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Field of the Invention This invention pertains to the field of ina egad ety

processing, and nore particularly to the field of 10 correction of red-eyes
in images. 2. Description of Background Art In flash photography, the
"red-eye effect” is a well known problem The "red-eye effect” is at |east
one red 15 dot appearing in the pupil of an eye inage. One conventi onal
technique to reduce the red-eye effect is to use a pre-flash |ight em ssion
technique. In the pre-flash |ight em ssion techni que, when a shutter
rel ease button is pressed, a pre-flash is fired. Wien the pre-flash strikes
20 a subject's eyes, the pupils of the subject's eyes shrink ~ in response
to the bright Iight. Subsequently, within a short tine, the primary flash
fires before the pupils revert to normal size. Thereby, the red dots of the
pupi |l s are reduced due to the snaller size of the pupils. For a 25
description of a suitable pre-flash |ight em ssion techni que, see for
exanpl e, U. S. Patent 4}‘?@5@@8@%@?@%&3“’%@ FROXERSTH t he pre-flash
light em ssion technique is the picture taken is not that desired because
of a time delay between the desired shutter release tine and the tine 30 of
actual shutter rel ease. Another drawback to the preflash |ight em ssion
techni quesis the pre-flash distorts the intended picture by, for exanple,
shrinking the 1 ., 2~ ~, _.,.. ~~;..~ ;.. .. subject's pupils.
Still another drawback to the pre-flash |ight em ssion technique is when
t he subject i1s noridlgbkifnghatinviegtiemera, the subject's eyes do not react
to the preflash, and con i.0 i.q d nt red-eye. 5
{:yus what is needgh ?§9§%§g%%5E%%ﬁéggggkhggﬁogﬁ%ﬁggkeFﬁ%%%ates t he red-eye
leffect but deescastimi.seofitmete pegbiectarlyage. tiBt Séleddup® of I nvention 10
The presept i ' iRC >onpid er, 1 npl enent ed net hod for
identifyﬁﬁg 5% gggﬁgghf?nggggﬁ?%ygs. Tﬁ%rnethod i ncl udes the acts of
determ ning the presence of a red colored region (620); determ ning whether
an eye i nmage -Surr gesws dehen! &6 saekereshd egion (410, 420, 430, 440, 450, 15
and 630); and replacing the color of the red colored region with a color of
a region that inmedibaEhy PEAFPHIREY t iE r'&¢Gc8Y Dried §°gi oh ¥ 50 520, 530,
and 640). Thewpkassriblichventhe®n dadrthereimeludes & ceaput efie st em (100)
adapted faor Iocating and nDdif%E%%{ rgd-eye 20 iqaa %igst i mge, the
syst em i ntl udiHg2PESIT3¥ade Wi 1?16 ) o ®stBt9 g tHe first i mage (110)
t hat i ncl udesmavieadidotl ardhatqleast rehe:eydei nadesyen efédcdots det ect or
(104) COUpl?qngpatgee§£PE$g?'qﬁglqu295nré§§%Hgng.thﬁlkhgsﬁréﬁﬁﬂghfron]the
storage nedi uti‘afd®for" dét'ec ?nge?he presence i
light emission technigque, when a shutter release button is

pressed, a pre-flash is fired. When the pre-flash strikes
20 a subject’s eyes, the pupils of the subject’'s eyes shrink
f } in response to the bright light. Subsequently, within a
short time, the primary flash fires before the pupils
revert to normal size. Thereby, the red dots of the pupils
are reduced due to the smaller size of the pupils. TFor a
25 description of a suitable pre-flash light emission
technique, see for example, U.S. Patent 4,285,588 to Kodak.
one drawback to the pre-flash light emission technique
is the picture taken is not that desired because of a time
delay between the desired shutter release time and the time
30 of actual shutter release. Another drawback tc the pre-
flash light emission technigue is the pre-flash distorts

the intended picture by, for example, shrinking the



125 t'he red dot within the first image and for identifying the red dot,,\an .
eYe detector (106) coupled to the red dot detector for receiving the o dni £
identified red dot fromthe red dot detector (104) and for determ ning

whet her the red dot is positioned within an eye inmage and for outputting
the 30 location of the red dot positioned wthin the eye inage; and a
red-eye renover (108) coupled to the eye detector for receiving the

| ocation of the red dot positioned within the 2 eye inmage and for
replacing the color of the red dot positioned within the eye |rrage wlth the
color of the region that immedi ately surrounds the red dot. 7 ;; a>-, ;
r:" ..., 5Brisfbidescisi pupbdhsof $tiel IDramithgs THesebadld o1 Hare moee fdathi I ed
and specific 0bj ects andfea of . t.he S ent.ian, ar r 1y

di scl osedin t eék? (:)Lvs\n'sﬁg s%gé qt:ua(?llro%n"vl?lr glf gfr%n%“é %%%tngl%g}?%t g%'oglltlg

t heacconpanyiaig td'rea\mangsa | thahs by kP IsGeyleA depnot sréavtbltackhdi ageam f orm
an exenpl aryenbo |rrent of red-e rrect.ion device 100;FI G, 1B depicts in
Bl oGk agr art P 2 SEREPAF S ETbOd SRRt P G08° daTarorTis 16F PRt eye
correctiors devi ceh@ﬁhslﬁrﬁhe idGheeprdtis |a1m hbeoeka th:agiainetthadamnhat

exenpl ar yenbodj nent of d-e rerm red-e rrectl ndevi ce 100;
FIG 2 depi ctgi%n&l:éaﬁpltﬁf?yrgﬁa e1e_L %H% AAFEi %/tér‘g’os 2-1to
202-5; 20FI G SfAcylep ahwga.suitabl e process 300 to |dent| fy reddots; FIG 3B
depicts a suitable process to determ newhether a red area is circular; FIG
4 depicts a suitable process 400 to determ ne25whether a red dot is
spatially enclosed within an eydisgageunrtG®f Srefivdicn a sui tabl e process
500, in accordancevvlth an enbodi ment of, the present 1nventjon; andFIG 6

{g«%pl cts alGuitabl et %@?nGOBHV?%t%dFH’&H%%% PARIA SrESRIRFEEEE t he

esent i nvenhdoiha Petraiilseds e 5?1&_&; PhAO R detenpr eber &psks Enbod mrehsa3
22 ~~~ u~~ Enbodi nents of t resent invention can be used in

conj uncti on wRRudRF |tr?§‘géCF§08F Pledeviiey, tiGcRraseRce fiferda =& g.
digital or nogsfiid alaky: @l (6R0RN SovdHanTeRt wmaheprgﬁe@ﬁ@slrﬁgal i mages
(e. 9., photo developrment 5 mnilabs or Internet based ot o processing
services). Adeixy 9 yheemsgdrabared gfetine dr‘léé’enflzi)nv‘g?ﬁd ot Qart>Be used
in conjungdion,yiddyany W degr Leces ding 4aW.Cer 8BeVid80-MBY, e ;a38h1 €S of
still images. In accordance wth enbodi nents of the present 10 invention,
at |east an appelk at > lavd ofr éc§§§l®metk@ﬁts@lm§édah@iim aurprundspddice rgdr ed
dot within an g d | a ththe color of the pupil
or iris that %ﬁ%cgrbésul at?gé%?lt ﬁé'eLrBedg%%t reélfter red-eye" nmeans a red dot
| ocated within an 'Hyaeprrmg@t Theerbion the tted- epelueef f ectmputayor r ect ed
wi t hout need for an It F ) p i.n_bl ock
di agram form 2 S%?(“éni) ary err%ttgldrr%ﬁltg %@aé él%sgndc%)nrg%%ﬁg %g\/elsdcéag/foo
Red- eye cZﬁretmla)nijfsm cenatel can QEStethJeTcémde@gi nahatdwag@ mZ0 uwgof t war e,
and/ or firmar corre L0 devnce 100 [ I 0 e ium
| 02, red dot &gg%ct ot eV| 8%‘ g%/]és%le &t 111?32 g mé e(%/eggr eg%\%er

