1 A METHOD AND SYSTEM FOR LOCALI ZI NG HUVAN | RIS AND DETERM NI NG
HUMAN GAZE DI RECTI ON FOR STATI STI CAL  APPLI CATIONS Field of the

I nvention [0001] The present invention generally relates to

determ ning gaze direction of indivi ddal's. In particul ar, the
invention relates to a nmethod and systemfor |ocalizing human iris
and determ ni ng human gaze direction of individuals froma digital

i mage. BackArMIFIAHOID tAND SWESTEM HORI2DCARIEINE GaHISVADF TRIISAND

i mges to determ ne directional gaze of individuals have been a
recent develJpFERMININGe PIUMA@GA%E@DIB:EGH@N]EOR@D@IISBI@AJL

t he applications may be used duri&%an exhibition, a semnar or in a
shoppi ng conmpl ex. The intention APRIJEATEINPe whet her a particul ar
exhibit or advertisenment is attractive and attention grabbing. The
determ ning of directional gaze can further be used to assess the
response of an audience to a speaker or_lecturer or even to a

sal esman presenting a sal es pit dicldbdnvestidr appl i cati ons may

i nclude the rapj thering .of statistigal Jinpformtion. on hunman .
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retention peri®dlifieg heasd iex id déterndinitlg tHighanSRLE idiretidnl @MnARERINEM a
visitors. Statistics on the attractiveness of each exhibit may
further be gadigirlethagsi ng directional gaze deternmination. This is

achi eved through the tracking of human head, iris, and the view ng
directions in real tine. 2

Background of the Invention

[0002] Image analysis of digital images to determine directional gaze of individuals

have been a recent development in the field of image processing.

[0003] Some of the applications may be used during an exhibition, a seminar
or in a shopping complex. The intention is to determine whether a particular
exhibit or advertisement is attractive and attention grabbing. The determining of
directional gaze can further be used to assess the response of an audience to a

speaker or lecturer or even to a salesman presenting a sales pitch.

[0004] Other applications may'linclude the rapid gathering of statistical information
on human directional head count in real time. For example, in big scale exhibitions,
directional gaze determination miay be used to determine how many visitors have
visited a particular exhibit, the gaze retention period for each exhibit, and the
specific flow pattern of visitors. Statistics on the attractiveness of each exhibit may
further be gathered using directional gaze determination. This is achieved through

the tracking of human head, iris, and the viewing directions in real time.



[ 0005] Traditionally, such tracking of head directions and gaze
directions were determ ned manually. Researchers or data collectors
woul d place a video canera behind a subject, possibly an exhibit and
record down the exhibit visitors at thé exhibition as t hey pass by,
stop or visit the particular exhibit. The researcher and data

col | ect ors wopdod5} Headitiepllgy stdie trackde® of dread adctiisndndogai akiectiolse svere
of the reactions of visitors on the tape. The researchers and data
col | ectors al determiped manpaliye nBeseanghers werdatd poliectons wosld plesgperiidagscenmera
whet her the visjtors djrectiaopal gaze wer directed at the exhibit

or not. [0006P!EALA icEh iRosUbk @ ekt #ad ApfPre ey the sbE: VIS @hdle

error. Present_,.techniques using diqgital. l,mage.capture.followed
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However, presgnf SALLYRMRolIEGHH ?e%ﬁfy HeCvi a1 ] OOk Yor BXREAGEY Bf the
and require high processing capabilfities and'tine to cal culate and

obtain the neegsseisyof Visisith b th&xpep| The dseaohas bad idepaddi¥ciont 486 inyeto
software al gorithms include normalized cross-correlation algorithm

and Circul ar Edergpt tdraseestaor noraltigor ¢xperierderwhethee theodsitarg direationalf gaze mere
[0008] It can thus be seen that there exists a need for a sinple and
robust way fodirgetedraiithe extabilosyait em for 1 ocal i zi ng human iris and
determ ni ng hunman gaze direction of individuals froma digital inmge
t hat can overcone the di sadvantages of the existing prior art.
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provi de a net stem for localizing niris a
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[ 0010] Accordinglg, inlgaegggpec%, Fhe presentyinventioh®provi es, a
nmet hod for be much more effective.

[0007] However, present software techniques are computationally expensive and
require high processing capabilities and time to calculate and obtain the necessary
results. Examplés of computationally intensive software algorithms include
normalized cross—correlaftion algorithm, and Circular Hough Transform algorithm for

the localization of iris.

[0008] It can thus be seen that there exists a need for a simple and robust way for a
method and system for localizing human iris and determining human gaze direction
of individuals from a digital image that can overcome the disadvantages of the

existing prior art.

Summary of the Invention

[0009] The present invention seeks to provide a method and system for localizing

human iris and determining human gaze direction of individual in a digital image.



detecting and determ ning gaze direction of individuals froma

digital image conprising the steps: detecting and | ocating possible

i mge of human head fromthe digital imge; detecting and | ocating

i mge of eyebrows and i nage of eye on det ect ed i mge of human head;

determ ni ng boundary chain code of external boundary of sclera of

the i mage of eye; conparing the boundary chain code with eye boundary

chai n code database; detecting iris of the imge of eye; and

det erm ni ng ej@1§hZccoringyt inomeoispedie thenprgeens finesnsion[ovides, |anmethod for
i.nvention, prqvides

anot her aspect, the present ) ., a.method for _ . .
detecting andeeing ﬁP&i Sﬁerﬁlé‘%g dF47e cdifesHoR f of; M?Wg‘gﬂlx%\lféomr%rﬁ@tal Image
digital image 4 Sl e eps; ;detectin nd_| ocatin 0ss4 bl
"mage of  humasonBag"R ReedesiRE Rpa FERBE btGuRUbwen 57 bttt B ol e
i mage of eyebimis) Aifde] JRIBNG hnEBEatB 8L LG SErb BRI Mage BPgﬁbﬁ&@tgﬁeed

det erni ni ng boundary chain code of external boundary of ~scléera of t

i mage of eye; imadecoll Mirhaighdédds dbtethhibingr u@@argf cHaliecdieustattymahbouhdesdef
to produce a first difference boundary chain code; conparing the
first differensderapduheamsgeatiayn; canseingithdhbaysatyochadtacydechish vye bdendary
dat abase; detecting_ iris of the imge of eye; and determ ning eye
gaze directi ofhyR cpiedatakase dstectpe iy ob the image wéeyan i deteraipas €y e tggee
present inventi on. rg i des, afmet hod for detecting and determ ning
gaze directi on oo odiRe HEEF O ¥%m a digital image conprising the
steps: detecting and | ocating possible image of human head fromthe
digital inmage; detecting and |ocating i mage of eyebrows and i nage of

eye on det ect gsh11] TR@BotBEr MpaB) the pebisetten@Etion Rvides Ne aleyhIfdr koS
of external boundary of sclera of the inmage of eye; calculating

first differennedetmihmghpuedarstionhali imdoddialst frompr digiteleinaagé icosiprising the
di fference boundargﬁtchai n code; calculating normalized first

di ff er ence bostsa&r Jetedtiag mng desating pessible irmage of hymen deed embibe rtigitay image;

chai n code; onparing the narmalized first di.fference boundary .chain
c Odle with ey e%stggtﬁwaqrgl locatmgolmage ofz eyebrows and image ofr| eye on detected image of

human head; determining boundary chain code of external boundary of sclera of the
image of eye; caldulating first difference of the boundary chain code to produce a
first difference boundary chain code; comparing the first difference boundary chain
code with eye boundary chain code database; detecting iris of the image of eye; and

determining eye gaze direction of the image of eye.

[0012] In yet another aspect, the present invention provides, a method for
detecting and determining gaze direction of individuals from a digital image
comprising the steps: detecting and locating possible image of human head from the
digital image; detecting and locat'ing image of eyebrows and image of eye on detected
image of human head; determining boundary chain code of external boundary of
sclera of the image of eye; calculating first difference of the boundary chain code to
produce a first difference boundary chain code; calculating normalized first
difference boundary chain code from the first difference boundary chain code;

comparing the normalized first difference boundary chain code with eye boundary



4 chain code database; detecting iris of the imge of eye; and

determ ning eye gaze direction of the inmage of eye. [0013] In a
further aspect, the present invention pyovides, an inmage processing
system for determ ning gaze direction of individuals froma digital

i mge conprising: a head detector for detecting a possible inmge of

a human head fchamcbbe dathlyistadetedtinpges ofl thee anhgb adnyar ynpdecesismg dyorgaze
determ ning a boundarty chain code of the possible imge of the human
head; an eye déeeiangf thoimagegeyd ng i mage of eye of detected i mage

of the human head by performng line cutting techni ques producing

eye line cutting data; an eye boundary processor for determning a
boundary chai 0 . . t.he. .
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plurality of eayleabalerdairyfot dajeatirpoal@sssibla images ofl @timataarhchd rirdetibe tdigigl
image of iris of the detected image of eye by performng line

cutting techniigeges agcad bobrndpry ipreesssarnler deterhinipgdabayndany ichaig code of the

direction database for stori a plurality of iris directiaon data;
and an iris dipPﬁséﬁFdWa%fe? Friq‘r%glaBrheP@iralhéYeefi?FFﬁPhéort fraeing dmags @é:FYeoﬁf
of the image N y aring results from.co rision of the .
"tis 1 ne ot risgebier?o TR AR Rl C8 b Bl HC RRRE MeRliafits frducing
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direction of icodt v ehterhsl Houadarg ofisgietaddf thoRgR cRATRESSHTNGe; aR e€BSundary
detector for detecting a possible inmge of a human head fromthe

di gital i nmagehain chéadatbasadar ytopng ceplscality af cyettmuniary ndham Gwlasidar yye
chain code of the possible imge of the human head; an eye detector
for detectingbPrRifey shaigygaden¢omppsater {asFompages B havadayrndRinhesly afysclera

performng [i r\}vei\thctﬂg tpiur}%n%/%‘%@% gl%?da%; (c):ga{‘llr(lz Icg(ges; an iris detector for detecting image

of iris of the detected image of eye by performing line cutting techniques producing
iris line cutting data; an iris direction database for storing a plurality of iris direction
data; and an iris direction determinator for determining the gaze direction of the
image of iris by comparing results from comparision of the iris line cutting data

from the iris detector and the iris line cutting database.

