2 AUG 2006 WD 03/071484 PCT/ GB03/ 00004 DETECTI ON AND CORRECTI ON OF RED- EYE
FEATURES IN DIGTAL |IMAGES This invention relates to the det dAT@H0ANd
correcti o &o7ied-eye in digital inmages. 5 The phenonen@cTaiBosRWILye in
phot ographs is well-known. Wien a flash is used to illum nate a person (or
animal), the light is often reflected directly fromthe subject's retina
back into the canera. This causes the subject's eyes to appear red when the
phot ogr aph PETECTPONyANDOCORRECENON OF REDtBYEHRATHRES INPKAIAdgl y st or ed
as digital inages, typically as -ar m‘g(;ﬁg pi xel s, where each pixel is
normal ly represented by a 24-bit v - 1he col our of each pixel may be
encoded within the 24-bit value as three 8-bit val ues representing the
intensity of red, green and blue for that pixe|l. Alternatively, the array
of pi xel s Thighnvsatiaretatesia therdetegtionandrarreeting ofdedseye ip ffaié! B sts of three
8-bit gal ues representing "hue", "saturation"” and "lightness". Hue
provides a "circular" scale defining the colour, so that O represents red,
with the Ght phenopmash pf rédeseuighpbgtogephamwbil-nows. (Whenvafladh isiused &ases,

back to red at 255. Saturat.io rqvi des neas . 0f the
i nt ensi t y IBFIPHE 2d5F90(OF FIRE f&gglghﬁlglst PHG ?Cl'!{dlegﬁcﬁggﬁs&%gh% S%lgjl@sﬁe%n as a
measur e (&R palk Ghtb Ghe eiherdf THie cakBuIe wbject’s eydsnat dppear rePwhet thol ours
have a |ightness value half way between black (0) and white (255). For
exanpl e pwhetogaph isiisplaygd ar préded-nt ensity of 255 and green and bl ue
inteni'bti es of 0) has a hue of 0, a lightness of 128 and a saturation of
255. i ghtness of 255 will lead to a "white" colour. Throughout this
docunent , Phbvegraphahwemcmasingly \siored @8 digitabimagesatywpicatly on arand of Pixght ness”

they refer .to the scales as.. 25 defin i hi a r A pul ati on
of these dff§r% %ﬂ"ﬁipﬁﬁgéssﬂ?f{nallg TepseSntstt ggtaoﬁ'%iéhglggt rr;\[ggeog @g%%ugéfag red- eye.
Sof twar e whiyCht @Rbdedr wmBhih ihes24-88 kalus avwtirke $-bitwalueaneprgemtenpaht intemsitks by
altering the pixels of a red-eye feature sqQ t]ha their red ontegt is
reduced - afrredt Beeen e dalue dox st BIvPit hEHPRUECLY s T etithdr B PPESs e d®

Nor malylsy thevear&s b B RBLRAEKaIs cOalsk o iﬁi/ee'dS'lﬁitt Q’Q];ﬂes Mpsdsedting - eye’,

reduction software requires the centre and radi us of each red-eye feature
which is t'sathetionininguflightmtss”andue providenpl ‘sheviagyscels dsfiipgdbe eplpdr, so

I nformati Qcﬁati ¢ rép%se&s red, with the colour passing through green and blue as the value
increases, back to red at 255. Saturation provides a measure (from 0 to 255) of the
intensity of the colour identified by the hue. Lightness can be seen as a measure (ffom

20 0 to 255) of the amount of illumination. “Pure” colours have a lightness value half way
between black (0) and white (255). For example pure red (having a red intensity of 255
and green and blue intensities of 0) has a hue 0f 0, a lightness of 128 and a saturation of
255. A lightness of 255 will lead to a “white” colour. Throughout this document, when
values are given for “hue”, “saturation” and “lighmess” they refer to the scales as

25  defined in this paragraph.

By manipulation of these digital images it is pessible to reduce the effects of red-eye.
Software which performs this task is well known, and generally works by altering the
pixels of a red-eye feature so that their red content is reduced — in other words so that

30 their hue is rendered less red. Normally :they are left as black or dark grey instead.