8. Suitabl edbﬂ‘péxﬁi’r&ﬂi aIelaQ;m:S ok syermﬁmeohl lrmdl%tadetactcaandtﬂrmaccess

\ nor RA| e or. optical sto e 25 nediuy cated nenor
Conoe) For cimeled e M Bof o bR BHF & Telritind’ £ PEYSaAER Y
conj uncti OR V\ff&ﬁ&t}?@.rmj’cﬁ:ag@‘ln‘fﬂeﬁﬁ| ﬁﬂi@lgdhfr@g;@dmdgu%é%regemilo&shl 0
NMenory su as. t he | onega ck or e nm cro ora nedi.um
storeg an% magRee 14 %ﬁgd"ﬁthilﬁl Fﬁ?s%éﬁ%‘bd}f% “%0%‘:? Féﬁ?g t:lj"ﬁ1

conventional ped-gseenabldie @REBrLHor (ats) Idbdl:tllem %aﬁﬁbereﬁmﬂoﬁ mage 110

represents a stl |1 |matge that includes at | east one red-eye. Herein, inage
110 i s detector for receiving the identified red dot rom the red

dot detector {(104) and for determining whether the red dot
is positioned within an eye image and for outputting the

30 1location of the red dot positioned within the eye image;
and a red-eye remover (108} coupled to the eye detector for

receiving the location of the red dot positioned within the



4 Y., 2t~ ,"~1; %i~f. also an inage represented by the image 110

unl ess otherwi se stated. FIG 2 depicts an exanple inmage 200, repréﬁédﬁéﬁ;ﬁg;
by the image 110, that includes multiple red dots 202-1 to 202-5. 5 The '
storage nedium 102 is coupled to provide the inmage 110 to red dot detector
device 104. Red dot detector device 104 detects all red col ored

approxi mately circul ar shaped regions ("red dots") in imge 110. An

exenpl ary approach to identify red dots in image 110 is provided as 10
process 300 of FIG 3A In action 310 of process 300, an area A having N

red pixels is identified by using a classical conmponent al gorithm whereby

all pixels of I ) (2,:V.2) . C hat each

pi xel (xi,yi )eyi%;gg‘ﬁé’esg% %%ﬁlg]% EEi%E) cne ) cordX b thle r%léxteaPE(xj yi) of
area A. Two mosdltdofed, yithamdlejewny image WwBcmeilghlarlsYy ioff tke- xj | <=1 and
~yi-yj~<=1. The .area,A_is_built starting froma pi xel (xl,yl) and
using a cl assﬁegaoncgﬁﬁgcf%“&e%loantpegi ent™™a g%‘rg?tthkﬁ? troe({)(:a:j 'd the area A which
contains (xl,yl). 20 In action 320, the red dot detector device 104

deternine§ if the shape of LQ aLea A19{ re% i xe S is_circular. One
suitabl e techni que to det5&%%%e~mﬁ%¥ﬁ%%5¥%éLaEéﬁ—h—?gi%?icuIar is shown in
FIG 3B. In actiomh22e- indfotfiidy milBe vedaddéddeid®dcida oBi2btd04nd
determnes th entr oi , of ,area A using a conventianal _cal cul ati on
such as: xg 4§?§%ﬁnﬁs(9g+§gg.9gégﬁ®te%ﬁae9§19nl?$€““?§ﬁ %?;ﬂ?l%%ﬁﬁﬁ?s? action
320-2, red dain deleeEbolofend Ceoddi4 iacliogesrdbetdi-aira ny Watihtboungi ng box

B to determ ne the conBacit C and excentricity E of the area A The
conmpacity C GCEFBINEIPE defyidf as™ W81F&fi o of the nunber of pixels N and

e 5 10/ /~t ' rib(~1a 83BPcdb daribincll 8da8fah oo uRdinEnReXB, areaB,
‘ag further defined in the followi ng equation; C = N areaB, where areaB =
H L, 5 where gqRodjiment et yed-gye qopreckpanedexice vi00iare the upper left

hand coordinates 3@c0of 18hgepoindiing Q¥ kBadngr 2 er Kt almedehp1Xky= mn (X1,
x2 ... xN) and yl = mn %yl, y2 ...y , and (xr, yr) are the |ower right
hand coor di ndF&¥® G Mere Cbhotivitli HRf 0B LARdC hr Eed o btanred thpnx flevice
max(xl, x2 ...100\) and yr = max(yl,y2 ... yN) ; The excentricity E of the
area Ais defined as the ratio of the short side of bounding box B wth the
rati o of ¥he | ongFditde 16f dBpimies nigt Bowck. dTherem| fow o egpearitony

embodiment of red—eye remover 108 of red-eve correction
device 100;
FIG. 2 depicts an exemplary image 110 having multiple
red dots 202-1 to 202-5;
20 FIG. 3A depicts a suitable process 300 to identify red
dots;
éi) FIG. 3B depicts a suitable process to determine
whether a red area is circular;
FIG. 4 depicts a suitable process 400 to determine
25 whether a red dot is spatially enclosed within an eve
image;
FIG. 5 depicts a suitable process 500, in accordance
with an embodiment of the present invention; and
FIG. & depicts a suitable process 600, in accordance

30 with an embodiment of the present invention.

Detailed Description of the Preferred Embodiments




20 defines the excentricity EE E = min(H L)/ max(H L). In action 322;? the
red dot detector device 104 uses the conpacity C and excentricity Q
determne if the area Ais circular. In this enbodinent, if any of the
following 25 conditions are true, area Ais circular: i. (N < mnpixel) OR
ii. (N> mnpixel) and (N < maxpi xel) and (C > m nconpact) and (E >

m nexcentricity) where 30 mnpixel is a threshold under which the area Ais
too small and therefore is accepted as red dot. A typical value of m npixel
is 20; 6 Z ~ ?E~" ~'~~s-4 maxpixel is a threshold above which the area A
is rejected as red dot because it is too big. For exanple, naxpixel can be

fixed to the qUariboBEnbhtl 5 20,Pbrbnt MBGGen 5i g NEOTRACHSEY B N eshol d

under which the area Ais rejected because 1t Is too conpact. i ng
m nconpact t W IEAREEPE Whi‘—% s timaget reagraime odmpaicte t uth0asakes the red

dot detector &gn\gr%e([?Oﬁres Is@c{leg)gr Ve agﬁgiﬁéf{e comaci ty; and 10

m nexcentricity is a t T'd Un area A%s rej 688 because
it is too el dhgdt edocseses n@txﬁlnexr@@msr ilei. gy, toh@t e alwelloptehs t est .

