auch benachbarte mit ahnlichen Werten. · 

Das geschilderte Verfahren hat folgende Vorteile gegenUber bestehenden technischen Verfahren: 
1. Es werden nicht zweidimensionale, sondern eindimensionale Funktionen (Histogramme) korreliert, 

45 die sich leicht berechnen lassen und deren Wertebereich unabhangig von der Grol3e der verwendeten 
Bilder ist. Dadurch ergibt sich eine erhebliche Aufwandsreduktion, welche technische Anwendungen in 
Echtzeit mit Hilfe heute verfUgbarer elektronischer Bausteine ermoglicht. 

2. Dadurch, da/3 nicht (wie beim Bildvergleich 0blich) Grauwerte sondern die geglatteten Haufigkeiten 
van Winkelwerten korreliert werden, ergeben sich lnvarianzen gegen0ber Drehungen, Gro/3en- und Kontra­

so standerungen. Dadurch erhalt man ein robustes Detektionsverfahren, bei welchem auch der Einflu/3 der 
Umgebung der zu detektierenden Objekte bisher zu keiner nennenswerten Verschlechterung der Ergebnis­
se gefOhrt hat. 

Im folgenden wird das bekannte Verfahren zum besseren Verstandnis der Erfindung anhand der Abb. 1 
erlautert. Die Erfindung wird dann anhand der Abb. 2 dargestellt. 

In der o.a. Literaturstelle wird ausfOhrlich auf die Problematik der Beschreibung van Grauwertanderun-
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gen mit Hilfe· van Gradientenfiltern variabler Gri::i/3e eingegangen. Es wurde eine Filterbank vorgeschlagen, 
in welcher Ober ein Auswahlkriterium automatisch die jeweils beste Maskengri::i/Je bestimmt werden kann. 
Aus AufWandsgrOnden ~ollte man sich jedoch auf wenige MaskengrofJen beschranken, welche mit Hilfe van 
a priori Wissen bez. der zu bearbeitenden Szene festgelegt werden ki::innen. Der Grundgeda_nke tor das im 

s folgenden beschriebene Verfahren besteht darin, durch eine relativ gro/3e Filtermaske Bildrauschen und 
Texturen soweit zu eliminieren, daB zusammenhangende Flachen mit moglichst homogenen Gradienten­
richtungen entstehen. Diese Flachen sollten wesentlich grosser sein als der verwendete Faltungskern. 
Ortlich sich langsam anderne Grauwertverlaufe werden aufgrund ihrer niedrigen Ortsfrequenz kaum beein­
flufJt und lassen sich in dem bandpa/Jgefilterten Bild relativ einfach durch die einheitliche Gradienteneinrich-

10 tung innerhalb des ansteigenden bzw. abfallenden Bereiches der Grauwertflache detektieren. Schatten und 
Schattierungen tohren zu einem signifikanten Maximum im Histogramm der Gradientenrichtungen. Disses 
Maximum kann in Verbindung mit einem gewissen Toleranzbereich dazu benutzt werden, zusammenhan­
gende Flachen im Bildbereich zu gewinnen und als mi:igliche Schatten• oder Schattierungsbereiche zu 
charakterisieren. 

15 Zur Gradientenberechnung bei den in Abb. 1 gezeigten Beispielen wurden 11 x 13 Masken verwendet. 
das entspricht einer Standardabweichung von o = 2.0 tur das Gradientenfilter (normierte Ableitung einer 
GauBfunktion). 

Bei dieser Maskengrolle wird das Digitalisierungsrauschen stark vermindert. Die Maske dient zusatzlich 
zur Reduktion storender Texturen innerhalb van Schatten-/Schattierungsbereichen, wobei die Gro/Je der 

20 Abschwachung von den betreffenden Ortsfrequenzen abhangt. 
Den weiteren Oberlegungen wird die Haufigkeitsverteilung van Winkelwerten in verschiedenen Bildfen­

stern zugrundegelegt, deren GrofJe und Position einstellbar ist. FOr Schatten und Schattierungen wird eine 
Vorzugsrichtung der Gradientenrichtung in einem Bildbereich erwartet, der deutlich gro/3er als der Faltungs-
kern sein sollte. -, 

25 For das Beispiel des PKW in Abb. 1 a veranschaulichen Abb. 1 b und c) die besctiriebene Vorgehens-
weise. In b) sind die helligkeitskodierten Gradientenrichtungen (siehe Beschreibung weiter. unten) darge­
stellt. Die Konvention fur den Gradientenwinkel geht aus Abb. 1 d hervor. Die Gradientenrichtung ist so 
festgelegt, da/J der Vektor stets van dunkel nach hell zeigt, wobei der Winkel im Uhrzeigersinn.zunimmt. . -

· In Abb. 1c ist zusatzlich die MaBnah~e b) des Anspruchs 1 bildlich dargestellt. · · . · 
30 Die Auswertung des Histogramms f•r den markierten Bildausschnitt in b) ergibt, da/J; 95 % der 

Bildpunkte Winkelwerte im Bereich 88 ± 16 Grad haben. Diese Winkelwerte sind in c) wei/J dargestellt. Als 
gro[.lter zusammenhangender Bereich ergibt sich der Schatten var dem PKW. Wie aufgrund der Beleuch· 
tungsbedingungen zu erwarten war. ergeben sich zusatzliche Bereiche, z.B. auf der K0hlerqberflache, 
welche Hinweise auf das Vorhandensein langsam veranderlicher Grauwertanderungen liefern. 