[0014] In yet a further aspect, the present invention provides, an image processing
system for determining gaze direction of individuals from a digital image comprising:
a head detector for detecting a possible image of a human head from the digital
image; a head boundary processor for determining a boundary chain code of the
possible image of the human head; an eye detector for detecting image of eye of
detected image of the human head by performing line cutting techniques producing
eye line cutting data; an eye boundary processor for determining a boundary chain
code of external boundary of sclera of the detected image of eye; a first difference

processor for calculating a first difference boundary chain code from the boundary



eye line cutting data; an eye boundary processor for determning a
boundary chain code of external boundary of sclera of the detected
image of eye; a first difference processor for calculating a first

di fference boundary chain code fromthe boundary 5 chain code of
external boundary of sclera of the detected i nage of eye; an eye
boundary chai rcheindeddalf axtesml foorndarprafrsglesa pf threaléteyted fimegee ob euerdan wye
chain codes; _an eye boundary chain code conparator for conparing the
first differehoBngdy shaipycode Hapbase derestofinga phsalyly tizAyethpuadargywhain codes;
boundary chain_codes; an iris detector f detecti.ng.i of Lris

of the det ect Al & RERUBHY AN SRe SERPRIATAGY ORETIOR £h 5! IR Eage hauadary
producing iri | i : L L ecty a f
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by conparing results fromconparision of the iris |ine cutting data
fromthe iris tedhheptoprodncing les lind sutting datayibu ity didedtiah adaeaba$eO ik Soring a
yet anot her aspect, the present invention provides, an inage o
processing sydurakiyfodirisiditestinn dptagengandrisidirectionaletesminateti for detamainingghe

a digital imge c risipg: . a head detector for detecting a.posgsibl.e

i mage of a huRa7e HEwHOR Pgﬁl.et‘%geo‘?fgrlf gﬁ/ Comaﬂgg;re%ﬂtﬁgw s%taﬁ%rsﬂ@l of the iris

processor for 01N i . of ssi bl e
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of detected image of the human head by performng line cutting

techni ques producing eye line cutting data; an eye boundary

processor for [espiniyei agothertnpedathy prbsenn inveaden ploviiet e ithagh Prbudading

of sclera of the detected inmage of eye; a first difference processor

for cal cul at i sgstemfordsternirfib@gam daetpnredandividials fromaedtgital omagehemprising:

boundary chai ghcgde of external boundary of sclera of the detected .

i mge of eye; 2R AFHCIOF QT detertite fiPPFRRlE iBesHPbadwEp hegd from the digital

cal cul ating a.normali z first differenc oundar chain cade fro

the first diflarsnade %3’8&%4@ é“ﬁ%‘ieﬁsoéoféé;%‘e HugiPe %BBW&%W Cﬁ joRde of the
possible image of the human head; an eye detector for detecting image of eye of
detected image of the human head by performing line cutting techniques producing
eye line cutting data; an eye boundary processor for determining a boundary chain
code of external boundary of sclera of the detected image of eye; a first difference
processor for calculating a first difference boundary chain code from the boundary
chain code of external boundary of sclera of the detected image of eye; a normalized
first difference processor for calculating a normalized first difference boundary
chain code from the first difference boundary chain code; an eye boundary chain
code database for storing a plurality of eye boundary chain codes; an eye boundary
chain code comparator for comparing the normalized first difference boundary chain
code with the plurality of eye boundary chain codes; an iris detector for detecting
image of iris of the detected image of eye by performing line cutting techniques

producing iris line cutting data; an iris direction database for storing a plurality of

iris direction data; and an iris direction determinator for determining the gaze



code dat abase for storing a plurality of eye boundary chain codes; an
eye boundary chain code conparator for conparing the normalized
first difference boundary chain code vgth the plurality of eye
boundary chain codes; an iris detector Tor detecting inage of iris

of the detected i mage of eye by performng line cutting techniques
produci ng i ri slieétive afthe imege déiris; byacomparing desudts tiraom compairaseof the iris line
storing a plurality of iris direction data; and an iris direction

det er m nat or CB{ingda@fram thegris Hetegfay andgthe inisdine qyHingrdafabess. mage of

iris by conparing results fromconparision of the iris line cutting
data fromthe iris detector and the iris line cutting database. Brief
Description of the Drawi ngs [0016] A preferred enbodi nent of the
present invention will now be nore fully described, with reference
to the drawi ngs of which: [ GHefIDdstsptionl dfitshrR4igss a el ements of a
system for determning gaze direction of individuals froma digital
image; [0018] FIG 2 illustrates a block diagramof an inage

processi ng sy$s0as) 0 preféleidesmibdtimentaFZ@e PréRat iBRnBn Willindwdbansoré TN
a digital image in accordance with the present invention; [0019]

FI G 3 il | ust r dtesibéd,ovitlcteéareénck oo the dretingdof whichhe systemin Fl G 2;
[0020] FIG 4 illustrates the step of detecting and | ocating image of
human head of FIG 3; [0021] FIG 5 illustrates the step of

confirm ng detec of hu nhea of FIG _3; [0022] FIG .
Tl ustrates t 12% %ﬁbga Habises § R Flob S5 55 delspisieatss difestion ol

det ect ed imag P%@mpﬂ?f G 3; [0023] FIG 7 illustrates the
step of detec ng iriIs o 1 G 3;

[0018] FIG.2 illustrates a block diagram of an image processing system for
determining gaze direction of individuals from a digital image in accordance with the

present invention;
[0019] FIG.3 illustrates flow chart for a method for the system in FIG.2;

[0020] FIG. 4 illustrates the step of detecting and locating image of human head of
FIG. 3;

[0021] FIG. 5 illustrates the step of confirming detected image of human head of
FIG. 3;

[0022] FIG. 6 illustrates the step of detecting and locating eye brows and eyes on
detected image of human head of FIG. 3;

[0023] FIG. 7 illustrates the step of detecting iris of eye of FIG. 3;



7 [0024] FIG 8A and FIG 8B illustrates exanples of FIG 4 and FI G
5; and [0025] FIG 9 illustrates an exanples of FIG 7. Detailed
description of the Draw ngs [0026] A ma}hod and system for

determ ning gaze direction with a preferred enbodinment is described.
In the follow ng description, details are provided to describe the
preferred and [0d2d] HEGeBAand FéGbRilimstrates exangiled ¢f HE. dppd Fé@t S;tandone
skilled in the art, however that the invention nmay be practiced

wi t hout such details. Sonme of the details, exanples of which are

boundary chai nd.line cuttin te i gues may not be descri bed
at length so Egﬁ%g§q¢098h§gﬁﬁﬁa?ﬁﬁm%ﬂﬁﬁﬂﬁﬂg%a'[0027] A gaze direction
determ ning systemin accordance with the present invention uses a
boundary tracing process to determ ne external boundary features of

an image of a human head angethi®l R¥érgfidalofBRUDENIYgS eat ures of inages
of the eyes. Referring to FIG 8B and FIG 9, a boundary chain code

50a, b derived from the inmage of a human head 19a,b and i mage of an
eye 21 are used to determine a representation of the outline of the

i mge of the IRAEh ‘hargthadang systamt Her deferminimg gdzet dieectipmgwitbfa tpreferred
sclera 22 of th ve 21. .10Q028 el ectiyve line-cuttin rocesses . are
ot formed Lo FOPORERNT 5 dtSNael TBURE 1 TPvin Ereriiong de R are pravidhd.to
i mge of the : b i e . ...The
boundary chai ﬁg%gg%%%e#%gr@ggge éﬁ%n%tg‘;e%ﬁ)ggij %ng fIr?érﬁﬁlf%% apparent to one
line-cutting spilieg &S arehSwSRIRAL B iMldnBiof a5t WadREaRARRSt bR details.

possi bl e matches and determ nation of gaze direction of the inmage o

t he human headotBafhhe déteily, @xbihples of miiitls wehbongaz echdin’ esdel 44 line cutting
determ ning systemnmay easily be incorporated into a statistical
gat heri ng systeshniques manhot bendesenibedkit eggfhumopssiesto @scure the invention.

[0027] A gaze direction determining system in accordance with the present
invention uses a boundary tracing process to determine external boundary features
of an image of a human head and the external boundary features of images of the
eyes. Referring to FIG. 8B and FIG. 9, a boundary chain code 50a,b derived from
the image of a human head 19a,b and image of an eye 21 are used to determine a
representation of the outline of the image of the human head 19a,b and the outline

of the image of the sclera 22 of the eye 21.