Setting msne tHh Gl g ed_dot det ect or _device 104 very
sel ective abgﬁtqﬂtlﬁgglé}le%g%#r%@%% orp§°&8 BBy 149 “EhY] 6ﬁ8tgggr aph t hat
i ncl udes one Pddlgewaaélypeersmﬁsi,mw[sl odl ke memn«ellme&ﬁ,loﬁa&anxm = 1000,

m nconpact = %ﬁ and % entri, |t he red dot. detector device
104 then i dentiH a& aPﬂ55 ér%%1&8%- ¥lnyl??a %Olﬁif?r e %6Y& Het 88t or 106.
An exenpl ary wigiseematrobe dengeé:fieseadch slté(‘ﬂldﬂhagéslo identify the coordinates
of each pi xel MAtgln a rgglgggwﬁ%?}%%¥ as the fg omﬁn proprertles of the
red dot: 1) conpaéft§ COT T IETY FEPPYLESRY Yot Ry @f& yg), and 4)
qr di us rdo025 iofvetnih@oni natulead i Glre aphbehresghobas-dde s ededat scTHE=d adi us
~d is the | argest distance |linkin Bg centroid (x g) to each point
(xi,yi) wit hlh% thé %’E f) d g s"éfju eV HR#7 iy ‘?%’riyﬂ‘i@gleoF‘P Bwi ng
equation: rdrepraxedChs0ry@)ddtXiwith) he boFod 40 dha3Qupiar et he;function
d() is the eungdean dls{ance bet ween two points. 7
at encapsulates the red dot. ' Hereafter “red-eye” means a
red dot located within an eye image. Thereby, the red-eye
15 effect is corrected without need for an image distorting
pre-flash.

FIG. 1A depicts in block diagram form an exemplary
embodiment of red-eye correction device 100. Red-eve
correction device 100 can be implemented in hardware,

20 software, and/or firmware. Red-eye correction device 100
includes a storage medium 102, red dot detector device 104,
id) eye detector 106, and red-eye remover 108.

Suitable implementations of storage medium 102 are a

random access memory {(RAM), magnetic or optical storage

25 medium, or allocated memory space. For example, when the
red-eye correction device 100 ig used in conjunction with a
camerea, an exemplary storage medium 102 is a flash memory
such as the Iomega Click or the IBM microdisk. Storage
medium 102 stores an image 110, which, in this embodiment,

30 1is represented in conventional red-green-blue (RGB) format.
In this example, the image 110 represents a still image

that includes at least one red-eye. Herein, image 110 is



e

e~ S ~l'i “~.<.. i Thus with respect to the exanple of FIG 2, red dptficpe 21104
detector device 104 identifies red dots 202-1 to 202-5 to eye det ector” "106-*V"
Eye detector 106 detects whether each red dot 5 identified by the red dot
detector device 104 is spatially enclosed within an eye i mage. One suitable
approach perfornmed by eye detector 106 to determ ne whether a red dot is
spatially enclosed within an eye inage is described with respect to process
400 of FIG 4. Process 400 is 10 repeated for each red dot. In action 410

of process 400, the eye detector 106 extends a ray fromthe centroid (xg,

yg) to determ ne whether a first honogeneously col ored circular region
encapsul ates the red dot. In one enbodi nent, the fjrst IS hom)gleneousl y

col ored circudsfC A&yilGRICOF PREPHTHHLS &Mt ﬁg‘eph‘ﬁ‘?fﬁ‘? GRS @FEPEFEYTing to
the i mage 200;@fcdd .G rdc.r 808epi 229 HOIx0FP0BASniGe 00, r Hepheregeagous! y
colored circular region. If a first honogeneously col ored circular region
encapsul at es Phethiedm@oe, LLAenthat d&qweﬁzﬁPlF%l%of%éiO&& effor 196

| ocates the cegmies of the first honobgeneously colored circular region (x*,
y*). For exanple, referring to the image 200 of FIG 2, point 225
corresponds to th&hemerage PAIYN A2 HonsguRedd sty RO W& dBREFR

region. O hery§6,, the eye detecior JOB 25149et er giaesot hadrdherr ed dot is

not a ~“red-eye"” In action 430, the eye detector 106 determ nes whether to
| ocate a secofevheohodendetisryscal brieafl cialegrar apegpBinatnly K< edBsdi ment ,
the eye detec es «a.§e§90d \hanpgengaush y. col.ored giieyl ar region
by exam ni ng %lﬁgép%?(zsreég%%%tosf s(t ggared do)t. | f tﬁe size of the IT(ri_je(‘tla ot is
sufficiently spptdach He éfendéfected dO6 grednpes thatis Rraiided as

nogeneoysl y |, or ir rggi on does not correspond 8 np; (' ~ry ~Y
@ a pupi Fosi n%%cgc%%%%uogde ‘ﬁéagup??w Il not be resolved. The eye detector
106 identifies theldiastiomodbfentomstsesnl3dledani prahak hrasgiroh MNagedn iris
and proceeds to tion 450. .Qtherwise,.if .t i f dot is
sufficiently glfgisgelssulc enatéLgllﬁStﬁ% %(laﬂ Iaeragfaéh%ga?f&thﬁoeﬂ%%e det ector 106
identifies thelforsthhotegehbgoasdlypiotls exf eireeubar { f&Yiwh) as(=.p@pi.l and
proceeds to action 440. |In action, 440, the.e etector. 106 seeks a second
honogeneousl y - cof of}élﬁ'%})r}(fulséﬁghr gﬁ?%né%ﬁlh é)xltx)eéﬁdiqﬁgl;’ﬁlgelé%n 1888r ay fromthe
center (xt5 yihrighbédre df r=st leasngeneciust ywicellored, giif cof aaread - 0omTwoThe
second honogeneously, col ored circul ar, regi on, corr ongs.to an iris.. For
exanpl e, ref ePHERLST G1AE ) Ee Bd0Y ot BTG rz5,1'“':'?13 h°23 : b exs:H(S(rS]&s to a
second honpgeagausiy-€p|ered ahecukas ASid egiidn. byf ssachisgchmn a red
honbgeneousl y col ored ci rcgla?% regi on is |ocated, theg actci)onorffeS fol |l ows.
In action 450P kRé &b et PS1HE BxE EHUE e CSBEGHGST ay ¥ Ot he center
(x*, y*). of bhgotitsh hwmgareeus! ¥regl Oradtd lconkainsegkdnyor. fromthe
edge of tgg first

In action 320, the red dot detector device 104
B determines if the shape of the area A of red pixels is
.iw) circular. One suitable technigue to determine whether the
area A is circular is shown in FIG. 3B.
In action 320-1 of FIG. 3B, red dot detector device
25 104 determines the centroid (xg, yg) of area A using a

conventional calculation such as:

Xxg 1/N * {xl+x2+...+xN) and

vg /N * (yvi+y2+...+yN).
In action 320-2, red dot detector device 104 encloses
30 the area A with bounding box B to determine the compacity C
and excentricity E of the area A. The compacity C of area

A is defined as the ratio of the number of pixels N and the



.20 honobgeneously col ored circular region (action 440) to locate a region
that is brighter than the honogeneously col ored regi on out nost f r Gnd tibie!
dot (e. g., first honpgeneously colored circular region or second
honbgeneously colored circular region) ("mddle region”). 25 The brighter
region corresponds to the sclera. For exanple, referring to the i mage 200
of FIG 2) region 240 corresponds to the brighter region. If the region
that surrounds the mddle region is brighter than the m ddle region, then
in action 460, eye detector 106 identifies the 30 red dot as a "red-eye"..
O herwise, if the region that surrounds the mddle region is not brighter
than the m ddl i 9 T~ dim  wke £l P TR B B |
detector 106 dgfi%ﬁ§%2§u%Egﬁntﬁggrgﬁxd%i %ﬁ?ﬁﬁgtaé ﬁ?%é%?%"ge%ﬁqu 1B depicts
i n bl ock di agr Bhef &M erirax @apeéigenbodi nent of eye detector 106 of red-eye
correction device5100. Eye %@%@gggr 106 includes first honogeneous
regiondetector 152 that perforns the actions 410, 420, and 430 of process
400; second honobgeneous wWiegicoardeBeet®HtL 154 t hat perfornms action 440 of
process 400; and brigthgﬁﬁ,detector156 that perfornms action 450 of process
400. 10Nunerous alternatives to process 400 are avail abl e. For exanpl e, one
alternative to process 400 i & degerybed, i nU. S. Patent No. 5,164,992 to
Massachusetts Institute ofTeﬁpgokgg l+i/vhich is incorporated by reference
herein inits entirety. 15After repeatTng process 400 for all red dots
Wi thint he eye detector 106 ideetefies all red-eyes e 110 a i, mgw thin the
image 110 to the red-eye renpver 108. Asuitabl e magner that eye detector
106 identifies red-eyesto théxﬁedyggea?%HHV%Pp?@g - by OVItRnTGates
{53e20coordimates of each pixelf whehboumdiefiepe B 3hdt Bee CEM LD Rat es
(X*, y*) of the first honpgeneously_ coloredcircular region (e.g., pupil or
an iris), and 3) a ray r*deffnpﬁ6(¥%ex%adﬁﬁ9 GPc Hé FiTsE (vl ené%ﬂély
coloredcircul ar region. The red-eye renover 108 further receives25the inmage
110 fromthe storage nmedium 102. FIG 5 depicts a suitable process 500
perfornmed by thered-eye renpV&F 188! f3F€ clots dOMCAg T LHBE % of each red-1n
action 510 of process 500, theok8SngYEs SN LEABaYRgdSsLrEN 185 she col or
of the first honbgeneously col ored30circul ar reqion %I.e., pupil or iris).
One suitabl®techni que to det SPHPHBSE Y CBT 67 "6 (the* | rsN) and yr =
hormogeneousl ycol ored circul akakggh opot hapysurrounds a red-eye is as 10 2
2 ( ~~—~"_~y::,. :1le . follows. The red-eye renover 108 determ nes the
mean col or of all prH@IKSHNHILALEHE ¥ sthehhsgeRedasiiglEerdrard tdier cul ar
region. In thigs,enbadi ment orihe 880 SPIW.df AdebekMbNg el Nl £1IR. 10f ool ors
red, green, and blue (R@). 5 In action 520, the red-eye renover 108
repl aces the rede prerfidmeibbgendenorbeoipondites folloneng extrd ann | nage
110 with the rgspectd vg, hedic9reen, and blue colors of the first
honobgeneously colored circular region. Hereafter nodified i mage" neans the
i mmge 110 having the red eyesnid. bbdidx &8 IDy. acti on 520. In action 530, the
rgd-eye renover 10 t t modi f{ rsi,o f. _Lmag 10 tg, 4 he storage
wedi um 102. FIG 1 Igeag({t?t%gl i@‘r%lob (’)c{ih%id%éécfads% o%re%egkﬁg%x(g%%f‘g?yﬁé;ﬂﬁlg&isnent
of red-eye renbhercd@afty €dasfeegoeniectcicty I5 tdedeteriidie Redheyereenover
108 includes a,co| or. detector _170,that .perfor action 510 .of pr.ocess 500;
and col or repl%c%% P pgpfgpﬁ% %%%Bélme it %o¥h?w¢§;;$¥l§80. 20
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i ONS 0'angd" %39
Sui t abl e pEdcessndtciosmt ey traesuatadl 2 jpr adesslim:accordance with an
enbodi ment of the present invgption isr pr%fented in FIG 6 as process
600. In action 610 of process 660Tlﬁpﬂ¥%f%é? i mge 110 is available in RGB
format. In action 620, rigd 25ndet mimbikeén) tdiel dingict ahxbiRgE) adrel det ect ed
and identified. In action 630, each rgd dot is exam ned, to determ ne
whether it is a red-eye?”ﬁﬁogféﬁﬁﬁa?ﬁ abf i"oESFFEthr6EBEL 400 or its
alternate describedseard ier. In action 640, the color of each red-eye in
image 110 jis repl aced o , _

30 minpixel is a threshold under which the area A is
too small and therefore is accepted as red dot. A

typical value of minpixel is 20;



.30 With the mean color of the first honpgeneously colored circul ar reqhqnfmﬁ.
(i.e., iris or pupil). An exenplary action 640 is process 500 desciibed: i udd
earlier. 11 z z ~~r ;~; Mdifications The above description is included

to illustrate the operation of the preferred enbodi nents and is not neant

to 51limt the scope of the invention. For exanple, non-red col ored-eye

i mage distortions can be nodified. The scope of the invention is to be
limted only by the follow ng clainms. Fromthe above di scussion, many
variations will be apparent to one skilled in the art that would yet be 10
enconpassed by the spirit and scope of the present invention. Wat is

clainmed is: 12 ~~:~2;l~a - 22 ~' CLAIMS 1. A conputer-inpl enmented
nmet hod for identifying BRYPIERRITT fy HEGsBPes, abpee mBtid Eenprrei Agis he

steps of: automati galikkcdgt £&ni-&i N DLLAUBHEL £ 1BanNS g, pregence of a red
colored region; automatically determ ning by conputer nmeans whet her an eye

i mage surrounds t h&XPEgleol BrERLFRgicH: PandLred| &ei My thwrdsirorrofuthe red
col ored region wth;ga.cgkornhof i g d&gi on that immediately surrounds the red
colored region. 2. A conputer-inplenmented nmethod for identifying and
repairing Ped-eyes, themppehBRRCons issithgecheldt wpdenfvhiddt dtwi arag he
presence of a red qql ocgd.reqinia el alThal BooVOSHAL. AN R¥g sLARge
surrounds the red col ored region; and replacing the color of the red