Most red-eye reduction software requirés the centre and radius of each red-eye feature

which is to be manipulated, and the simplest way to provide this information is for a




2 AUG 2006 WO 03/071484 PCT/ GB03/00004 2 wuser to select the central pixel
of each red-eye feature and indicate the radius of the red pariAdGeae

process g¢an be perfornmed for each red-eye feature, and tfer,gBdioBshat i on -
t her ef or&"ﬂgz’sfmﬁ‘gﬁeffect on the rest of the image. However, this requires

considerable input fromthe user, and it is difficult to pinpoint the
preci se centre of each red-eye 5 feature, and to select the correct radius.

Anot her cq '[%Et ﬁll%q:eﬁtﬁal %8{31 bP&icH$ed- e)t(é)feaﬂf@éﬁ{deh&l@é{c Hequmds bh@eiredl area.

This is rec even nore difficult to accuratel mar k t he
feature. ﬂ'dmer’ﬂns §rdcba3r®hdreepafmd foo epcheradidyy feaivenand g mynigvlald® of a

digital im whi ch,. red- .10 ey educti I I S8 t hat
red- eye r@ﬁ%g‘frfa B%r‘??fﬁ%t BT sg grﬁw 1R rgﬁ?\?%?stglﬁle}e%ﬁlgp Cb er Wi t hout
the interygnt hom OF s8¢ alé@r 1sQﬁfﬁMuttIto rpiipoimt| thel pescise mbmrweﬁeachrred -eThe

present invention recognises that a typical red-eye e s not sinply a
regi orb of feafuse) gudxta|sslectathe \cored ragigy.- e"?@%éﬂ%@ﬂd&ﬁ%ﬂa %Fé ¥ Pl (hdes a

bright sp f t I b Ghéveh sk tdiicirant of the
eye. Thesg}aﬁf?%afq%&éd?%ﬁeg %ﬁ%&r@ﬂ%ﬁe&ﬁﬁ%&l ﬁt&sg 't highlights in the

i mge canadmrdtdgataeldthelfmumed eyes are much easier to identify
automatically. Hi ghlights are usually |ocated near the centre of red-eye
features, although sonetinmes they lie off-centre, and occasionally at the
edge. 20 iRefehetemifdrewineed Badetifphimatitallyidrdas béa diztielristgoth Whigh radef er ences

to rows of pixels are intended tq |ncI ude ums_of hat
ref er é@lceﬁyft ﬁdﬁmﬁ@rﬂ?ﬂ’t‘ d|berappligre ¢ fhyh rec %ﬂe&ﬁé“‘ L%\Baq be ?P% 18??8@3 Wa}ber? cl ude

movenent gﬁﬂ@ vﬁ{hg hE it Btion UFehe hef drRvith @ihsmalheédinterventight ", " up”
and "dovvn peﬁ ent | re on the co-ordinate system used. 25 In

accordance with one aspect of the. present invention there is provi ded a

net hod of ,_ detecti.ng r.ed- Eom;y i14¥9
i denti fyi TGRS R % uP%@?%gmge%%# ?Ffﬁglglgd %ggfetﬁgﬁepilsgggs Wit h ot d79
substant i abd yideRd Ahtypicanebdhiyghfestusatsmaty iatso jacldddsi zglhtlg@s@w&w}eé bhan

pi xel s in the regions_therearou ddet m
hi ghl #§ht reldentign o€ € dher Rashlghd %H‘ﬁaﬁ?n?{  P&d 13%9 Q‘?égfmgta%n %aa s of
futher sel«gghiigfser ifth8fHBhts in the image can be located then red-eyes are much easier to

identify automatically. Highlights are usually located near the centre of ‘red-eye

features, although sometimes they lic off- centre, and occasionally at the edge.

20 In the following description it will be understood that references to rows of pixels are
intended to include columns of pixels, and that references to movement left and right
along rows is intended to include movement up and down along columns, The

definitions “left”, “right”, “up” and “down” depend entirely on the co-ordinate system

used.
25 ‘
In accordance with one aspect of the present invention there is provided a method of
detecting red-.eye features in a digital image, comprising:
identifying highlight regions of the image having pixels with a substantially red
hue and higher saturation and lightness values than pixels in the regions therearound;
30 and

determining whether each highlight region cotresponds to part of a red-eye

feature on the basis of further selection criteria.