35 Im Unterschied zu der bekannten Vorgehensweise werden erfindungsgema/3 nicht signifikante Maxima 
des Winkelhistogramms ausgewertet, sondern das vollstandige Histogramm der Gradientenrichtungen eines 
vorgegebenen Grauwertmusters als Medell oder Referenzmuster verwendet. Die_ gri:i/3te Ahnlichkeit mit 
einem solchen Referenzmuster wird durch eine Kreuzkorrelation mit den Winkelhistogrammen anderer 
Grauwertmuster (Vergleichsmuster in einem Suchbild) ermittelt. Zunachst wird das Histogramm der Gra· 

40 dientenrichtungen in einem interessierenden Bildbereich berechnet. Man erhalt eine eindimensionale 
Funktion: Haufigkeit van Winkelwerten vs. Winkel (Grad). Zur Rauschverminderung wird das Histogramm 
durch Faltung mit einer eindimensionalen GaufJfunktion, deren Breite einstellbar ist, geglattet. In Abb. 2b ist 
ein solches geglattetes Histogramm fur die Gradientenrichtungen (a" = 1.0) des · Kastenwagens in a) 
dargestellt. Die Glattung erfolgte mit einer 1 x 9 Maske (a = 2.0). Die vier Maxima des Histogramms bei 92, 

45 180, 270 und 360 Grad reprasentieren die vertikel und horizontal orientierten Vorzugsrichtungen des 
Fahrzeugs. 

Drehungen des Vergleichs gegenilber dam Referenzmuster lassen sich sehr einfach dadurch berUck· 
sichtigen, da/J nach jeder Korrelation die Winkelwerte auf der Abzisse eines der beiden -zu korrelierenden 
Histogramme jweils um 1 · oder einen beliebigen anderen Wert modulo 360 Grad erhoht warden und mit 

so diesem Histogramm erneut eine Kreuzkorrelation durchgef•hrt wird. Mit Hilfe dieses Schrittes warden 
mogliche Drehungen der o.g. Muster quantitativ erfa/3t durch Bestimmung des maximalen Wertes des 
Kreuzkorrelationskoeffizienten in Abhangigkeit van der oben durchgefLlhrten Translation, welche dem 
Drehwinkel entspricht. 

Zur Verdeutlichung der beschriebenen Vorgehensweise sell das folgende Beispiel dienen. Abb. 2a ist 
ss ein Ausschnitt aus dem 1. Bild einer Bildserie, in welcher sich der Kastenwagen weg van der Kamera 

bewegt. Das geglattete Histogramm der Gradientenrlchtungen van a) ist in Abb. 2b dargestellt. Dieses 
Histogramm wurde als Referenzmuster verwendet, um das Fahrzeug im 300. Bild dieser Bildfolge automa· 
tisch zu lokalisieren. Trotz einer Grollenanderung van 3:1 des Fahrzeugs und einer (kUnstlich) durchgef•hr· 
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ten Orehung von 45 Grad. belindet sich der Kastenwagen we-itgehend innerhalb des Fensters mit dem 
groDten Kreuzkorrelationskoeffizienten r = 0.869. Die Mitte dieses 90 Spalten und 150 Zeilen gro/Jen 
Vergleichsmuslers isl in Abb. 2c durch ein weitles Rechleck markiert. Zusatzlich erhal1 man das Ergebnis, 
da/.l der hochsle Kreuzkorrelationskoeffizienl mil dem um 46 Grad verschobenen Referenzhislogramm 

s erzielt wurde. Die Obrigen Rechtecke markieren die Mitten weiterer Vergleichsmusler in diesem 343 Spallen 
x 256 Zeilen gro8en Suchbild, in welchem mil einer Schrittweile von 70 Spallen und 80 Zeilen ein 90 x 150 
Bildfenster zur Erzeugung von 8 (sich uberlappenden) Vergleichsmuslern aulornatisch verschoben wurde. 
Der Kreuzkorrelationskoeffizient r wird nach folgender bekannlen Vorschrift ermittelt. wobei sich die x•Werte 
auf die Dalen des Referenzmusters und die y-Werte auf die Oaten des Vergleichsmusters beziehen: 
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AnsprUche 

1. Verfahren zur Bildauswerlung von Bildern einer Videokamera oder eines Fernsehbildes mittels einer 
Auswerteeinrichtung durch Analyse der Richtungen von Grauwertgradienten, wobei gespeicherte Bildmu· 

· ster, z.B. Tex1ilmuster oder Fahrzeuge, in dem auszuwertenden Bild ermittell werden und die Grauwertgra­
dienlen des Bildes_normiert warden, 
dadurch gekennzeichnet, 
da/3 

a) das Hislograrnm der Gradienlenrichlungen gebildet wird, indem die Haufigkeil der Gradientenwin­
kelwerte in Prozent gegen den Winkelwert, z.B. in einer Tabelle, feslgelegl werden. 

b) die Kreuzkorrelation mit dern Hislogramm des gespeicherten Bildmusters durchgefiihrt wird, 
. c) der Winkelwert des Bildmusters urn 1 oder einen beliebigen anderen Wert erhohl (modulo 360) 

und dieses neue Histogramm mil dem Bild kreuzkorreliert wird, 
d) Ma/3nahme d 360 mal oder enlsprechend wenige, oft wiederholl wird, 
e) das Bild mit der hochsten Obereinslimmung der Kreuzkorrela1ion ermittell wird. 