col ored region witmiacenbartofo &0 reagicsd st khtsi heedi a¥ed yimmumiogrdsathe red

b T T
whet her a first homedencous| goewt ditexl compacity; and
{i) 10 minexcentricity is a threshold under which the
area A is rejected because it is too elongated.
Setting minexcentricity to 0 cancels this test.
Setting minexcentricity to 1.0 makes the red dot
detector device 104 very selective about the
15 excentricy.
For a 10 cm by 14.9 cm photograph that includes one or
several persons, typically, minpixel = 40, maxpixel = 1000,
mincompact = 0.3, and minexcentricity = 0.3.
The red dot detector device 104 then identifies all
20 red dots in image 110 to the eye detector 106. An
exemplary manner to identify each red dot is to identify
ij the coordinates of each pixel within a red dot, as well as
the following proprerties of the red dot: 1) compacity C,
2) excentricity E, 3) centroid (xg, vg). and 4) radius rd
25 of the minimum circle which englobes the red dot. The
radiug rd ig the largest distance linking the centroid
{xg,vg) to each point {(xi,yi) within the red dot and is
further defined in the following equation:
rd = max(d{(xg,yg),(xi,yi)})), T =1 to N
30 where the function d() is the euclidean distance

between two points.



.region surrounds the red col ored region; deternining whether a second,ﬁ, N
honogeneously col ored regi on surrounds the first honpgeneously col drdditl &
region; and 13 determ ni ng whether a region brighter than the second
honbgeneously col ored regi on” surrounds the second honogeneously col ored
region. 3. The nmethod of Caim2, wherein the step of replacing conprises
the substeps of: determning the color of the first honbgeneously col ored
region; and replacing the color of the red colored region with the col or of
the first honpgeneously colored region. 4. The nmethod of Claim 2, wherein
the step of determ ning whether a first honobgeneously col ored region
surrounds the ol.or regi an nprises th steps_of: _determning a
center of theT$§% %E#%Léﬁ%%%ﬁ% gﬁ;ggﬁdeﬁa@%ﬁﬁfﬁb%gg'lgasfe%ﬁ%%fay fromthe
center to detéehemeomhiihiere ttid fdestihirgentassky 200k0red IEQDRO
surrounds theergddgggqged]kﬁgion. 5. The method of Caim2, wherein the
step of detern¥ning whether °a second honogeneousl y col ored regi on surrounds
the first honpgenebws|detcaltared0segeodc €O PIEtIRS bhehsgéét@@§ of : .
determning a,center. of .the. firs onogeneousl y. col ored regi on; an
extendi ng at I gngéﬁﬁigﬁy%beﬁﬁéhgoEe etC S FﬁglFPr§?4hbgdﬂgﬂﬁdﬂ§&y

col ored regi oantDosked e¥idHie: whebher ihige seqnd shoraseaegustya&ol ored region
surrounds the first Q?qggeneo sly colored region. 14

performe eve deteéctor 106 to determine whether a red
dot is spatially enclosed within an eye image is described
with respect to process 400 of FIG. 4. Process 400 is

(j) 10 repeated for each red dot. .

In action 410 of process 400, the eye detector 106
extends a ray from the centroid (xg, yg) to determine
whether a first homogeneously colored circular region
encapsulategs the red dot. In one embodiment, the first

I5 Thomogeneously colored circular region corresponds to the
pupil. For example, referring to the image 200 of FIG. 2,
region 220 corresponds to a first homogeneously colored
circular region. If a first homogeneously colored circular
region encapsulates the red dot, then in action 420, the

20 eye detector 106 locates the center of the first

homogeneously colored circular region (x*, y*). For

£
R

example, referring to the image 200 of FIG. 2, point 225
corresponds to the center of the first homogeneously
colored circular region. Otherwise, the eye detector 106
25 determines that the red dot is not a “red-eye”.
In action 430, the eye detector 106 determines whethexr
to locate a second homogeneously colored circular region.
In this embodiment, the eye detector 106 locates a second
homogeneously colored circular region by examining the size
30 of the red dot. If the size of the red dot is sufficiently
small, the eye detector 106 presumes that the first

homogeneously colored circular region does not correspond



err’~t,~",~ 2 ~. ~3J . V47 6. The nethod of Caimb5, further co rL§ing:
extending at |east one ray fromthe center of the first honngenedh | yz £ 2804
colored region to deternm ne whether a region brighter than the second
honbgeneously col ored region surrounds the second honpgeneously col ored
region. 7. A conputer-inplenented method for identifying and repairing
red-eyes, the nethod conprising the steps of: determ ning the presence of a
red col ored region; determ ning whether an eye inage surrounds the red

col ored region; and replacing the color of the red colored region with a
color of a region that imediately surrounds the red col ored region;
wherein the red colored region is circularly shaped. 8. A
conputer-inp”éhéhﬁ@@lﬁe%ﬁ®@ﬁfhﬁmﬁn%hﬁbﬁypnglhndllbpaﬂr&mgrfedleygs, fhe .
met hod conpr iy h s [ -0L0g e:presence of ar col ore

r egi on; d(rart)er%(:‘nni%r“i’téa \%ﬁg%ﬁg?r g\%e?/l?e?lrtfa%ggguﬁ%ufn < (F%\némro«?&ngﬁlgﬁ%d regi on;
and repl aci nFaleeecokdrceiar heegisth esl enedriegmuh middeegisc@borcoioa regi on

t hat i nmedi at s t r | gred r.egion; erein e step of
deternining.ﬁ%t%he?E%%yﬂgieiEggéggh%gggn g %%% T € &Fe&u%géFbﬁn ri ses
t he subst éps lofrod Suchlay: It tideteorampiiengf WABS hex, atd st Hegegeseous|y

Fegi on bri ghta® tRSALRLet; Faf Thai0gBRaoas o Col bt 68 GArEurfounds the
first honpgensmisiny asokopent ¥ egidoproBeedbetoeddiibrofs4@.ai m 8, wherein the
step of determi i wether, & Fiuil QTBIENEOYS! Yo Solled F egion, surrounds
homogeneously colored circular region by extending a second
{j} 10 ray from the center (x*, v*) of the first homogeneously
colored circular region. The second homogeneously colored
circular region corresponds to an iris. For example,
referring to the image 200 of FIG. 2, region 230
corresponds to a second homogeneously colored circular
15 region. If such second homogeneously colored circular
region is located, then action 450 follows.
In action 450, the eye detector 106 extends the second
ray from the center (x*, y*) of the first homogeneously
colored circular region or from the edge of the first
20 homogeneously colored circular region (action 440) to
locate a region that is brighter than the homogeneously
ih) colored region outmost from the red dot (e.g., first
homogeneously colored circular region or gecond
homogeneocusly colored circular region) (“middle region”).
25 The brighter region corresponds to the sclera. For
example, referring to the image 200 of FIG. 2, region 240
corresponds to the brighter region. If the region that
surrounds the middle region is brighter than the middle
region, then in action 460, eye detector 106 identifies the
30 red dot as a “red-eye”.
Ctherwise, if the region that surrounds the middle