[0028] Selective line-cutting processes are performed to further locate and identify
internal features of the image of the human head 19a,b and the image of the eye 21.
The boundary chain code 50a3b derived and the results from the line-cutting
processes are compared with existing databases for possible matches and
determination of gaze direction of the image of the human head 19a,b. The results
from such a gaze direction determining system may easily be incorporated into a

statistical gathering system for real time tracking purposes.



[ 0029] Such a system enpl oys external boundary tracing using chain
codes and line cutting processes which are readily perforned on a
conputer, the present invention can adyantageously be perfornmed by
an ordi nary desktop personal computer. [0030] Referring to FIG 1, a
typical system 100 in accordance with the present invention _
conprises a vil8029h Srbrepsté0S el saevrtdmed peuploc seaingsisy shasmrcades and hige
vision system 105 includes canmera 115, which provides a video signal
representing CHES IR HFHUEFerdl f/rpérfem%p 3 qempuiery fthespregent drwentlon

The vi deo si gnal (S frame bber

when' ¢ 1 gger odeh T b b B orat R otk BB Fefranidofihufel
stores the pixel data of the captured inmage, and nakes the stor ed

pi xel data available to the image processing system 110. The canera

115 conpri ses [0030p TFErEAS it/ BIGC {M BRI SysteRded M abRkdaade WhOBX present
canera manufactured by JAI Corporation of Denmark. The inmage frane

grabber 120 conmntlsesomprme@-aA&MNCsysgaminmdmlﬁn@mprcguesdntgasystear d10. The
manuf actured by Coreco | maging Inc. of Canada. [0031] The inmage

processing systEpn IEtere dppiticlidss gargeé W apW@lshrwm\e@esmﬁﬁpt glgn%lmrmleng
h de .t he d to
o conpr i se. dPBREP G YN SPOBCRL ol fﬁ%aﬁs&éa TR S Rhis ROTHE o
f th
Inc. of the ‘dﬂ'ﬁggef?&ﬂ gfabBrl%’jv ‘f(r{?op A 8{ Hr&iuﬁ%k dga‘?{‘édléffﬁakne of the

m croprocessor

control |l er 13Qidddaigral sfd?é'ﬁh@ ixePdAE 685 captifbdCiakeE Ahd tn’f&e@ﬂ@s%ﬂe@ Ii)lxel
of the imge frane grabber 12 In addition, the controller 13

coupl ed to rankdonvaidds ﬂlen[mage @Bessma@s&m y 1 Ore rfftey caldda ld)ﬁleoﬁiprlses a
nore hard disk drives 145, and user interface 150. The operation of
the desktop @ovgIeasse stan demsih MagebmankiCV-oM10BX; prmese manufagtupdd by JAI

not be further, el abqgrat her except where uch detail s assjst in
the descripti &rPTBeratigR 0?)%@ T R} eomprigss iy ¥-AS YNC

vent fon comPPeede Pk b?%?%éf@gran %ﬁi SR e“rrrrsegﬁr Rt

[0031] The image processing system 110 comprises a desktop computer running
software programs that provide the desired functionality. The desktop computer
can comprise a Pentium IV microprocessor powered machine, where Intel Inc. of
the United States of America manufactures the Pentium IV microprocessor.
Typically, the desktop computer includes a controller 130 that is coupled to access
and control the operation of the image frame grabber 120. In addition, the controller
130 is coupled to random access memory 135, read-only-memory 140, one or more
hard disk drives 145, and user interface 150. The operation of the desktop
computer is known to one skilled in the art, and will not be further elaborated here,

except where such details assist in the description of the present invention.

[0032] Referring to FIG. 2, an image processing system 200 in accordance with the
present invention comprises a head detector 210 which receives an input of a

digitally captured colour image 205. The head detector 210 is adapted for detecting



digitally captured col our i mage 205. The head detector 210 is adapted
for detecting i mges of human head 19a, b that may be found in the
digitally captured colour image 205. e head detector 210 is
coupled to a head boundary processor 2 whi ch perfornms a boundary
traci ng process on detected i mages of human heads 19a, b and

provi des a boumages pf hhaian headid 9% (athah mhayr be Heurdleineihie edigitaliygeapbifredh wodenr
heads 19a, b. The head boundary processor 215 is further coupled to

a head boundafgecifai nlheokrad distesion 2d 043 zoypled do daberdihayrdamn eprpessgor 215

ohain Godb datnauesroTm dbePkiant BRREE Bees S8 ttsoliampses QSR dhiss1o=
50a, b and the aﬂh@E@Jiﬁés?a%ngﬁg!&ﬁﬁmégg@g%% b § defd g %g%:gofgg{rjnag heads

conparing with t oun in co rom-t ndary

processor 2139a THheTh¢ téal bduwndely foterdar ¥ SCiséfhﬂhﬁO&ﬁ}Ple'aOt@, a besd B6@Mlary

in the database 217 conprises a plurality of possible chain codes
from vari ous pbasichdedadtatages] ToWherv data drosn theddtad bhapedary [pf84dor 215 may be
Referring to FIG 8B, an exanple of a boundary chain code 50a for the
i mge of the KOMB#Ccead 19b is GHBCDEF. Each letter in the boundary
chain code 50a represents a section of a boundary representation of
the image of the human head 19b. Chain code representation 45 all ows

n . . code 1 epr es
count of o1 ackigt2sl g Lo RARLER kel Blae HebBhac L EMO AR Bt bousdary

represent ati oghdift RJIEAKHA, Ch!lagd tHé r;ﬂ&x%ii?ﬂpf%ﬁﬁ&% @%ATRb&sC 80k, DS SEehr
in FIG 9, where an inmage of an eye 21 is shown where the boundary
chai n code 50bompfringweits dledvomn@ay ahaihhvede §ea, blfrom thiChEad b&idady prideessor
head boundary grocessor 215 of the imge processing system 200 is

further coupl @5t olhgnplegadisy @éthevndary Zhainvdedeh 505 adtopeckdn ttlee detabase 217

i mages of eyebrows and eyes 21 of .detected |j es of, human _heads
19a? b and toya%‘pB’fl?ﬁsn% plur)e(l?ty ofl possﬂﬂe c?lam codeg%gom various possible images of

various head shapes.

[0034] Referring to FIG. 8B, an example of a boundary chain code 50a for the
image of the human head 19b is GHBCDEF. Each letter in the boundary chain code
50a represents a section of a boundary representation of the image of the human
head 19b. Chain code representation 45 allows the representation of boundaries
over eight directions from D counter clockwise to C, where each letter represents a
boundary representation in a particular direction. Another example can be seen in
FIG. 9, where an image of an eye 21 is shown where the boundary chain code 50b

of the sclera 22 of the eye 21 is HCEF.

[0035] The head boundary processor 215 of the image processing system 200 is
further coupled to an eyes detector 220 which is adapted to detect images of
eyebrows and eyes 21 of detected images of human heads 19a,b and to determine

whether the eyes are open or shut.



whet her the eyes are open or shut. 10 [0036] The eye detector 220
perforns a line cutting process on the detected i nages of human

heads to determ ne the absence or pres?ﬁce, and if present, whether
open or shut conditions of the i mages of the eyes 21. The eye
detector does this by conparing line cutting data produced fromthe
eye det ect or 20036l epe defiecter A2 thpetforins adineweuttinggrogess pui¢hd detscted omagds
in the eye det%gtor 220. [0037]. The line cutting process involves a
line of pixel §T8HMaKBEeadsiRdaeingtheabssnpear PiersIsagHd L REqseHly Whiether open

If any of the pixels i.n.the.l.ine encounter a drastic chan i .
contrast or i r?Pégﬁlto?o,ndglmF Oh dhec fipages QP%EXG& d ‘% eﬁ’ﬁ\f%t%g%u‘fqﬁédhlsm
exanpl e woul d i: at 1 I | 41

where the I ns el MREEHILMPoR BRI, o kB e B8 ot B TH e
eyes boundarHﬂé@ﬁt@iﬁ?%str%@ﬁor&%ﬁ(fr@d ibthe ebodAB@by210. aci ng process on
the images of the sclera 22 of the detected image of the eye 21 and
provides a boundary chain code 50a, b for each of the detected

i mages of the sclera. [0039] The eye boundary processor 225 is al so

coupl ed to a 19932t Thefipe petfipg prosessdeepdvss almg ofpixels ondheygmgeesbeing s¢aared
i t of b dar hai d 0a, b f i first .
Gt f e ence calBENE PO rottlc S Gh pigis A drblisc sOutat grastin hagee in
de. The fi j Ay i t t
coge etrir glg%tfle[es{ I)leiﬁ%gfbﬁ,az{}iqgf%g:ﬂg ]Yls ?ﬂgsﬁ(ﬁréﬁggeha&@ to%&fi‘red.o Ar@ %ﬁaén%l? \&{%16(1

di fferent pos orien I mage o e scelra

eye 21. The f ik alindichitias 8ng Qerticall IFKIIBWRQR PLBroWSViAE N Alnk bt LA Habd 6f
orientations and rotations of the eye 21 t0o be conpared easily wTh

a standard or ittenimape ofian §y@64. The first difference processor takes
an input of a boundary chain code and reduces it to the nost basic
formof representation that may be represented by the chain code

representation. Referring to FIG 8b, t eight letfters Dto C are
P [0038] tl‘%e eyes9 boundary processor 955 performs a boundary tracing process on

the images of the sclera 22 of the detected image of the eye 21 and provides a

boundary chain code 50a, b for each of the detected images of the sclera.