2 AUG 2006 WD 03/071484 PCUGB03/00004 3 A ~red"hue in Us context may nean
that the hue is above about 210 or bel ow about 10. This has theAGG2et age
that the saturation/lightness contrast between highlight,segkMRens® and the
area sur oA hem i's nuch nore marked than the col ourél?or "hue")
contrast between the red part of a rged-eye feature and the skin tones
surrounding it. Furthernore, colour is encoded at a | ow resolution for

RNy i mge compression.f grnal hiYis U5b b3 At 20 R Ibw
| i ght ness andnﬁuﬁ@&ﬂ@%@?%&?ﬁaﬁﬁﬁ&rﬁﬁgﬁs ilf Is easier toidentify
regi ons Whelo10m ght correspond to red-eye features. 10 Not all highlights

will be clear, easily identifiable, bright spots neasuring many pixels
across in the centre of the subject's eye. In sonme cases, especially if the

subj ect i L300 tJiEhAAEE thi A shhfatoaNBhtiess RBirhitghlwghthighighbegonty a few
pi xel s, or even less than one pixel, acrgss. In su$h casgs,,.t he_whiteness

of theShi ghd fhghteacanowiding Gemiemushimere matked thag the foloyidQievhuE™) PRI st | |

possi ble to search far teni St &880 Uhat hRn gaRdidntghR6sSling B Of i | es”
of such hiPEHEFYNPE. " np%gg%fﬁgaﬁege wfeﬁ anot her agpect of the pr Ssent

i nvent i on FuhRémiots cplbowvis dacbdad met ledemluticadbempizhipage gorpeshanionreds in a

digital image, conprising: 20 identifyin il reagions.i he L gage, a
pupi | regi Mﬁspﬁd@gﬁ SF‘T“F@P“S@\%WK%? %ﬁﬁg%g%eglgﬁ %C%eﬁ%‘:@édf%reg?ﬁgdge of
the pupil f&giQMaaRREERhIFhicR Rfgkticofftspendtocel sybfdiong. a hi gher saturation

t han pi xels I mredi ately outside the pupil region; a second saturation peak
adj acdfit a second edge of the pupil region 25 conprising one or nore

pi xel s hayj Il M | Oy, iPibielbsioht dhadseliye P e bitelst he
pupi | regi\i\gog;%llglﬁ%\hgﬂsa‘ﬁlﬁ%%%’ %rg%%%ﬂ%ﬂgﬁ\éengt hgepa_fﬁi rst angd.se)zgnd
sat ur at i omchRaksthe tértre of ataubjecOnester dugime oasps, icsnesigLlys Hethe Fubigst B BMRel s

having a | gwer saturation than. .th I X i o
saturati orfﬁfﬁ%%f’ﬁ A %ﬁe@eﬁﬁmﬂgﬁ%@aﬁéﬁﬂg% %‘ggﬁ’&%g F@E{ﬁg%sl%g%glgg}er esponds
to part ofpigell ffoRY onf ok Yass, 08 villkendiawifshohighlightivan dletetbe irahotthct eri a.

15  pupil. However, it is still possible to search for characteristic saturation and lightness

“profiles” of such highlights.

In accordance with another aspect of the present invention there is provided a method of
detecting red-eye features in a digital image, comprising:
20 - identifying pupil regions in the image, a pupil region comprising:

a first saturation peak adjacent a first edge of the pupil region comprising
one or more pixels having a higher saturation than pixels immediately outside
the pupil region;

a second saturation peak adjacent a second edge of the pupil region

25 comprising one or more pixels having a higher saturation than pixels
immediately outside the pupil region; and

a saturation trough between the first and second saturation peaks, the
saturation trough comprising one or more pixels having a lower saturation than
the pixels in the first and second saturation peaks; and

30 determining whether each pupil region corresponds to part of a red-eye feature

on the basis of further selection criteria.




2 AUG 2006 WD 03/071484 PCT/ GB03/ 00004 4 The step of identifying a pupil
region may include confirmng that all O the pixels between a AUG2t06peak
pi xel having the highest saturation in the first saturatjQiRBRkANd a
second p@éfkg%q"i@f‘ havi ng the highest saturation in the seconﬁd}ﬁsatur ation
peak have a |ower saturation than the higher of the saturations of the
first and second peak pixels. 5 This step may al so include confirm ng that

a pixel igJ i at el. t.si de the [ [ ; (1841 @p pradive | ess
t han or e'ﬁg%e? ﬁéx?ﬂ% B¢ élrpn‘}&’ ﬁerggl\ggllt%%{ ﬁ%rlfea? eﬁogglﬁlyﬁgaglg%# 50. I—ﬁg\a/dilng
i dent i fi epbrivben satsupaddpirel hadhi the highest satypationrin gheoirst setwrative peen®da nay be