region is not brighter than the middle region, then eye



.col 6red region conprises the substeps of: determining a center of the red
colored region; and extending at |east one ray fromthe center to d@tkdihéfls
whet her the first honbgeneously col ored regi on surrounds the red col ored
region. 10. A conputer-inplenented nethod for diagnosing and repairing
red-eyes in.an inmage, the nmethod conprising the steps of: determ ning the
presence of a red colored region; determ ning whether a first honbgeneously
col ored regi on surrounds the red col ored regi on; determ ning whether a
region brighter than the first honobgeneously col ored regi on surrounds the
first honogeneously colored region; determ ning the col or Qfe%bé first
homogeneousfigtediat dd6r 8gteringRl Tt &g ethECtot Br*Vt & hé SFed col or ed
regi on mﬁthﬁ%Qe color of the first honmogeneously col ored region. 16 ?f ~1 ~
s, 11. The method of daim 10, wherein the red %olored regian is circularly
shaped. 12. The ¥&¥ hd® stepdrapninobleferBiag ehle PP st™ HoHogeriédusl y col ored
region is ag@({;%lsm%r{@g)q_: b2 abbecPBE hosk ofr Geal-Byd0coxheseion tdeericegi on
bri ghter than e Tirst honogeneously colored region is a sclera image. 14.
A conput®r $9e6t enEwelabttertioar 106cheeheend irsdi POPAGERSPRYSHE W a first
i mage, the Le 18109 I14msf @R oSt 020 Ngaddel I st | mage
that includ éggpgégog%% éﬁ? Efgfggg%a%ﬁ%qggg%ﬁka e;$a reg dot _detector
coupl ed to pbecstsraye; nediond horogererys rpins %ﬁﬁ@FtPﬁab%‘lffrhcﬂﬁ t he
storage nedi um.and for_aut onatiga egtd n CO AL 8k s NBahs: Hdie
presence of PERECFEY %ﬁﬁl%ﬁtqﬁhogh%E¥F€§% ?%%ggugﬁg fg? i dentifying the red
dot; an eye 166t enkorpenimined aaribhe4pBdofiarrarasectddf -f or receiving the
identified red dot fromt red,dot. _dete forauLopnideed | y

tern #Png by cgﬁﬁﬁf%?sﬁggﬁ?xltéy 3r€%h £§%? dg¥nfgr%ositioned within an
@e i mge and:f ekafplputshagttwenagdati bn pfocdrs ridd det ABBSTEPYhEd wi t hi n
the eye image; and a red-eye r r.co tgg for
recei vi ng tﬁbSPOESFFBH %?'t%é“%ggﬁgofgpgg%??%ﬁéﬁ%%?%ﬁ%%tgﬁgegyelinage and
for replaci ngdhe1660rwefcid7is incorporated by reference herein in

its entirety.

15 After repeating process 400 for all red dots within
image 110, the eye detector 106 identifies all red-eyes
within the image 110 to the red-eye remover 108. A
suitable manner that eye detector 106 identifies red-eyes
to the red-eye remover 108 is by providing: 1) the

20 coordinates of each pixel within a red-eye, 2) the center -

coordinates (x*, y*) of the first homogeneously colored

TN

') circular region (e.g., pupil or an iris), and 3) a ray r*

e
/!
{

defining the radius of the first homogeneously colored
circular region. The red-eye remover 108 further receives
25 the image 110 from the storage medium 102.

FIG. 5 depicts a suitable process 500 performed by the
red-eye remover 108 for correcting the color of each red-
eye. In action 510 of process 500, the red-eye remover 108
determines the color of the first homogeneously colored

30 circular region (i.e., pupil or iris). One suitable
technique to determine the color of the first homogeneously

colored circular region that surrounds a red-eye 1is as

10



2 2’ e~C 2~~4 the red dot positioned within the eye |nage with the_col or gf
the region that imediately surrounds the red dot. 15. A conputer Eﬁh*ém et
adapted for locating and nodifying a red eye in a first imge, the system
conprising: a storage nmediumfor storing the first imge that includes a
red dot and at | east one eye inmage a red dot detector coupled to the
storage nediumfor receiving the first image fromthe storage nedi um and
for detecting the presence of the red dot within the first image and for
identifying the red dot; an eye detector coupled to the red dot detector
for receiving the identified red dot fromthe red dot .detector and for

det er mi ni ng Mbbidres. t e agddeyei sepossn |1@r$eéeﬁﬁrﬁme%ntl@§/é“9%§@18ﬁd for
outputting the éPfg% ;éﬁl %J;H@  efle At NOSickiog! gﬁgo%w'@oi%cﬁye i mage; and
a red-eye renover coupled to i he eye detector "for receiving the | ocation of
the red dot st¢mlanuﬂtgmomh|nInhehéyeﬂﬁnﬁgeEaﬁd tbe vephaetiry tise col or of
the red dot i.one t he_g8l @f region
t hat innediaggﬁéégﬁg¥gu2%§%%ﬁe Egdg%ﬁéé mhere?%gﬁ e %ye %F%ec or ‘conpri ses:
18 22~~5~~[heaat iwdH2® ,f chedetérayairmgroveet A6 aeplases homgeEtbous! y

col ored region surroun the red dot far t whet her
a region br| ﬁ?%r tHa q@h Fﬁg ﬁ°%%%§%g€h§ﬁ§%§o|6?§d gggﬁgggs rounds the
first honogemneousiyh ctﬁieorr@(ipleegimﬁ mdén rEie goepot eanéylslwnc;ﬁl@salom 15
g’][‘e{ ﬁg”fffgtrﬁd Y& IRV 23R SEST 0 A d Y G160 8T §L M AL LAG COl o

"modified image” means the image 110 having the red-eyes

10 modified by action 520. In action 530, the red-eye remover
{i) 108 storeg the modified version of image 110 to the storage
medium 102.
FIG. 1C depicts in block diagram form an exemplary
embodiment of red-eye remover 108 of red-eve correction
15 devicezloo. Red-eye remover 108 includes a color detector
170 that performs action 510 of process 500; and color

replacer 172 that performs actions 520 and 530 of process

500.
20 Suitable process
Accordingly, a suitable process in accordance with an
;i) embodiment of the present invention is represented in FIG.

6 as process 600. In action 610 of process 600, a digital
image 110 is available in RGB format. In action 620, red

25 dots within the digital image are detected and identified.
In action 630, each red dot is examined to determine
whether it is a red-eye. BAn exemplary action 630 is
prdcess 400 or its alternate described earlier. In action
640, the color of each red-eye in image 110 is replaced

30 with the mean color of the first homogeneously colored
circular region (i.e., iris or pupil). An exemplary action

640 is process 500 described earlier.