[0039] The eye boundary processor 225 is also coupled to a first difference
processor 230 which is adapted to take an input of a boundary chain code 50a, b
and performing a first difference calculation produces a first difference boundary
chain code. The first difference boundary chain code caters to the different possible
orientations of the image of the scelra 22 of the eye 21. The first difference
calculation allows the various possible orientations and rotations of the eye 21 to be

compared easily with a standard orientation.

[0040] The first difference processor takes an input of a boundary chain code and
reduces it to the most basic form of representation that may be represented by the
chain code representation. Referring to FIG. 8b, the eight letters D to C are
assigned a number where A is 1, Bis2,Cis3,Dis4,Eis 5, Fis 6, G is 7 and

running counterclockwise until H is assigned to 8.



assigned a nunber where Ais 1, Bis 2, Cis 3, Dis 4, Eis 5 Fis
6, Gis 7 and running counterclockw se until His assigned to 8. 11
[ 0041] Using an exanple of a boundary 1ﬁliiuai n code of ACF, starting
with the last letter F, obtain the difference between F and A F is
three letters fromA, thus the difference is 3. Difference between A
and Cis 2, while the difference between Can F is 3. The nunbers 3,
2 and 3 are then matched with the |letters assigned to them thereb

produci ng t he [F941%Using aepxampde pby herandary gaain cedsael £8E, stﬁeém[erwithghq st

FIG 9, th i n..code 50b of _the j f 2

The eye 21 1 s IREGHE otaly it Pt BRav<in Fradil o Ok dffes 1 9Hr FofL A iy the

fromthe |ast dliﬁérE e dg 9 g8 re?Lt:e Ba%e%r?{ﬂl%ﬁ‘@"ﬁ At %ﬁ%ﬁl%rcﬁffer betwef_len.C an
ed tot e y ¢

difference is matc e assl gne tersd e boundar ain

code representRisi30 M auaibdrst ) Ha5r £ BRAGhABhdd With B {di@FeSiBned to them,
boundary chain code is BCBA. [0042] The first difference processor

230 out put s t hieeréby mbdakihd thedsteliffaancadiopndahahaincodeCBL. t Refetritigge RIG.
the sclera of the eye to an eye boundary chain code cggtgarat or 240.

The eye bound&s {hediesndary srin eotpibaaidhe Papge oh e splerd 37 ofstheeye 21 is HCEF.

conparison with an eye boupndary chai n code. dajfabase 245 to find a
mat ch or a cl atlﬂétthﬁ‘hjﬁ?fé@%] “*I'%@te‘fsi slating; e, bR Jlasthlede & sach g the

may further c i | §. s i.f ence ess 235,

The normal i ze HEs{ehltht %r@? SréE%n%@%?%éclgzé%?h%%éﬁ{esg}%g%%{ %ﬁemto?t%eeﬁ?%l}w
cal cul ati ons QRaihR8dd tepidsethiidred £ e tHAWRLMIFRARt §RERNES OB ciin
normal i zed first difference boundary chain code.” The nornalized first
boundary chaicodeB@CRBAl ows t he eye boundary chain code conpar at or
240 to nore easily find a match as the eye boundary chain code

dat abase 245 would be smaller. [0044] The first difference boundary

chai n code can further _be r}gr mal i zed to the .
[0042] The first difference processor 230 outputs the first difference boundary

chain code of the image of the sclera of the eye to an eye boundary chain code
comparator 240. The eye boundary chain code comparator 240 then performs a
comparison with an eye boundary chain code database 245 to find a match or a

closest match.

[0043] The first difference processor 230 may further éomprise a normalized first
difference processor 235. The normalized first difference processor 235 is adapted
to perform calculations on the first difference boundary chain code to obtain a
normalized first difference boundary chain code. The normalized first boundary
chain code allows the eye boundary chain code comparator 240 to more easily find

a match as the eye boundary chain code database 245 would be smaller.

[0044] The first difference boundary chain code can further be normalized to the
normalized first difference boundary chain code. The first difference chain code
from the earlier example is CBC or corresponding to the numbers assigned is 323.

The smallest integer in the corresponding numbers is 2. The entire set of numbers



normal i zed first difference boundary chain code. The first difference
chain code fromthe earlier exanple is CBC or corresponding to the
nunbers assigned is 323. The smal |l est Enteger in the correspondi ng
nunbers is 2. The entire set of nunber& 12 preceding 2 is then
rotated to the rear of the set of correspondi ng nunbers to obtain

t he nor mal i ze@rédeding 2dis temrretated th thawgar of thisitiof conespodiog nimmb@8 30 @btain

BCC. [0045] For exanpl e a boundary chain code of BAABAA, which
corresponds t dhe pormakized finsediffsiensd Poundanichain cgrle wichris &3beREST v

chain code is then represented by 112112. In this case, the snallest
integer is 1, which occurs four tines, and therefore resulting in 4

possi bl e choi r I [INHEQ : r e i

whi ch resul ts(itlﬁ)ﬁsi E:ré)rlegﬁhggllf r%g ue ﬁgé%%lﬁ§§%g?€§%%%gnérwnlg [ gg%ésﬁlarrl%st to
di fference boundarly tehdrimabfdeirst dff¥RhcbRindefy G¥angde iPihed répresdnted by
difference chain code represented by 217211, the |lowest integer 1
occurs three tlideE. Howbisecase, thet shallegt fiftegenusiie nshiph eceds fgut kiees, and
second last integer will result in 112172 which has the | owest val ue
and is thus tHeerefgrneasuliag 4 Bessiple chgiesscBr gotatinampnees fp thogear. The

0T, 1 R, S BT SR
di ff b j , ' -
dat abase 245 Parahe HakRef Ry colf? B9 bR RSN T SRS B0

can be much siBdd Rpraabeted *b?smtzilh,i #RSloWRSSInfEBBO ! Yocc@RARRe tIR4 THokRGer,
eye boundary chai n code database 245 stores a plurality of chain

codes and t heotpling thei diumtets pleeddingcihd sscarddadtanteganpidiriengt i 11217havhich
boundary chain code fromthe first difference processor 230. The

plurality of &huaile lootkst valuopead is thushibe noymaligsd st iffdverion bwdary chain

dat abase 245 %gggpri ses a plurality of possible chain codes

[0046] The normalized first difference boundary chain code requires more time and
processing power‘ to be calculated then the first difference boundary chain code.
However, the eye boundary chain code database 245 for the normalized first
difference boundary chain code can be much smaller and thus utilizes less memory

space.

[0047] The eye boundary chain code database 245 stores a plurality of chain codes
and the plurality of chain codes are for comparing with the boundary chain code
from the first difference processor 230. The plurality of chain codes stored in the
eye boundary chain code databa§e 245 comprises a plurality of possible chain codes

from various possible images of various sclera of an eye..

[0048] The eye boundary chain code comparator 240 is coupled to an iris detector
250 which is adapted to use line cutting processes to further determine the location

of the image of the iris relative to the image of the eye. The iris detector 250 is



from various possible inmages of various sclera of an eye.. [0048] The
eye boundary chain code conparator 240 is coupled to an iris detector
250 which is adapted to use |ine cutting processes to further
determ ne the |ocation of the inmge o# the iris relative to the
imge of the eye. The iris detector 250 is 13 coupled to an iris line
cutting dat ab&9epled® athirisHine shitiagalitabase 23nehich tcompgres ¢l linescutfing rasults
the iris detector 250 to that of data in the iris line cuttjn

dat abase 255 €M H§rfis dgiecior 23 <Pt hanob lateria the igs h{l@su@pgﬁ%a%m 35 to
detector 250 i | coupl ed.t.0 .an iris direction determ nator 260.
The iris direggg@%éggﬁg? OHQ{QFIE%O takes the line cutting results
fromthe iris detector 250 and conpares themw th data froman iris
di rection database 265 to determ ne the gaze direction of the image

of the iris. Touae] dhsdris dstettbs 25Mid 4160 colgl@Y 1 anirisodiredtion eteg@m@t@260.
the i mage of the humanoi d head of the captured digital imge. [0050]

Referring to AhG ir8 diredtidn Getedninatone2aetalosl t1B0UN¢ mutimgoresiatsc &row the iris
the present invention starts with the step of recei viqr;g 310 a

capt ured col of€§rigr 24P apdrag@parsy themrpathcdai fipmgan: Blsodiresfign wgiabpseadfeS to
205 t hen under,goes. t he detecting and,|l ocatin 315 of..possi bl e i mages
of “hurtan_ head oByPh i i JEeBER o e 0ToEo 0811 e ERRGlpoapeul T e
roceeds to t X1 iF i i i

b “human headarsiatpiah A REREs HadReg bt gk ikad AN Bigfy TS
215 to be det @aised i mages of human heads. [0052] Next, the inages of
the eyebrows and eyes on the detected i mages of hunan heads are

detected and | ocated 325 by the eyes detector 220. [0053] The net hod
300 then continues to the next step where the boundary chain code of

the external R9GAReferdre hAlGA ardkllsi $hethsymethgd 3P anrcerrdarggsvigly the

t he eye . . . .. o
y present invention starts with the step of receiving 310 a captured color digital image

205. The captured color digital image 205 then undergoes the detecting and locating

315 of possible images of human heads by the head detector 210.