2. Verfahren nach Anspruch 1, 
dadurch gekennzelchnet, 
da/J das Hislogramm durch Faltung mil einer Gaullfunktion geglattet wird. 

· 3. Verfahren nach Anspruch 2, 
dadurch gekennzeichnet, 
da/J Faltungskerne von 5 x 7 oder 11 x 13 Elem ente verwendet werden. 

· 4. Verfahren nach Anspruch 1, 

dadurch gekennzeichnet, 
da/3 zusatz!ich das Histogramm des Bet,ages des Grauwertgradienten und/oder des Grauwertes gebildet 
und die Kreuzkorrelatlon durchgefi.ihrt wird. 
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04/0 9/2002 13:04 FAX 925472889- TOWNSEND.~SEND CREW -

-~ 

~~ . 

o ,'< .., Jc, '"j 
-~~ 

~- ,". . DECLAIU1'ION AND POWER OF AriORNEY 
. ~ .. di)~ 

As ~~d Inventor, I declare that: 

~007 

My residence, post office addr~s and citu.cnship ate as stattd below oext to my name; l believe I am the original, fint and sole 
Inventor (i! only one name is listed below) or an original, first and jaillt inventor (if plw:al inventor, are named below) of the subject 
matter which is claimed and for wb.icb a pat..nt is sought on the invention entitled: METHOD AND ~'FOR AUT0~1:1C 
VI~ERC~ON the spccificatioa of which __ is attached hcteto or __ was filed on · rn '\ as Appheauou 
No. 9!ll- and was amended on ______ (if applicable). 

I have rcviewet;l and under..mnd \he coatents of the above identifiro specification, including the clwns, as amended by any 
amendment referred to above. I aclc:nowledge the duty to disclose inlonnation which is 1I111tcrial to patentability as defined in Tide 37, 
CQde of Federal Regulations, Section 1.56. I claim foreign priority benefits under Title 3S, United States Code, Section 119 of !Illy 
foreign application(s) for patt:nt or inventor's certificate listed below and have also identified below any foreign applica~n for patent 
or inventor's certificate having a filing date before that of the application on which priority is claimed. · 

P~orll'oreig n A.nnlication(s) 
Priority Claimed Under 

Countrv Annlication No. Date ofFilin2 3S USC 119 

France 00 0235S 02/24/00 

I hereby claim the benefit under Title 35, United States Code § 119(c) of any United States provisional application(s) listzd below: 

[ Application No. F iliAA Date 

I claim the benefit under Title 35, United States Code, Section 120 of my Uoited States application(s) listed below and, insofar as the 
subject ma.tter of each of lhe claims of this application is not disclosed in the prior United States application iD the maimer provided by 
the fust paragraph of Title 35, United States Code, Section 112, I acknowledge the duty lo disclose material information as defined in 
Tide 37, aide of Federal Regulations, Section 1.56 which ~ed between the filing date of the prior application and the national or 
Per international filing date of this application; 

Application No. Date of Filing Status 

POWER. OF ATTORNEY: As a named inventor, I hereby appoint the following attomey(s) and/or agcnt(s) to prosecute this 
application and transact all b~ness in the Patent and Trademarlc Office connected cherewith. 

Gerald T. Gray, Reg. No. 41.797 
Babak S. Sani, Reg. No. 37,495 

Send Col'!espondencc to: 
Cenald T. Gray 
TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, B" Floor 
San Francisco. C:llirornia 94111-3834 

Received from< 9254728893 > at 419102 5:12:19 PM ~astern Daytlght TimeJ 

Direct Telephone Calls to: 
(Name, R.cg. No., Telephone No.) 
Name: Gerald T. 0(11.y 
Reg. No.: 41,797 
Telephgnc: 92S-472-5000 

l of2 
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__ 0_4109/2002 13: 04 FAX 925472889 ___ _ 
TOWNSEND & TOWNSEND CREW - '41008 

Attomey Docket No.: 20046H-000100US 

PUii Name of LastNamc: fiJStNamc: MiAldlc Name OJ Initial: 
1-torl: PIRIM PATRICK 
Residence& City. Sta tc/FQreisn 0iwicry: Colllltty o! Citizenship: 

Citi2cnshil'I: 7S013 Paris France France 
Post Office Post Office Addrcn: City: StaldCCMlnor- I Posial Code:: 
Address: S6Rue Patay 75013 Paris France 

I t\uther declare that all statements made herein ofmy own knowledge are tiue and that all statemenlS made on infonn.ation and belief 
are believed to be true; and t'Urther that the$e statements were made with the Jmowledge that willf\aJ {alse statements and the like so 
made are punishable by fine or imprisonment, or lwth, under Section l 00 l of Title 18 of the United States Code, and that such willful 
fabe statements may jeopardize the validity of the application or any patent i$$uing thereoo.. 