11
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. honbgeneously col ored region; and a nodul e for replacing the color 22 \JW
red dot with the color of the first honbgeneously col ored region: KEL i
conput er system adapted for locating and nodifying a red eye in a first
i mge, the systemconprising:, a storage nediumfor storing the first inmage
that includes a red dot and at | east one eye imge; a red dot detector
coupled to the storage nediumfor receiving the first inmage fromthe
storage nedium and for detecting the presence of the red dot within the
first image and for identifying the red dot; an eye detector coupled to the
red dot detector for receiving the identified red dot fromthe red dot
detector and for determ ning whether the red dot is positioned within an
eye inmage an £ ing 19 2 2 ;~~.~a 2u~', the location of the red
dot positioned wi tg{d éﬂ&e«eem@sbfrﬁg@m@% qxfcqqd@metaeﬂpysétfaoeepl&@ to the
eye detector for receiving the location of the red dot positioned wthin
the eye |nageOEﬁﬁPWkﬁﬂ-ﬂéplﬁ@lEgefﬁmﬁ%QHQWbQﬂim@ﬁésréaddb¥ Bfs ingagifedowi t hi n
the eye immge;whih the £ar o@f chhe: g Rt ha&:omﬁg@gl SHrtpunds the
red dot; wherein the eye detector conprises: eternlnlng
whether a firselemrbgeiredisby dosepedioneyicon Ser modhlsed he Tled sioe a
modul e for detger s er .a QUIRg usly I on
surrounds the |€%§ q%ﬁ%%%%@o%§|§§§%?gg%§'reg§§§9 B%dtggn%dfﬂm£¢¥#
det er mi ni ng whttires. a Fuogi ¢hebebghe edishmsitne seopndahoapisneoudlly beol or ed
region surroungds, Lhe. second Dempgencgisly, calorgd T 60 08: 4B plhe computer
systemof C a 7 erein the re -eye renover conprises:” a nodul e for
det er m ni Hy t éecogarsagt Myhéhki sstirhorogereops] pfcoherpdesagi on; and

(i) invention.

What is claimed is:

12



a modul e for replacing the color of the red dot with the color ofp phg:fi Pk
- henogeneously col ored region. 20 n; S~~~ LUL: 1 19. A conputer-readabl e
«.mediumthat | ocates and nodifies a red eye in an inage, the

conput er -r eadabl e medi um conpri si hg: an imge including a red dot; a code
segnent for determ ning whether a first honogeneously col ored region
surrounds the red dot; a code segnent for determ ning whether a region
brighter than the first honogeneously col ored region surrounds the first
honbgeneously col ored region; a code segnent for determ ning the col or of
the first honogeneously col ored regi &&2¥8d a code segnent for replacing
the color, of e el Ml aohoin] 41 shbet DRTPIsnPously golored
u. A Au. Ave, AK<, A(Y AL ALY AC. A (VALY Arv. ACL AT ACA< A+<* /BFY_d

{vgje [V] Al e(:Sai] 521\%[}1“%1’“‘% cé:aﬁ%“%[t&g é% @é csa%e@asj gg]ba] caljcalca Uc”ta Uc"a
U c”aU] ca]ca]ca U ¢t A - ] -

<|suvl ~. Q~ytoje [ (L:%]e)l ?:%%:% c}giﬁ%]%?g%g%f%a%%%éngfgg crg E(l:Izl;l ctz;]eca] caljc a]ca
U c”a] ca U c”a] ca] calisalealkeabeal calsalaalkeal saftad ] vkX

PITW" """ 0" " 0" ##&&&&&&' {vgl ga\W ] calc aUc a]c

a] ca] ca] ca] ca] ca] cahednitatdrial crlceahtnl cqliwa]waboakeaheal £ alinajea] ea] cal ca
J]caljcalcalcalcal "\" " &I (}((();

)Jd))*S*t++,7,k,,,,, eydGlmage. sVt Fxenid tBe] cpdadebdca] calgdahcabknd] ca] cal cal
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! V/ 0x00
1N1111*2d223L3@8\ 3 r306781 889905 cpler<o @ Fhe ahlcelpvidayead waWjidd] eal] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca! >>1A7ALAQASAAC BIBEREPEFBCEEZHHH O3 Frreit 99 uFreRBIp Ve et ra) ¢
a] caU] ca] ca] ca] ca] ca] ca] calca] ca] c”a] c"a] ca] ca] ca] ca] ca] ca] c”a]ca] ca] ca] ca]
cal] ca] c$a] ca] caV] ca S5 rL'gl‘Ln'

9Ji JJJJ' K\ KI KKL>L . : . i-d.Z] c . ajcalc
a] ca] ca] (I%] cai%eﬁ%%]%%%%%@%%a gg%g?c%%%%gﬁ%géf?gé}’cé %Zﬂ%e&%{%ﬁ%}‘@a} ca} C
a] ca] ca! CRYPIRRRPO QOO RRRRRRRRRRRRSF SWSSSMI LETzupkf al W1 ca] ca] ca] ca] ca
]ca]calcaJcaUc ajc aUc aJc aUc ajcalc A

a] ca] ca] ca] ca] ca] cajeal-nahead cale d-eakaal caf caler] eah dFWHAINGY] VWWWWFWL
WIWAWAKT XgXXXYFYuYYZBZt ZZZ{vql gb] X] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca determining whether an eye image surrounds the red

colored region; and
replacing the color of the red colored region with a
color of a region that immediately surrounds the red
colored region; wherein
the step of determining whether an eye image surrounds
the red colored regicn comprises the substeps of:
determining whether a first homogeneously colored
region surrounds the red colored region;
determining whether a second homogeneously colored
region surrounds the first homogeneously colered

reglon; and

13
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. a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal Z[ ! [RF[[[[[\.\]\\]hP] FRA~2834
L aEaraaab}xsnid _Z]]]]ca]ca]ca] ca]ca]ca]ca]ca]c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca] ca]ca]ca]ca]lca]calca]calcalb
9bnbbbc: cl ccccddddeBeKe~eeef ' f W yf f f #gQyggghNh} xsnid_Z]]]] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Nnhhhi Ki QG biiiijjj"k, kVkkkkl <111 m
Crr mQXrmmm} xr nhc“YPF%FE’&}%Jé]%éﬂh@éPéélﬂl cefEdc Fréapear ce)am]tdy] ca] ca] cal ca

' nSn,
bBox0000' k. KVKKKKI <1 1 1SR HORRATAN AHe <01 P e P FEaF AU 8] ca] ca

Ccaj Cal Cal CajCal Cal Ca]cCcalcal.C cajcal cal.cal C calCal cal Cal Ca) Cal Caj Ca|Ca
R oo (o 5 bt LSk E R RSP L O TR ool SRl eto R Col o) ol ol
V10% ()-=FYv_~\:1i!=0409%T& ()-Cli!=040%q& ()-C
| 109GHT&) - | BAYTRE ) ob LOYFE a6 h 5 MRGFTR ( khe 805 HA Qoih akQT 10T
10TL<t 1096°& ()-TNJ 109%66& ()-!8/J 109%& ()- 8/J
10%J&' () comptO @& (e BIHst@bs! oByi ! 10%=& ()-g! 3yi ! 10%66& ()-g
10947& ()-: 10907& ()-VI' +10% ' .' & ()-!%+10%.99%& ()- '}[:QF. U3"!10%