[0051] The method 300 proceeds to the next step where the positions of the
possible images of human heads are then confirmed 320 by the head boundary

processor 215 to be detected images of human heads.

[0052] Next, the images of the eyebrows and eyes on the detected images of human

heads are detected and located 325 by the eyes detector 220.

[0053] The method 300 then co'ntinues to the next step where the boundary chain
code of the external boundary of the sclera of the eye is determined 335 by the eye
boundary processor 225. A first difference chain code is then calculated 340 using
the first difference processor 230. The sclera of the eye is the “white” portion of
the eyeball then forms the bulk of the eye. The first difference boundary chain code

of the sclera is then compared 345 with data in the eye boundary chain code



boundary processor 225. A first difference chain code is then

calcul ated 340 using the first difference processor 230. The sclera
of the eye is the "white" portion of he eyeball then fornms the bulk
of the eye. The first difference boundary chain code of the sclera
is then conpared 345 with data in the eye boundary chain code 14

dat abase 245. daabasei24§t Tk fifst difivrendedonuaidary clodiacodecaibevsdess dak tb bsstored

data to be stored in the eye boundar% chai n code dat abase 225.
the first diffRHEnE Wf&’&d?fé!tc bae2ad , I theefiesh difference H’édég% been

possi bl & vari A SREARE BRI AR SRS B F?@gd‘@*%ﬁseta#? wha Bty ag to
Further cal culogk} de@ﬁﬁ%a}a?ﬁﬁ&s dnﬁ%rriegf-atiigr?sr(ﬁggﬁgingagg %Fl gféyely@ hain code

by the nornall ze | rst erence processor o the

first difference processor 230 can further reduce the data that

needs to be stored in the eye boundary chain code database.
Consequent | y, [0054] $utther caleulatihg 2 @drrhalized fickt ff féareme dobndany @hyin cbdd by the
code that is conpared with the data in the eye boundary chai n code
dat abase 225. npramBpd fisyt| ditfFrarpoiipedssort 350 wa&é@dhe fing diffprenesnpropessor

usi ng 11 ne cupol i Breb edele werisis GE st o stied i PiecSachattsn
are conpared %cﬁehdeftmsé r ééqﬂ@nt tnt s %qgﬁ%ﬂgﬁf ﬁ?&Sdl& Gicet l?&ﬁlhg&r chain

with the iris rection ermn eiris |rec

dat abase 265; coddatSis eemgareﬂ%ﬁlrtﬁe aatagnﬂia%y@}s clf!ﬁr{ 8&del bR 5S
then performed. [0056] Referring to FIG 4 and Fl A, the step of

detecting 315 and |l ocating images of human heads on the digitally
captured color imge 205 starts with the step of dividing 410 the
digitally capla968d @M‘@ﬂglvﬁa@e thBnagas of dlepne@ettber detnetdd imagelsdrthotye is
sectors 35. An exa é& ajsho in FIG 8A where the digitally
captured col o ?te?tﬁ‘gg 29 el“éls 5taeeP] ing drequiEne RIeeesess Bhe rﬁNE&% from

E:glecﬁlolﬁlgtra‘ q Coﬁ%r L g%tg(gtcr)rg %‘35' ae %E)I%anr?ég Wﬁh SBIMA L Efl%e‘lc%l 1ngTHathase e255 and

together with the iris direction determinator 260 and the iris direction database 265;

the step of determining the eye gaze direction 355 is then performed.

[0056] Referring to FIG. 4 and FIG. 8A, the step of detecting 315 and locating
images of human heads on the digitally captured color image 205 starts with the
step of dividing 410 the digitally captured color image 205 into a predetermined
number of sectors 35. An example is shown in FIG. 8A where the digitally
captured colour image 205 is divided into sixteen sectors 35. Next, the color
histogram of each sector 35 is computed 415. Then the calculated color histograms
of each sector are compared 42(? with predetermined skin tone colors. Sectors 35
matching 425 skin tone colors are considered to contain a possible image of a head
and are thus marked 440 as a possible human head and the location is stored 445 for

further processing later in the head boundary processor 215.



of each sector are conpared 420 with predeterm ned skin tone col ors.
Sectors 35 matching 425 skin tone colors are considered to contain a
possi bl e inmage of a head and are thus garked 440 as a possi bl e human
head and the |ocation is stored 445 for1 further processing later in

t he head boundary processor 215. 15 [0057] If the col or histograns of
t he sectors 3900531 Abtthaarelnr 4Bgogiams pf ethet e¢qt9meds s”Rp nnotomeateln| 435 the
it could be that. none aof the imges of faces or heads, are rge
enough to occ@ﬁiﬂeaer@m?&sgmsteeq SO b Spulsh BF St jonegt th%a@ageﬁe% ?%%rsheéfls

the faces an [ oo .small.tp he detected, T ector.s are
then further drorgearo e Hedhe srbR e HET Riihse SrheC i aefbry te
37 and the coltles Rhe hOMH:3MR Qo (Ml toSHPSRELQ! STRY sddashs \ekAtRh If¥rther divided
conput ed 415 and conpared 420 with the predeterm ned skin tone

col ors agai n. 4[1068@8]a pledetdyniaéd hirab&asttsabsecRps 97 atd bise 6bl6F Histbgrdnd of Rke
digitally captured color inmage 205 match 425 the predeterm ned skin

t ones col ors, stbsecwesct 37 BBlivduallyubwegtuted 3415 samdardomapatetl) 4290 awith the
possi bl e human head. . The | ocation of the possible imge of a human
head is then g)qulﬁ@gnmé_sklpamolqrﬁag% col or histograns of all the
subsectors still do not match the predeterm ned skin tone colors,

the nmethod ends and no human head is detected 435. [0060]

Al ternativel y’r[()s(fsgg If@fl}h%@ AR Ye i LI b, g&l%gﬁgg W?ﬂ Ghi v id%?%f‘%gﬁﬁ%ﬁ Qb1or

the subsecto I nt'o a predeterm ne er of even

sectors and t hag¥edtmdnateli 436t gt pRdcRBABinkMeskidaERs OfolbRE Y BEoN &3 or
repeated, but with the even smaller sectors. It can be envi saged

that the sect oulse@br fals haked #4Wath papaible lamthndgad.n Thatlocatisnmalf ler p@sible
smal | er sectors for_ detecting 315 of the inmage of the human head.
[0061] Ref err imaga e aumandeaq jsdhent seredfi4Zonfirmi ng 320 the possible

i mge of the

[0059] If the color histograms of all the subsectors still do not match the

predetermined skin tone colors, the method ends and no human head is detected

435.

[0060] Alternatively, the method may further proceed and divide 410 each of the
subsectors 37 into a predetermined number of even smaller sectors and the method
of detecting 315 the image of the human head repeated, but with the even smaller
sectors. It can be envisaged that the sectors 35 may be divided again and again into

smaller and smaller sectors for detecting 315 of the image of the human head.

[0061] Referring to FIG. 5, the'step of confirming 320 the possible image of the
human head starts with segmenting 510 the marked 440 possible image of the
human head. Segmentation of a color image converts the digitally captured color
image 205 into a binary black and white image. This simplifies the other image

processing steps of obtaining the boundary chain code and the line cutting.



human head starts with segnmenting 510 the narked 440 possible inmage

of the human head. Segnentation of a color inmage converts the
digitally captured color image 205 inﬁg a binary black and white
image. This sinplifies the other imge "processing steps of obtaining
t he boundary chain code and the line cutting. 16 [0062] Next, the

det er mi ni ng 51@6@f Nedxe tlchddterndmidg 505 of the chxinerodalof Heuexdanyl tolinddre of the
possi bl e i mage of the human head using the human head boundary

processor 215possi)p igageref thh fuman headypuirgitheyhupreai head baendsing ﬁf@wﬁr r?gﬁw .
the h h d 215 | : d 520 with.t
boundary cha §OLOUBEdaTHE- B SR G098 BRFArgm dha e B Petary
the head b .

ooy coor SRk SEER3AInARR TR Bad S8R 08| Mol BRafiEE 7 1

head is confi ixEBouAAryt ChalfccIRIE L Hedd BRIy FroBeysBN 206 AchicHO QP 3 ast
Referring to FIG 6, the step of detecting and’locating 325 of the

eye brows andnejethe head trendayehhiadodadgsbt 287, ik possivda gt af tise Wirhdh
t he perfornin% 610 of line cutting on the detected inmage of the
human head t ohpadodgerfimied&30 i b¢ mdetekiedhimagTloéa hiiman beadt i ng i s
perfornmed by the eyes detector 220 and the data produced is wused for
determ ning 620 whether the eye is present. Next, the line cutting

mstruct i ons 7L SRARED P s Bl SR SHT BRElerlR AR il oy orome

i mage of an eygq byesRm8Bettec®Snide ¥, hagn% ﬁet%ﬁ sthe ©HE t¢ép§}ﬁgﬂ%r% 610.of

closed. If the eye is open, the |locatio e 1 mge o

stored 635. [ 0A68jtiRebarthé Aerettod hige of thé hemai Beadoh sleE@! fimdc Hhe.
iris of the eye starts with the performng 710 line cutting on the
det ect ed i magdhefling kettinges pefented yr dotueyes detdcsor] 220eamlithei dega gaddmced is
Next, the iris Iljine cutting data is conpared with the iris |line
cutting dat abisd o5 getgraining G20, whethertthe tepe i5 praserfi r Blekh dbe dine gptisg data

265. The iris produced is compared 615 with predetermined line cutting instructions stored in the

eye detector 220 to ascertain whether the image of an eye is present, and if so
whether the eye is open or closed. If the eye is open, the location of the image of

the eye is stored 635.