Signatwc oflnveotor 1 

,,! --~ 
I ~ i ,VP ~- rkt 

SF 1193098 v1 

Received from< 92S4728893 > at 419102 5:12:19 PM ~astern Daylight TimeJ 
2of2 
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-,Od1995.., 

PT'01681Z2(1C>OO) 

~' 11trOu111>tlY3tl2002.0MB0651-«13t 
U.S. f'aterd 811d T,_-. 0. , U.S. OEPARTMENf 0# COMMERCE 
fl>•-«-..-1 •-ONllartlrlll,..,.. 

FOR EXTENSION OF TIME UNDER 31 CFR 1,136{a} 
Doc:kel Numbef (Optio1'1811 
20046H-000100US 

fl!O06 

0 C In re Application of Patr1dt Pirim 
'~) ~Ap:...:p..:.li_ai.:.lio:.. _:n..:.N_u_mb_er-09/79--2-,436--~Fil=,-e-:d--::F~e~bru-ary"""'.:23-:-:, 2=00~1--; 

\\ \\ ~ For METHOD ANO DEVICE FOR AUTOMATIC VISUAL 
~ PERCEPTION 

1--,,----:-:-...,,--r=- -:--------------; 
"·. () . Group Art Unit Examiner 

" -~ - ' ~ 2122 . 
This is a request under the provisiOns of 37 CFR 1. t 36(a) to extend the period for filing a 

reply in the above identified appllcatl0n. 

The requested extanslon and appropriate non-small-entity fee are as follows 
(check time period desired): 

D One month (37 CFR 1.17(e)(1)) 

D Twomonlhs{37 CFR 1.17(a)(2)) 

. D Three months (37 CFR 1.17(a)(3)) 

D Four months (37 CFR 1.17(a)(4)) 

181 FiVe monthS (37 CFR 1.17(a)(S)) 

$ 

$ 

$ 

$ 

$1960 

O Applicant claims small entity status. See 37 CFR 127. Therefore, the fee amount shown 
above is reduced b'J one-half, end the resulting fee is: S . 

D A check In the amount of the fee is enclosed. 
D Payment by credit card. Form PT0-2038 Is attached. 
D The commissioner has already been authorized to charge fees In thls 

apiir10ation to a Deposit Account. 
181 The Commi:.sloner Is he!'llhy eutho~ed to charge any fees wf>ich may be required. 

or creart any overpayment, to Deposit Account Number 20-1430. 

I have enclosed a duplicete copy of this sheet 
I am the O eppllcantlinventor. 

D assignee of record of the entire interest. See 37 CFR 3.71 

Statement uncler 37 CFR 3.73(b) is enci~ed. (Form PTO/SB/96). 

0 attorney or agent cf record. 

181 attomey er agent under 37 O::R 1.34(a). 

Regl5lmllon numbot If-. w~ $1 eFR 1.34(a). 41,797 • 

WARNING; Information on this fonn may become pubnc. Credit c;ard Information ::hould not 
be Included on thilJ form. Provide crodlt c.ard Information and authoriz:ation on PTO-2038 • 

. No. 41 797 

Typed or pr1nted name 

NOTE: Sig"81wU Ill aD hi imell!Otl or asslgna~ o( recotd ol lhe anlinl lnler!:$lor 1l1Cllr n,pu&emalive(s) are rcQuirec1. Submit mulllplo 
fomm ii more 111an 1111e slgnawro Is n,q\bed. aaa below". 

lluidon HaurSlalernont 11-tb bm Is esllmaed lDIBIIB 0.1 """'""'~·limo ... 'MJ•pendinQ-11111 .-IA otlhe hi~ casa. Nff 
- onh-11Corlll'Oe1<011 ... -- ..,.,.,,,.,_tlll&......,_be ..... ID lhaO.lallnlonnallonOlr.-, U.S. PD18111-TtMe"""11 
Offlca. Wa&llln&11111, '1C 41ml, 00 NaT SEND FEES 0R OOhf'I.E1lig flJRMS TO TltlS ADOOE:ili, HNP TO: Alllaln ~ tor 
Pwlnm.W""'1np,,OC2CIZS1. 

V 

Received ~om< 9254728893 > at 419102 5: 12: 19 PM !Eastern Oa~ight Time) 
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04/09/2002 13:04 FAI 92~4728. --- --- --- --- --- --- ~009 

Page\ of2 

COMMl5SJONER f'QA l'k,.e'."11'1 
UNlTED STJ.Tl!.S PAJ"l"" .,.D llWlE- o,r1cE 

~-OTQN. o.e. Z0 23t 
--,.<ll!)IOQC,., 

Al'l'I.IC ATION N\JMBBR FIIUT ~ Al'Pl.l('AN•r 

09/792,436 02/23/2001 Patrick Pirim 20046H-OO0 I 00US 

20350 

CONFIRMATION NO. 9956 
FORMALITIES LETTER 

TOWNSEND AND TOWNSEND AND CREW 
TWO EMBARCADERO CENTER 1mun1tlffllWDillllllU~ll~MDID~UfflHfflOlllll 
EIGHTH FLOOR 

-~gss10· 

SAN FRANCISCO, CA 94111 -3834 

oa1e Mailed: 03/23/2001 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATIO~ 
. a ~y 

FILED UNDER 37 CFR 1.53(b) 0 ~l(v,1,0A-A 
~ ,,,,r,_•v,44. ~J>~ 

Flltng Date Granted l Y l:'/t~~S 
(j 

An applicatlon number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from the date of this Notlce within which to file all 
required Items and pay any fees required below to avoid abandonment. Extensions of time may be obtained 
by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

• The statutory basic filing fee is missing. 
Applicant must submit$ 710 to complete the basic llling fee and/or ff/e a small entity statemerrt claiming 
such status (37 CFR 1.27). 