& ()-1C 109& () -z! G109 ninz tWE 0PGBS the P1OSH &AdNodkdBas(y- s Hz XOQF;
9P4

10947&' ()-! G3+! 109&' ( Fopbesd! 1apign;) apd) 10947& ()-!3"1 109 ()-!3"! 109 T& ()-5
789:; xbC=1094& ()- 10T 10T 10T3; S109& ()- 9810%4& () - 9Y71094& (2}- 5-

1099&' () - ; <a?nbCl | ReRDRENY) tRepPge 10w { Lirgredogrli¢yed regu@R Fith the
V10%TAS ()-]: 10908 ()-WKLOROC! | & 10%& ()-&l & 109& ()-&& |1 & 10%: ()-8l & 10
0 ()-&&' 11 & 109 () CLRECPR i 1igod: E‘%’-%ﬁ%‘w&y( %29&8‘-’?@@%’%'()- &l & 10%
& () - &&

MNO Q4C! 1,8 1O%R..()=&& 11 & 1QUR ()- &1 & L0V, () = &&- 11 & 109 ()& | & 10%& () -
&OROC! | 83"10%@%8 2“§J@§¢C?Locosg/f«&' Q-%m&%f ﬁ&ﬁ%oeg}% q(%)h . éﬁ%éﬁo%/g- %Q-%ﬁ&ﬁgglow () - 594239
tR CL& ! LGEOUR ) r&)& BOMR GehoBlis | ¥ &I A ho8h & LOYE: (ol 8 Fbki Q4C! | &
1098 ()-&& 1 & 109& ()-& | & T0% ()-&& 'l & 109 ()-& | & 109%& () - &ROC! | & 10
%8 () - & &chOU&H( Fedlon | &R ek) tR: &5 IR ) o&& | & 10%& ()-&OItR C & '1&'1
098 ()-& & 10%&' ()-&& !1& 10%&' ()-& & 109%&' ()-&& 12efii QUC | & 109& ()- &&' ! |
& 100& ()-& | & 108etrgifiilno®al 0B ¢y -&F t&icl 0%E' (1RO Cdo8ot0%EhE) - & & 10%
& ()-&& 11& 10%& ()-& & 109%& ()-&&' !l & 109 ()-& IM{tR C1 & Il & 10%& ()-& &
"1008' () - && ! & 109RLENdiGIR ALOURREY - BB {apYELOPPEDS, @efjento determine
vP+10% & ()-=10(, 10(, 10(, i <t 10%, & (%7- 9p10%, & ()-1& 109%& ()-&s|[:zY8!
&10%*& ()-\ &10% & (Pether 1506 re Peme PSR ToHE OLOTeR I & ()-  $3Y
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extending at least one ray from the center of the first
homogeneously colored region to determine whether
the second homogeneously colored region surrounds .

the first homogeneously colored region.
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e

the step of determining whether an eye image surrounds

the red colored region comprises the substeps of:
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&

region surrounds the red colored region; and
determining whether a region brighter than the first
homogeneously colored region surrounds the first

homogehecusly colored region.

9. The method of Claim 8, wherein the step of determining
whether a first homogeneously colored region surrounds the red
colored region comprises the substeps of:
determining a center of the red colored region; and
extending at least one ray from the center to determine
whether the first homogeneously ceolored region
surrounds the red colored region,
10, A compuier-implemented method for diagnosing and repairing
red-eyes in.an image, the method comprising the steps of:
determining the presence of a red colored region;
determining whether a first homogeneously colored
region surrounds the red colored.region;
determining whether a region brighter than the first
homogeneously colored region surrounds the first
homogeneously colored region;
determining the color of the first homogeneously
colored region; and
replacing the color of the red colored region with the

color of the first homogeneocusly colored region.
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first homogeneously colored region is a sclera image.
14. A computer system adapted for locating and modifving a red-
eye in a first image, the system comprising:
a storage medium for storing the first image that
includes a red dot and at least one eye image;
a red dot detector coupled to the storage medium for
receiving the first image from the storage medium
.and for automatically deitecting by computer means
the presence of the red dot within the first image
and for identifying the red dot;
an eye detector coupled to the red dot detector for
receiving the identified red dot from the red dot
detector and for automatically determining by
computer means whether the red dot is positioned
within an eye image and for outputting the location
of the red dot pésitioned within the éye image; and
a red-eye remover coupled to the eye detector for

receiving the lccation of the red dot positioned

within the eye image and for replacing the color of
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the red dot positioned within the eye image with the

color of the region that immediately surrounds the

red dot.

15. A computer system adapted for locating and medifving a red-
eye in a first image, the system comprising:

a storage medium for storing the first image that
includes a red dot and at least one eye image;

a red dot detector coupled to the storage medium for
receiving the first image from the storage medium
and for detecting the presence of the red dot within
the first image and for ldentifving the red dot;

an eye detector coupled to the red dot detector for
receiving the identified red dot from the red dot

detector and for determining whether the red dot is
positioned within an eye image énd for outputting
the location of the red dot positioned within the
eye image; and

a red-eye remover coupled to the eye detector for
receiving the location of the red dot positioned
within the eye image and for replacing the color cof
the red dot positioned within the eye image with the
color of the region that immediately surrounds the
red dot; wherein

the eye detector comprises:
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homogeneously colored region surrounds the red
dot; and
a module for determining whether a region brighter
than the first homogeneously colored region
surrounds the first homogeneously colored region.
16, The computer system of Claim 15 wherein the red-eye remover
comprises:
a module for determining the color of the first
homogeneously colored region; and
a module for replacing the color of the red dot with

the color of the first homogenecusly colored reglon.

17. A computer system adapted for locating and.modifying a red-
eye in a Ffirst image, the system comprising:.

a storage medium for storing the first image that
includes a red dof and at least one eye image;

a red dot detector coupled to the storage medium for
receiving the first image from the storage medium
and for detecting the presence of the red dot within
the first image and for identifying the red dot;

an eye detector coupled to the red dot detector for
receiving the identified red dot from the red dot
detector and for determining whether the red dot is

positioned within an eye image and for outputting
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the location of the red dot positioned within the
eye image; and

a red-eye remover coupled toc the eye detector for
receiving the location of the red dot positioned
within the eye image and for replacing the color of
the red dot positioned within the eye image with the
color of the region that immediately surrounds the
red dot; wherein

the eye detector comprises:

a module for determining whether a first
homogeneously colored region surrounds the red
dot;

a module for determining whether a second
homogeneously colored region surrounds the first
homogeneously colored region; and

a module for determining‘whether a region brighter
than the second homogeneously colored region
surrounds the second hdmogeneously colored region.

18. The computer system of Claim 17 wherein the red-eye remover
comprises:
é module for determining the color of the first
homogeneously colored region; and
a module for replacing the color of the red dot with

the color of the first homogeneously colored region.
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surrounds the first homogeneously colored region;
a code segment for determining the color of the first
homogeneously colored region; and
a code segment for replacing the color of the red dot

with the color of the first homogeneously colored

region.
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