[0064] Referring to FIG. 7, the step of detecting 350 the iris of the eye starts with
the performing 710 line cutting on the detected image of the open eye to produce
iris line cutting data. Next, the iris line cutting data is compared with the iris line
cutting database 255 and correlated to the iris direction database 265. The iris
direction may then be determined 720 by looking up the iris direction database 265

which matches data in the iris line cutting database 255.

[0065] Referring to FIG. 9, the image of the eye 21 here shows the iris 26 at the
right side of the eye 21. The boundary chain code 50b of the sclera in this example

is HCEF. The iris line cutting data and the boundary chain code of the sclera is then



direction may then be determ ned 720 by | ooking up the iris direction
dat abase 265 which matches data in the iris line cutting database
255. [0065] Referring to FIG 9, the iggge of the eye 21 here shows
the iris 26 at the right side of the eye 21. The boundary chai n code
50b of the sclera in this exanple is HCEF. The iris line cutting
data and the vouakdtedyand matched dalthedfis tinertion ldetahase 266 hed thtdicotioredahe dye
and matched to the iris direction database 265 and the direction of
the eye gaze Z¥S/MBYE bgdeterminedip hedoplang algke kdt on the same kevel asibe e sane

| evel as the eye. [0066] It will be appreciated that various

nodi fications and i nprovenents can be nmade by a person skilled in
the art witho il 3 t. | i

18 i m 1. ASBE RO B9 @l ARy RS L i WD o e
i ndi vidual s f meidedyd gHrdodl skilicdBa eheCRTRIthSitABpdrify HofPhe sBopdl6t @6ifrB&nt
and | ocati ng p033|gle i mge of human head from said dlgltaﬁ i mge;

b. detecting améntiowati ng i nage of eyebrows and i nage of eye on
detected i nmage of hunman head; c. determ ning boundary chain code of
external boundary of sclera of said inage of eye; d. conparing said
boundary chain code with eye boundary chain code database; e.
detecting iris of said inmage of eye; and f. determ ning eye gaze
direction of said imge of eye. 2. The nethod in accordance with
claim1l1, wherein said step a. further conprises the



steps: al. dividing digital image into predeterm ned nunber of
sectors; a2. conputing color histogramof said predeterm ned nunber
of sectors; a3. conparing said color higtogranlfor each of said
predet ermi ned nunber of sectors with id predeterm ned skin tone
colors; and a4. marking inmage region having said skin tone col or as
possi bl e Glamge of human head if said predetermined skin tone colors
mat ch said color histogramof each of said predeterm ned nunber of
sectors. 3. The nmethod in accordance with claim1, prior to step b.

conpri ses step nflrnln ossi bl g i mag

2 dotect ad i 81 dhli%ﬁﬁt Chh P AR 8 oot P e, it
claim 3, d{’{Q hgtsép. ) further conprises the steps: 19 g1.
segnent i ng e regfon of marked possible i mage of human head;

g2. determ m rag bomatéafuyg &ldabentia® gessie @doe bPRImAOKEAE Fovn @fd ﬁgﬁﬁhﬂﬁhg‘k

i mge of human head; g3. conparing said boundary chain code of

ext ernal boundary cofeteptmsgmhl lecating imagchefagewbivh and nepd off eymatadetectdtiimage
code dat abase; and % confirmng said possible imge of hunman head

as a detected i magé" brmapheadn head. 5. The met hod i n accordance with

pertor g 1 e cur e Goreie B i oS ol afihosi i of s

produce eye line ata; b2. conparlng sald eye line cutting
data with a set of%%gggﬁqggnlned line

d. comparing said boundary chain code with eye boundary chain code
database;
€. detecting iris of said image of eye; and

f. determining eye gaze direction of said image of eye.

2. The method in accordance with claim 1, wherein said step a. further comprises the
steps:

al. dividing digital image into predetermined number of sectors;

£

. computing color histogram of said predetermined number of sectors;

a3. comparing said color histogram for each of said predetermined number of
sectors with said predetermined skin tone colors; and

a4. marking image region having said skin tone color as possible image of

human head if said predetermined skin tone colors match said color

histogram of each of said predetermined number of sectors.

3. The method in accordance with claim 1, prior to step b. comprises step g. of

confirming said possible image of human head as a detected image of human head.

4. The method in accordance with claim 3, wherein said step g. further comprises the

steps:



cutting instructions; b3. determ ning presence of an inage of an eye;
b4. determ ning whether eye is open; and b5. storing |ocation of said
imge of said eye. 6. The nethod in acggrdance with claim1l, wherein
said step f. further conprises the steE fl. performng line cutting
on said detected inmage of eye to produce iris line cutting data; f2.
conparing said iri gll segmenting Jarsgmage egiintdf nzankddriossible moage afthiupmgn head;
dat abase; and S. determining iris direction_ by looking up jris_ . .
direction dat abase g-7cterAuNIAE PRYWANLhaRIE aheerirk bpuaianyRiposiikierigage
said digital inage is0 di iht aé,ly captured color inage. 20 8. A

met hod for detecting an 'SP ni ng gaze direction of individuals
froma digital i e&lﬂggpﬁ]' i t : 1 | |
possi bl e i mage of n%%n%n hea%%?{agbné@glmg 5?‘3} '?%}e ?ken%)géeﬁ;léln%)}ﬁg%ye%f nésﬁge
and | ocating image ofheyaiticansvitiichdadBaendaty éhath dedatabgdecshd mage  of
human head; c. determ ning boundary chain code of external boundary
of sclera of said ginugérmoihgepsl paksibia imageaifi mgnani heatl adi f fleteetnd émade of
sai d boundary chain code to produce a first difference boundary
chain code; e. conparliueendigeé first difference boundary chain code

w th eye boundary chain code database; f. detecting iris of said

i mge of eye; and

5. The method in accordance with claim 1, wherein said step b. further comprises the

steps:
bl. performing line cutting on said detected image of human head to produce
eye line cutting data;
b2. comparing said eye line cutting data with a set of predetermined line
cutting instructions;
b3. determining presence of an image of an eye;
b4. determining whether eye is open; and

b5. storing location of said image of said eye.

6. The method in accordance with claim 1, wherein said step f. further comprises the
steps:
f1. performing line cutting on said detected image of eye to produce iris line
cutting data;
2. comparing said iris line cutting data with an iris line cutting database; and

f3. determining iris direction by looking up iris direction database.

7. The method in accordance with claim 1, wherein said digital image is a digitally

captured color image.



g. determ ning eye gaze direction of said imge of eye. 9. The nethod
in accordance with claim8, wherein said step a. further conprises
the steps: al. dividing digital inmage 'énto predet er m ned nunber of
sectors; a2. conputing color histogr an?8f said pr edet er mi ned nunber

of sectors; a3. conparing said color histogramfor each of said

pr edet er 8i ned Aurtied fof detsgtotgamd deterinirsiad ghzp rdddeticer ofi indichidsikisrfrdno meligital
colors; and a4. marking image region having said skin tone col or as
possi bl e InAggRogIrising thapepead i f said predeterm ned skin tone colors

mat ch said col or i st ogram of .each sai d edet.er mi.ned numnber . of
Cectore 10° “he ndEROE OdeenRE Brebleoet of Bead o st LUBTe yRase
conpri ses step h. 0 ey I i ] u

o ot eoted | mbge of ciren g0ty et ARG ad (OEe BF AR 1B
claim 10, wherein gahgmst gdadh. further conprises the steps: 21 hl.
segnenting said i mage region of marked possible i mage of human head;
h2. determ ni eg boudeg@anininghboundandehsfi codé &f nxterimd bvaiadaty obf pudaaidil &id

i mmge of human head; h3. conparing said boundary chain code of
external boundary dPageodshell e human head with a head boundary chain

_ A LY . bl e i fh head
25 a dot oot ed ¢ mmgeABHATHRL ik GHEGECe 19 Sh BOWRSERO BRI cate bt AEES
claim 8, wherein sai tep b. . further conprises the steps: bl.
performng |ine cu{%%f?eﬁémg%o%%‘%aay%at%%%d%d i mge of human head to

produce €. comparing said first difference boundary chain code with eye boundary

chain code database;

f. detecting iris of said image of eye; and
g. determining eye gaze direction of said image of eye.
9. The method in accordance with claim 8, wherein said step a. further comprises the

steps:
al. dividing digital image into predetermined number of sectors;
a2. computing color histogram of said predetermined number of sectors;
ba3. comparing said color histogram for each of said predetermined number of
sectors with said predetermined skin tone colors; and
a4. marking image region having said skin tone color as possible image of
human head if said predetermined skin tone colors match said color

histogram of each of said predetermined number of sectors.

10.  The method in accordance with claim 8, prior to step b. comprises step h. of

confirming said possible image of human head as a detected image of human head.