• Total additional claim fee(s) for this application is $384. 
• $144 for 8 total claims over 20. 
• $240 for 3 independent claims over 3 . 

• The oath or declaration ls unsigned. 
• To avoi<J abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) 

of $130 for a non-small entity, must be submitted with the missing items identified in this letter. 
• The balance due by applicant is $ 1224. 

The application is informal s ince it does not comply with the regulations for the reason(s) indicated below. 
Applicant Is given TWO MONTHS from the date of this Notice within which to correct the lnformalltles 
indicated below. 

The reciuired item(s) ide~fied below must be timely submitted to avoid abandonment: 

• Substitute drawings in compliance with 37 CFR 1.84 because: 

• drawing sheets do not have the appropriate margin(s) (see 37 CFR , .84(g)). Each 
sheet must lnelude a top margin or at least 2.5 cm. (1 Inch), a left side margin of at 
least i.5 crn. (1 ineh), a right slcle margin of at least 1.5 cm. ( 5/8 inch), and a 
bottom margin of at least 1.0 cm. (3/6 lncn): 

Received from< 9254728393 > at 4/9/02 5:12:19 PM !Eastern Da~lght Time) 
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04/09/2002 l:J: 05 FAX~72a. ___ ---1:QWN~_TOWNSEND CREW. -------· 

A copy of this notice M1JSI. be returne<l with Ifie reply. 

Customer ~rvicc Center 
Initial Pateot Examination Division (703) 308-1202 

PART 2 • COPY TO BE RETURNED WITH RESPONSE 

Cl 

Received hm < 9254728S93 > at 419J02 5:12:19 PM !Eastern Daylight Time) 
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04/09i2002 13:02 FAX 92547288-

o'~r:rc,~,, 
~ Atty Docket No. 20046H-OO0 100 

~ ~ (\ Serial No. 09n92,436 

703-746-4060 (OJ.PE) \ __ -lt_'L✓tfl PTOFAXNO.: 

ATTENTION: BOX DUPLICATE OIPE 

OFFICIAL COMMUNICATION 

FOR THE PERSONAL ATIENTION OF 

BOX DUPLICA..TE OIPE 

CERTIFICATION OF FACSlMILE TRANSMISSION 

l hereby certify that the following documents, in re Application of Patrick Pirim, Application No. 

09/792,436 filed 02/23/01, for METIIOD AND DEVICE FOR AUTOMATIC VISUAL 

PERCEPTION are being facsimile transmitted to the Patent and Trademark Office, Box Duplicate 

OJPE on the date shown below. 

Pocuments Attached 

1. Transmittal 

2. Fee Transmittal 

3. Petition to Extend Time 

4. Declaration 

5. Copy ofNotice to be returned (Notice to File Missing Parts) 

6. 31 Sheets of Substitute Driwings 

7. Request for Substitute Papers copy to be returned 

8. Copy of acknowledgement postcard 

N wnber of pages being transmitted, including this page: 41 

Dated: April 9, 2002 1~ erK. Hardin 

PLEASE CONFIRM RECEIPT OF THIS PAPER BY 
RETURN FACSIMILE AT (925-) 472-8895 

TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, 8th Floor 
San Francisco, CA 94111-3834 
Telephone: (415) 576-0200 I Fax: (415) 576-0300 

Received from< 9254728893 > at 419102 5:12:19 PM ~astern Da~ight TimeJ 
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04/09/2002 13:02 FAX 925472889- TOWNSEND & TOWN~CREW - ~002 
----------------· 

UNITED STATES PATENT AND TRADEMARK OfFIGE 
l/NITW ST~T&'S DEi' AIJ11ll~T 0}' COMMER Ci! 
Uohcd S1.0t.¢t t'aicnt and. Trt.de,merk Omce 
Alld>t•r. COWol!SS!CINl!R OP r .\Tl!'.NTS AND T!Wlt'lf.\ll!(S 

\Vo,hioJ'00, 1) (', rOZ>I 
111~.lla),lto,.r;vw 

[ Application Number II Filing Date II First Named Applicant II Atty. Docket No. I 

1 o9n92,436 11 0212312001 11 J>irim, Patrick 

20350 
TOWNSEND AND TOWNSEND AND CREW, LLP 
TWO EMBARCADERO CENrER 
EIGHTH FLOOR 

II 20046H-000100US I 

APR 1 fl 7r-.l'l1 ~ ~ 
SAN FRANCISCO CA 94111-3 834 

0' ~ EJc,,.,, 
O;, 'flJ, 

l'OWNsENr ~ , ,Q' 
A/!iJc. .... , ______ ... · ·-··- -~ •' 

Tide: Method and device for autom~tic visual per~~~tj~n_ 
~--~ ~ 

-- · -------· - . .. - . _._ -- -- -···- ----
Date Mailed:03/22/2002 

Request for Substitute Papers 

The papers filed on J)Jll.2/02 (certificate of mailing dated 10/22/01) are no longer in condition to 
become· part of the peimanent records of the United States Patent and Trademark Office (USPTO) for 
this application (37 CFR l.52(a)) due to the United States Postal Service sanitization process. 