I1.  The method in accordance with claim 10, wherein said step h. further comprises the

steps:



eye line cutting data; b2. conparing said eye line cutting data with
a set of predetermned |ine cutting instructions; b3. determning
presence of an inmage of an eye; M deagrnining whet her eye is open;
and b5. storing location of said i nage“of said eye. 13. The nmethod in
accordance with claim8, wherein said step d. further conprises the
steps: dl. obtaini id. segmentigpdaidiinfage regimmeofinedrkerlpossble imbget dféumah head; d
boundary chain code; r d2. assigning a running nunber to each letter
of a chain code repPeddernininghoundgsy chai ede e§exernal brwdpiyceli possible image
difference to said rungin Q%q?er and consequently said letter of
sai d chain code repreggﬂF%¥ﬁ A and d4. forming said first difference

boundary chai n codexb &?ﬁ 'r!'!ﬁlg §§i Y i id |
code representati 021.3 éz/ ﬁk ebmad%rgd I'n g%%%?%%%%lgglw&{%ﬁ%{ya?@ﬁsnﬂe
wherein said step g. huhid®dadSAMA hea8Dolultfiry SHaBPSodeWhiabRRE I M NY
line cutting on said detected image of eye to produce iris line

cutting data; g2. Gdnmafimpgsaidipodsitie limape ciiimmghddta detdcd iinags of
line cutting database; and 3. determning iris direction by | ooking
up iris direction dat@paandhead5. The method in accordance with claim

8, wherein said digital inage is a digitally captured col or inage.

16. A nethod for detecting and determ ning gaze direction of

i ndi vi duqbs frT%m a didgii t al

¢ method™n accordance with claim 8, wherein said step b. further comprises the

steps:
bl. performing line cutting on said detected image of human head to produce
eye line cutting data;
b2. comparing said eye line cutting data with a set of predetermined line
cutting instructions;
b3. determining presence of an image of an eye;
b4. detemﬁning whether eye is open; and

b5. storing location of said image of said eye.

13, The method in accordance with claim 8, wherein said step d. further comprises the
steps:
dl. obtaining numerical difference between each letter of said boundary
chain code;
d2. assigning a running number to each letter of a chain code representation;
d3. matching said numerical difference to said running number and
consequently said Jetter of said chain code representation; and
d4. forming said first difference boundary chain code by obtaining said

matching letter of said chain code representation.



i mge conprising the steps: a. detecting and | ocating possible inage
of human head fromsaid digital inmage; b. detecting and | ocating

i mge of eyebrows and i mage of eye on 2§tected i mge of human head;
c. determ ni ng boundary chai n code of ternal boundary of sclera of
said image of eye; d. calculating first difference of said boundary
chain code to produce a first difference boundary chain code; e.
calculating normalized first difference boundary chain code from said
first dilff er dhe ecHindrinasspréanss widodem §. whesep spidriders 8i Wrther prinprissy the
first difference boundary chain code with eye boundary chain code
dat abase®' % detecting iris of said imge of eye; and h. deternining
eye gaze direction_of (o P X . t i :
W thciaim 16, whofoiReorpelrgtulne Bt Seid ok R A Gr 18 oPOERE S5CRR
al . dividing digital dui@geddito predetern ned nunber of sectors; a2.
conputing col or histogram of said predeterm ned nunber of sectors;

a3. conparing sai dg2.odoatpahing said idsnhirfeanttegaiataokitls an dispine dettiap Matabake; and
nunber of sectors with said predeterm ned skin tone colors; and a4.
mar ki ng i mage regi 6 dessrming gisdliskiion byoleeking uprrisdirgsties difpeascmage of
human head if said predeterm ned skin tone colors match said col or

hi st ogram of each of said predeterm ned nunber of sectors. 18. The
met Qde : rils.acceﬂlg W&hod" 1r; Qcc%&c?alnge] %‘v(?th 851'm0§, ;[Vﬁel%ltnegai(? 'dig(i:tgalnRﬁalgg % asctii%Rally

i
captured color image.

16. A method for detecting and determining gaze direction of individuals from a digital

image comprising the steps:

a. detecting and locating possible image of human head from said digital image;

b. detecting and locating image of eyebrows and image of eye on detected image
of human head;

c. determining boundary chain code of external boundary of sclera of said

image of eye;

d. calculating first difference of said boundary chain code to produce a first
difference boundary chain code;

e. calculating normalized first difference boundary chain code from said first
difference boundary chain code;

f. comparing said normalized first difference boundary chain code with eye
boundary chain code data}base;
detecting iris of said image of eye; and

h. determining eye gaze direction of said image of eye.

17.  The method in accordance with claim 16, wherein said step a. further comprises the

steps:



confirm ng said possible inmage of human head as a detected i mage of
human head. 19. The nethod in accordance with claim 18, wherein said
step i. further conprises the steps: i53- segnenting said i nage region
of marked possible image of human head;”i 2. determ ni ng boundary
chain code of external boundary of possible inage of hunman head; B.
conparing sai d bourndadiyidmgdigital drlegeihtogpredateralinddomntbar 9f sstopossi bl e
hunman head with a head bou.ndarf/ chai n code dat abase; and i 4.
confirming said poddi HePYtiRgsaloshistgiam ohead Predetsrpingd pumberofsedorss

human head. 20. The,nethod. in .gccordance wi.th ¢laim16, wherein said
Ctep b further cobr o praugEaRt ARt birdafh S la et by Rt of
sai d detected image ofg. .mﬂhgﬁﬁf?)r &{ﬁ?ﬁ%ﬂ%ﬁ'nt@ﬂ@c&lbﬁeaﬁ"’“' ng data;
b2. conparing said eye [ine cutting data With a set of pr edet er m ned
line cutting instRdCinh@i; inldde rap@InChaViny £6d BKIASBRE RoRE adPokdIREEnRbe of
an eye; M determ ning whether eye is open; and 24 b5. storing

| ocation of said i mageunodn beaddifespal pRdietefthmedreskio tbrienc@ccomdi@ah ceaidvcdlbr
claim 16, wherein said step d. further conprises the steps: dl.

obt ai ni ng nunerical dpftPeraEhefcape phrsithpisdettroniaed pymbsr of s¢aorBoundar y
chain code; d2. assigning a running nunber as a representation of

each letter of a chain

18.  The method in accordance with claim 16, prior to step b. comprises step i. of

confirming said possible image of human head as a detected image of human head.

19.  The method in accordance with claim 18, wherein said step i. further comprises the
steps:
il. segmenting said image region of marked possible image of human head;
i2. determining boundary chain code of external boundary of possible image
of human head;
i3. comparing said boundary chain code of external boundary of possible
human head with a head boundary chain code database; and
i4. confirming said possible image of human head as a detected image of

human head.

20.  The method in accordance with claim 16, wherein said step b. further comprises the
steps:
bl. performing line cuttir}g on said detected image of human head to produce
eye line cutting data;
b2. comparing said eye line cutting data with a set of predetermined line
cutting instructions;
b3. determining presence of an image of an eye;

b4. determining whether eye is open; and



code representation; d3. matching said nunerical difference to said
runni ng nunber and consequently said |letter of said chain code
representation; and d4. formng said first difference boundary chain
code by obtaining said nmatching | ett ef*of said chain code
representation. 22. The method in accordance with claim 16, wherein
said step e. furthds. stony losaontdfeaidsmege ofeshid dydent i f yi ng | owest

i nteger of said representation of said first difference boundary
chain code; e2. rotating said representation of said |letters of said

first difference chain code representatjo rior._to sajd | owest .

|t oger 25t hd SRt in g Canc g DAt ipelin S8 Hop Ay LhT Fpapises dhe
boundarys%gi n code to produce a new representation of said first

di f ference“boundary chain code for all possible occurrences if

| owest integer occunsobiihfgt AakerRACiffeRde H3tweh! &h 1088 HE Ga1d Youndary
| onest of said new representations as the normalized first

di fference boundary ct¢haincodede. 23. The method in accordance with
claim 16, wherein said step h. further conprises the steps: hl.
performng |ine cutd?i3sgigoing salonite newberchs anegeesetitaégre of eacprleftarcd a ehagn
line cutting data; 25 h2. conparing said iris line cutting data with
an iris line cutting SPYEABAERNAAD: h3. deternmining iris direction by

| ooking up iris dirgcti dat abase. 2 The nethod i.n accordance with
ci'ai m 6. "wher of n Sa1 GGaE; ¥R Ratr ARGRER 2P 500 A el
consequently said letter of said chain code representation; and

d4. forming said first difference boundary chain code by obtaining said

matching letter of said chain code representation.

22.  The method in accordance with claim 16, wherein said step e. further comprises the
step:
el. identif}?ing lowest integer of said representation of said first difference
boundary chain code;
2. rotating said representation of said letters of said first difference chain
code representation prior to said lowest integer to the rear of said
representation of said first difference boundary chain code to produce a
new representation of said first difference boundary chain code for all
possible occurrences if lowest integer occurs more than once; and
€3. select numerically lowest of said new representations as the normalized

first difference boundary chain code.