The·USPTO requests that applicant provide a copy ofthe above-identified papers (except for any U.S. or 
foreign patent documents submitted with the above-identified papers) with a statement that such copy is · 
a complete and accurate copy of the above-identified papers (signing and returning a copy of this notice 
will provide such a statement). The reply to this letter should be submitted to the USPTO by facsimile 
at the number indicated 703-746-4060(0IPE). 

Alternatively, the reply to this letter may be hand-earned to the Customer Service Window located in 
Room 1B03 of Crystal Plaza Building 2, Arlington, Virginia.. 22202. 

The USPTO strongly prefers that the reply to this letter be submitted by facsimile. However, if 
applicant cannot submit the reply to this letter by facsimile (or hand-delivery), the reply may be mailed 

. _ to: Box D.uplicate OIPE, U.S. ~atent and Trademark Office, P.P . .Box 2327 .. Arlington, VA 222Q7-23?7. 

This letter is not a notice under 37 CFR 1.251. However, failure to timely replay to this notice within 
two (2) weeks of the date of receipt of this letter may result in the USPTO issuing a notice under 3 7 
CFR 1.251 . A copy of this notice should be included with the reply. 

The enclosed papers are a complete and accurate copy of the above-identified papers. 

Name: Garald T. Gray Registration No. : _4_1_,_79_7 __ _ 

Si~ature A,,,.4/z: ?'·Date: __llilli_10_2 __ 

Received from< 9254728893 > at 419/02 5:12:19 PM ~astern Oa~ight TimeJ 
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__ 0_41_0_9_1_20_0: 1_3_: 0:. F_AX_ 9~~472889 _____ . TOWN~END & ~O,l!Ng_ND CREW -
ial003 

t MISSING PARTS . 
TO n1E ll.S .. PATENI' AND TlVJ>EMAPJ<. OFP•-i . 
Please &tamp the date or receipt of the following dOCUU1cnt(s) and return chis card to US_ ~ 

--~e -~ 
RE: PATRICK PTRJM O \ "c.,~ 
TITLE OF DC>CUMBNT(S): Fee Transmittal (+copy), TIUSIJliual, Executed - , 
Declaration, Part 2. wpy to be retuzn~ Petition to Extend Tune(+ copy) ~ \\ \ 
31 :S Ii.re+:;• '!:wlJSl·t"lv+e. .1lr4"''".J.S ~ 

, ~ 

Application No.: __ ·~0~2:un!..i!9:£.2~.4~36~~---------- ~ ~. ~~.19-<r 
File No. ____ --fr.2.6l20,!;i4~6H~;:00=01~0~0 _________ .,...... ':t.A).IY' 

Date Due ______ l!;,!:O!,l,j(l~3![j{Qul""T"'."~-- ---------
Datc Mailed: ___ .....!.!lo~Jl..!2:.:2.=-'-/~o..:.t __________ _ 
Atty/Seccy .. ___ __:GT~G~twikh~------------
sP 1018~.-I 

f.X MISSING PARTS • , . 
'IHE U.S. PATENT AND TRADEMARK OFPICE 

ease &lalllp the date of receipt of the following docmnent(s) and re~ this card to us 

RE: PATRICKPIRIM 
1ITLB OF DOCUMENT(S): Fee Tnmsmitbll (+ copy), Transmittal, Executed 
Declaration. Put 2- copy to be ttll1rlled, Piiation to :Extend Ti.me(+ copy) 
,3/ ~4ee+~ • Sul,:s~,~.,re .br4w1,i_j.S 

Application No.: 
File No. 00 
Date Due ____ ~"'""i";.:.:;:..,...,._ ____ -1-____ _,'-'""_ 

Date Mailed: ---~~=...i...;;..::...----+-M-~~~..+-­
Atty/Se4:ty. 
SP 1018~ vl----""-"""""=-- -----\'il.llt-----lli'f-

APR O 2 2002 

Received ~om< 9254728893 > ai41g102 5:12:19 PM (Eastern oa~ight Timej 
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.04/08/2002 lJ:0J FAX 9254728. TOWNSEND & T~ CREW. -----· -- ---· --· ----- ·--· --- ~ 004 

PTO/SB/21 (08-00) 

Please \ype O plus sign(+) m$ide this box ~ (!) Ai,pnried for w11 lhw~ 1~112002. 0MB 0661~1 
U.S. Plltsll 111111 Traderna,1< ()ffiQJ; U.S. Def'Am'MENT OF COMMERC£ 

UndQtl'e~ Ra!udiollAdof 1995.l'10!)EW9'1U 818 n,qwred!O m&pOIICl 10e ~o!inlomle- t.nes2 l~pla)'S o YllfJCIO/&mnltOI ~-

r Appllcation Number o9n92,436 /\.Pl!-..........._~ 
TRAN SM ITT AL FIRrig Dale Februaiy 23. 200/ V ""C' ~,\ 

FORM Fln.t Named Inventor Pir1m, Patrick I I A 0. 
'11\\'0. ,._ 

(to II& used fr,r all comtspondrmce aRer /tlitial tiling) GroupMUnil 2122 ¼ 
IIJ" .. 