23.  The method in accordance with claim 16, wherein said step h. further comprises the
steps:
hl. performing line cutting on said detected image of eye to produce iris line

cutting data;



25. An inmage processing systemfor determ ning gaze direction of
individuals froma digital inage conprising: a head detector for
detecting a possible image of a human ad fromsaid digital inmage; a
head boundary processor for determ ning a boundary chain code of said
possi ble inmage of said human head; an eye detector for detecting

i mage of eye of dethdctaseparinggeiddtfis kg uttingrdate wihan bis lingenitigdatalase; and
cutting techni ques_produci.ng eye |line cutting data;. an. eye boundary
processor for det elhgh tﬁ&ﬂﬁ%&é@%ﬁ}%ﬁ%f%‘(@%@%?d%%@%lﬁaia a¥oundary
of sclera of said detected i mage of eye; an eye boundary chai n code
dat abase for storing a plurality of eye boundary chain codes; an eye

boundary >ghai mheeagh&P IHJQJcéifdQﬁcef\?fth Q&'ﬁgalrd, gﬁle%ﬁ Qail HBER Mage B! ) dBREy

of sclera with said plurality of eye boundary chain Codes; an Iris
det ect or chmuredérthegd i ng i mage of iris of said detected i mage of eye by
performng line cutting techniques producing iris line cutting data;
an iris direction database for storing a plurality of iris direction

dat a; ang an iris direction deterninator for determ ning ,th_e_c(I:]aze
dof $9 EPRRRECCHING PYSEM T deRpRipngare difpetions oloipdividuals from a

directio
conpari si Ont?ﬂf asaiéj iris line cutting data fromsaid iris detector
and sai del%1 STPFRE I@Eﬁsﬁgng dat abase. 26. The i nage processing system

i n accordance, W ' ' ' iﬁé(%%t P 0
26 a head bouﬁgfggr@ dc e%oﬂ‘f%i%eé!@églgdbggs;s?dfl %r S oﬁ%&ﬁfgﬁ%ﬁlgéda i?{?gdé(?%gual
chai n cogageand for conparing with said boundary chain code of said
possi bl e i mage of said human head for

a head boundary processor for determining a boundary chain code of said possible

image of said human head;

an eye detector for detecting image of eye of detected image of said human head by
performing line cutting techniques producing eye line cutting data;

an eye boundary processor for determining a boundary chain code of external
boundary of sclera of said detected image of eye;

an eye boundary chain code database for storing a plurality of eye boundary chain
codes;

an eye boundary chain code comparator for comparing said boundary chain code of
sclera with said plurality of eye boundary chain codes;

an iris detector for detecting image of iris of said detected image of eye by
performing line cutting techniques producing iris line cutting data;

an iris direction database for storing a plurality of iris direction data; and

an iris direction determinator for'deterrnining the gaze direction of said image of iris
by comparing results from comparision of said iris line cutting data from said iris detector

and said iris line cutting database.

26.  The image processing system in accordance with claim 25, wherein said system

further comprises:



confirmng a detected i nage of said human head. 27. The i nmage
processi ng systemin accordance with claim 25, wherein said eye
detector further conprises: a plurality of eye line cutting
instructions for conparing with said e§ line cutting data. 28. An

i mage processing systemfor determ ning gaze direction of individuals
froma digitalheaddgend@yehiif icods dAatueatordtdrant Oplukfity dtchsihicbdesdand for
possi bl e i mage of a hunman head fromsaid digital imge; a head
boundary Cpmomwthfseid kieindanyi abaimgeode lod gaid qrogsibleainrmge ofl saidf hweendhead for
possi bl e ipage of said human head; an eye detector for detecting

i mage ofcgw@nﬁPgﬂé@%@@%ﬂm%ﬁéﬁﬁﬂ%hm§ﬁiHmﬁunan head by performng line
cutting techniques producing eye line cutting data; an eye boundary
processor for determ ning a boundary chain code of external boundary

of scl er @~of d; f ey r d n S
For cal car at i naCarPer S GHHETERR! A el Sl A SRR RR B
boundar y dehafon figede compaydser nal boundary of sclera of said detected

i mge of eye; an eye goundary chai n code database for storing a

pl ur al i t y phiraktyeflope idacyttiog aistructaoie $or campaying badthrsdireye dinaicatting deta.
conparator for conparing said first difference boundary chain code
wth said pIuraIity of eye boundary chain codes; an iris detector for
detectingﬁina iris of said dete ted i mage of ]

e b
line cut Rt a1 TPF R Ectiet (S of I o a
d|rect|oGuﬁﬁﬁﬂnggdéﬁguggorlng a pIurallty of iris direction data,;
naris I 0

and 27 a dire determ nator for determ ning the gaze
direction of gaiefd ideRERr Tbr Hétb&ting a possible image of a human head from said digital

image;

a head boundary processor for determining a boundary chain code of said possible
image of said human head;

an eye detector for detecting image of eye of detected image of said human head by
performing line cutting techniques producing eye line cutting data;

an eye -boundary processor for determining a boundary chain code of external
boundary of sclera of said detected image of eye;

a first difference processor for calculating a first difference boundary chain code
from said boundary chain code of external boundary of sclera of said detected image of eye;

an eye boundary chain code database for storing a plurality of eye boundary chain
codes; -
an eye boundary chain code comparator for comparing said first difference
boundary chain code with said plurality of eye boundary chain codes;

an iris detector for detectingﬁ image of iris of said detected image of eye by
performing line cutting techniques producing iris line cutting data;

an iris direction database for storing a plurality of iris direction data; and



by conparing results fromconparision of said iris |line cutting data
fromsaid iris detector and said iris line cutting database. 29. The
i mage processing systemin accordance with claim 28, wherein said
system further conprises: a head boun@ary chain code database for
storing a plurality of chain codes and for conparing with said
boundary chai mandudéresfios détdmpostei foir deermigmgahe gaedlitentiamohssad! ihage of iris
confirmng a detected image of said human head. 30. The image

processi Y COYPAERg Teﬁulé?cfé@ﬁcfé?ﬁ@éﬂﬁptl f spidiivis me cyifieg data feoap aaléylés detector
detector f rtherlco ise plurallty of eye line cutting

i nst ruct 8 §1?HP 382%@ %h said eye line cutting data. 31. An

i mage processing systen1for determ ni ng gaze direction of individuals
froma digital inage conprising: a head detector for detecting a

possi bl e2bmagahefimg, %eh PrRBsshRag) sten® T 28dcidAed it claiRd8; wheldBAthid system
boundary processor for determning a boundary chain code of said

possi bl e furthengempfisesai d hunman head; an eye detector for detecting
i mage of eye of detected i mage of said human head by performng |ine

cutting technidged wr&mc plwgn egde dﬁtﬁ’%s@:&ftslmglgcpaﬂafalﬂh Oéybalb@g‘imangl for

rocessor for.determ ndar ai.n code of ext
of scl or SOBPAring \alt%é%@ 31 g%ygsalé Possikle igegs 8 éﬂ?él 3&@@ dgpr

for calc f ary chain code from sai d
boundary%lﬁi btgl%éeté%‘?& Hglgé?)ﬁgaa?({]%oun rqg of sclera of said detected

i mage of eye; a normalized first difference processor for
calculating a normalized first difference boundary chain code from
sai d fir30. di Theriefage phoessiiey gysbai ih aochedance with claim 28, wherein said eye

detector further comprises:
a plurality of eye line cutting instructions for comparing with said eye line cutting

data.

31.  An image processing system for determining gaze direction of individuals from a
digital image comprising:

a head detector for detecting a possible image of a human head from said digital
image;

a head boundary processor for determining a boundary chain code of said possible
image of said human head;

an eye detector for detecting image of eye of detected image of said human head by
performing line cutting techniques producing eye line cutting data;

an eye boundary processor fo'r determining a boundary chain code of external
boundary of sclera of said detected image of eye;

a first difference processor for calculating a first difference boundary chain code
from said boundary chain code of external boundary of sclera of said detected image of eye;

a normalized first difference processor for calculating a normalized first difference

boundary chain code from said first difference boundary chain code;



28 an eye boundary chai n code database for storing a plurality of eye
boundary chain codes; an eye boundary chain code conparator for
conparing said normalized first difference boundary chain code with
said plurality of eye boundary chain cé es; an iris detector for
detecting image of iris of said detected i mage of eye by performng
i ne cutting teecheabouekrnpcleducodegdatabiase for seorimgta placplitia b py@hourrdasy chain
direction database for storing a plurality of iris direction data;

and an i ePdesdirection deterninator for determning the gaze direction

of said image of iris c ari results from conparision of. sai
T e aae el e hpundify R, odee paRRGE IoF COmpanEe, i, PPEZRG frst
cuttin ) i . i t i Qr ce with
Vi m 5, AFARE bouidary, 1in LOROGP LA BRRUNG P YR M ARERAANES

chain code dalabgseietRforstorrdei@tife @lortiyis off 6hal der&de smaRdof Qe by
conparing with said boundary chain code of said possible inmage of

sai d hunparforeddg fine cuttegiechiniimng prodieingdiieling ¢mgie @fta;sai d hunman head.
33. The inmmage processing systemin accordance with claim 31, wherein
sai d eye det ey difagtiomdatabasebern ssaring aplptalifyadfiitiy dwéctionalata; ad cut ti ng
instructions for .c ri with said eye |ine cuttjng data.
an iris i;re%faion Heg[erminator t%r ﬂetelymining the gaze diregtion ofa said image of iris
by comparing results from comparision of said iris line cutting data from said iris detector

and said iris line cutting database.

32.  The image processing system in accordance with claim 31, wherein said system
further comprises:

a head boundary chain code database for storing a plurality of chain codes and for
comparing with said boundary chain code of said possible image of said human head for

confirming a detected image of said human head.

33.  The image processing system in accordance with claim 31, wherein said eye
detector further comprises:

a plurality of eye line cutting instructions for comparing with said eye line cutting data.