Examiner NamEi ~- _Ji) 
\!olal Number of Pages In This Submission I 3s Attomey Doc:ket Number 20046H-000100 ·"( l-o~n~"7 ~ 

ENCLOSURES (checl< aft lhal aoc1v1 

181 Fee-Tra,,smitl31 FOOft 0 Assignment Papers 0 AABr Allowance CanmunicaliOn 10 
(Tot 1111 Appl/Wllln) Group 

D Fee All:lched ~ Orawing(t) Subslltull! Ji pages 
0 Appe21 Cornmunlcalion 10 Boara of . 

Appeals and tntatferences 

D Amendment/ Response • Ucensing-1elated Pape.!'$ • .. -Co=-,., .. ~ 
0 Peli1iOI\ Routing SUp (PTOISB/69) 

(Appeal Notice, Btf.,, Rr,pty · (). ~ 

OMSTFinaJ end ACCOfflPanylng Petuan 0 Proprietary Information / l 

0 Affldavils/ctedl!ration(s) 
0 PeUHon ID Convert to a · 0 status Letter PrOvlslonal ,t,pplication 

181 Exblnslon of Time Request 
D PowerofAttomey, Rwoeation 181 Otller Endosure(s) 

Change of Correspondence Address (Pleue /denlily below): 

D cq;n'U$ Abandonment Request 
0 Terminal Olsdalmer Return PoS1card 

0 Reque:,t fOf Refund Executed Dedaralion 

0 lt\fornullon Dis<:IOWre StahlmMt Part 2· Copy to b8 relilmed 

Oco. NumberofCO(s) 

0 Certilied Copy of Priority 
Doc:u!11ent(s) R11marlls Deposit Account 20-1430. 

I The CommiSSioner 1$ authoozed to charge any additional fees to 

D Response 1D Missing Pa,,s/ 
I noomptete Applialioll 

181 Response ID Mls8lng 
Pans under 37 CFR 
1.52 Of 1.63 

stGNAnJRE OF APPLICANT ATTORNEY OR AGENT 
Firm TO\IIT\Send and Town:,end 81\d crew LLP 
and Gerald T. Gray Reg No. 41,197 lndlllkluat nam8 

Slgnalllre ~. -// /. A, __ ,.. 

Oale 10/22/01 ~ 

~ 
r,_ O,c. 

"'vJ..~ ,..,.,._~ 
di 

r CERT1F1CATE OF MAILING ..... 

I hereby a:r1ify 11'1111 lhi3 CICln'"PQndence 15 bvtng ci~lled with the u,mecs State:, Postal Servioe witn sufflclertt p.i:;t.igo aa !inst 
Class !NH In a11 envetopv add!'811,$ed IO: Assistant Coolrnl$Slon9' for Pate111S, Washington 1 C 20231 oo ltl\s dale" 

I 1~1)1 

Typed or pril\lod name Jennifer I(. Hardin 

'- Si911awre ~ 
; /~#-¢.,,..,. Dale 110/22101 , ~ . . 8~ I-bu Stalsmont Tiu lonn Is eslfflated lo take 0.2 lloura ra m~ie. Tl4'IO wlll wry dape,,G"'9 upon lhl needs fl/ Ille lndiwlual Cir.IQ. My 

oamments GI\ 1h11 a~l'II °' Gffl8 )OU an, ""!"Ired to eomi,u,18 Iii• lorn, sl'IOl,fd be aend 1D t,w: c;.let tnfonnalicn Officer, U.S. Parent and Tr8d11ma11t 
Ol'lce. ~ OC 20231. DO NOT Sl;ND FEES OR OOMP\.eTED FORM5 TO THI$ ADDRESS. SEND TO: Auklanl ~t lot 
Putenlli. Wwihl~n, OC 20231. 

\I 

Received ~om < 9254728893 > at 419102 5:12:19 PM [Eastern Da~ight TimeJ 
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04/09/ 2002 13:03 FA.I 9254728. TOWNSEND & TOWNSEND CREW. ------ - · ---·--·- - - -- -- , 

FEE TRANSMITTAL 
for FY 2001 

TOTAL AMOUNT OF PAYMENT 3226 

Ml!THOD Of P ... YIIENT 

1. 181 
The commlsalo,- la IWlhOll=d lo ~ 

~ - - crodit- tMIT p;,ymenlS IC: 

120-1430 

~ I T--,d-T.....--Ovwi.LP 

181 ~,,,., Addlllonal l'ot Reqwwd 
-,-sra:R1.1eard1.1r 

D ~d•ir11&-•!'lllly­
Sae S7 Q'1' ' .z, 

2. • f'...,,._ Eltdoffd: 

C Choat O CN!dl can! C MQMrf ,· 

,. BASIC FILING Pel! 
Wfl!O, Enllly fimall llilllilV 
Fee - ..... FM F011 DesctlpU4ft 
~ 4$1 Co.I• It) 
10, 710 Zll1 31,5 Ulili y11lr41feo 
10ti 320 .lll8 1&0 OGllln 1111ng tee 
107 •oo 11)1 24:i Planl111ng 1118 
Ulll 710 :ma 355 Rma>ellill!llee 
114 1!i0 :ts, . 7§ P,o,,lslonal ~ IBo 

SUDTOTM.(1) 

2. EXTRA CLAIM R.eS 
ll:Xll'II --

FHl'ald 

§ 
I LSR-40 

"" .-oaJms [J!:)41 .. " EJ X ~ = mk:J ......- EJ ~" •EJitE]~E] 
~ xc:=Jac::J ... 
La,ge ~ am.n e.-4ilY , .. .... Poe , .. 

, .. Des"'1pll0n Code m Codo ISi 
103 18 aos 11 aams 1n ... - 01 :211 
102 eo 202 40 lndol""'Cltf'll aa""' tn ....,. .. al 3 
11)6 %70 20• 13$ M~ Cle~ da!NI, llnotp,:,i~ 

109 80 21111 "° 
"' Rclsiue lnd<>pandenl otun. o,.,e, 
criQ)nat~ 

110 18 210 e ~Aet!llUlldama ln~ol20ara 
-O~P-

SUBTOTAL 121 

IIOIINU,.._ 08/TG2.4311 • 

Fili DalO FebMrY Z3, :ZOO 1 

!'qi Named lnwnl4f Pm,. P8111ck 

e.camlnor NDme 

Gn:iup AA Unit 2'122 

AllomOY Dod<BI NO. 2llCl4tl-M)()OtOOUS 

FEE CI\LCULATIOM con,i,,,,ed 

Lu;• l,,!lly 5-1 C,,ut, .... Foe - ,.. 
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DECLAlt.A1'ION AND POWER OF Al"fORNEY 

As a below nai:ned inventor, I declate that: 

My residence, post office address and ti~p arc as stated below next to my name; I believe I am the original, first and sole 
ii:lventor (if only one name is l~d below) or an original, first and jouit inventor (if pluilll mventon; arc named below) of the subject 
matter which is c:humed and for which a patent is sought on the il2vention entitled: METHOD AND~FOR AUfOMATIC VISU~ERC~P}'ION the specification of which __ is attached hereto or __ was filed on · as Application 
No. I' 5J!ll.~ and wa.umended on ______ (if applicable). 

I ba~e reviewed llll.d undeJStand the contents of the above identified specification, including the clllUJIS, as amended by any 
amendment referred to above. I acknowledge the d11.ty to disclose wfonuation which is material to pat=tabllity as <ii:fincd in Title 37, 
Code of Federal Regulations, Sectio11 1.56. I claim foreign priority benefits under Title 35, United States Code, Section 119 of any 
foreign application(s) for patent or inventor' a ccnlflcate listed below and have also idcotified below any foreign application for pat..nt 

C4r inventor's a:rtificatc having a ~e dam before that of the application on which priority is claimed. 

Aonlication(s) ~~orFo~eiP­

J) 
rJ 

Priority Claimed Under 
Countrv Anolication No. Date of Fili.nit JS USC 119 

France 0002355 02/24/00 

l!J . t\ hereby claim the benefit under Title 3S, United Sta~ Code § 119(c) of any United Scate.s provisional applicatlon(s) listed below; 

~; I A,."""°•~ I F~ o,w I 
DJ 
r.1 claim lhe benefit under Title 35, United States Olde, Section 120 of any United States application(s) listed below and, insoCar as the 
(,S,abjeet JDatter of each of Che claims of this application is not disclosed in die prior United States application in the manner provided by 
f!Jhc fust paragraphofTiti" 35, United States Code, Section 112, I acknowledge the duty to disclose ma.terial information u defined in 

Tide 37, Code of Federal Regulations, Section 1.S6 which occurred between the filing date of the prior application and the national or 
PCT international filing date of this application: . , 

Application No. Date of Filing Status 

POWER. OF ATIORNEY: As a named invent0r, I hr:n:by appoint the following attomey(s) and/or agcnt(s) to prosecute ~ 
application and transllCt all bus1nl!!:& in the Patent and Trademark Office conncc!ed therewith. 

Gerald T. Grlly. Reg, No. 41,797 
Babak S. Sani, Reg. No. 37,495 

Send Correspondence to: 
Gerald T, Gray 
TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Ceoter, 8°' Floor-
San Francisco Canrornia 94111-3834 

Received from< ~54728893 > at 4/9102 5:12: 19 PM ~astern Daylight Time I 

Direct Telephone Calls to: 
(N;mc, R.cs, No .. Tr:lcphane No.) 
Name: Gerald T . Or.11.y 
Reg. No.: 41,797 
Telephone: 925-472-5000 
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TOWNSEND & TOWNSEND CREW. 1@008 

Attomey Docket No.: 20046H-000100US 

l'llllN.amo of LulNIIIIIIT. First Nama: MWcllo Nams or lnititl: 
~rnrl: PllUM PATRICK 
R.esidcncc & City. SbllcJFotcign Qiw\try: Oiunoy a( CitiUll.!tlip: 

Citittnshi11: 75013Parb France li'ran ce 

PooOffice PO$t Oflice Addn,n: City: State/Country: I Pau~lc:ode: 
Address: 56 RuePatay 75013 Paris France 

I further declare ma~ all statements made herein of my own mowledge are txue and that all Jtatemeats made oo infbrmation and belief 
an: believed to be true; and f\11:ther that these statements were made wi1h the knowledge that willful false stateJdelltS and the like so 
made are pun.i.shable by fine or imprisonment, or bolh, undef Section 100 l of Title 18 of the United SlatCS Code, and that such willful 
false statements may jeopardize the validity of the applic:ation or any patent wuins lheteo0-

"" ~~ 

~~ 1183008 V'I 
l.H 
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