made to see |f it could.correspond to .a reds;eye f of

i dent i fyi $7goRd peAki PIxplclaviig %%&eﬁag%?tiplﬁ Wt %ngg%tﬁfaﬁ%l }1;8&[ E%ero% pi xel
in the fifgle SALMEREHRR REAKHBASE e Salutitdhs N thevirbiumdhtegid rpetk pixelst s

| i ght ness val ue, and confirmng that a pixel in_ttge Se, o&% sat.urati on peak

has a Sat ihiatsieprmaatlsinelughesntiving teis? PREHIIRIAI PHEIe BRARBIABID™ i 1 i s
fi d, th . Di - i : _ , .
S T e A Bl %‘a%'xet ]Iﬁéagrﬁ%(gte&‘{l%f éﬁ?k?&d@@nﬁﬁ@d AR braf@ @il pEbAAS0R

ower ess value. It may al so be confirned
that a pixel in the saturation trough has a 15 saturation val ue | ower than

its lightness val ug, ,and/ or .t hat Lxel .¥in.th t i t has a
| i ght ness H?&lnﬁéd‘@}t‘gﬁggfe Slamloﬂrp“gﬁﬁ%aP%plgreélroéldm%ﬁﬂ %‘g{éh\%glbger{lé&gggf erably
about 100 ¢ Afi Blid ¢HREHoABIO 4 Rl dydefemtont | Tie nep dhidtntifyipk aedupilregion
saturation trough has a hue greater than or equal .to%g ut 220 or | ess
than df equdtrably intlodes cpofimpios Gg mx@jﬁviﬂ%{l%ﬁ%‘t‘fﬁﬁl%’sﬁ ﬁla%%_sﬁt&&’%t‘)flfi ed in
two stageg aw'ﬁ%gg,;aggggg%#s% R 2RR LA REnGANRE Hat RixbING tlovéeshtisaturationer e i s

provi ded a ng red-eye features in a_ digital ipage,
CONPr i Si Ngiealt HeNk isktyiarign valpt highegfhonstsilightrisss Vatug ePIsferabba itdh CARIISE a row

of pixels with a_ predeterm pe at ur.at i of | : I} M t hat

sel bt od kel B B e o CoB PRyEh Bl e @ Bt Ml

pr edet er minghesovslint.l MNfmay AR véaboafirhal gt whpitdién teantvrgiopi trougbdiser
corresponds to part of a red-eye featurfg oqw he l%asis of - urstagl%t.o%el ection
Criterisa. sywrationrvaleq loyrestthineds bghtngss vl andiosdhatf PRREh 10y F BHITFHE i xel s
|i ght ness.,_| r ' W k8 hrasesihedbalhd) @réfanablyt | on
there is p?oé{%hgiég%é%% SoV ofévg%%e%??{ﬁge{i ed- eygr featlu(? es | n?a di]?i t al

i mage, corghousl0ly: Aifttehchéekinmy ipelpdd cordyinbissthipha pirel infhgeaturation BPYEY egi on

I nel uding I?as ra%\ll\l/e%];ea?ér)t(l%nsor equal to about 220 or less than or equal to about 10.

20  Some highlight profiles can be identified in two stages. In accordance with another
aspect of the invention, there is provided a method of detecting red-eye features in a
digital image, comprising:

identifying pupil regions in the image by searching for a row of pixels with a
predetermined saturation profile, and confirming that selected pixels within that row

25 have lightiiess values satisfying predetermined conditions; and

determining whether each pupil region corresponds to part of a red-eye feature

on the basis of further selection criteria.

Yet further profiles can be identified initially from the pixels’ lightness. In accordance

30 with a yet further aspect of the invention there is provided a method of detecting red-eye
features in a digital image, comprising:

identifying pupil regions in the image, a pupil region including a row of pixels

comprising:




conprising: 2 AUG 2006 WD 03/071484 PCT/ GB03/00004 5 a first pixel having
a lightness Value lower than that O the Pixel imediately toA6G286t; a

second pi xel having a |ightness val ue hi gher than that i el
i nedi at 3YQO¥H148¢s | eft: 5 a third pixel having a Iight Yeridafboe)

than that of the pixel imediately o its left; aad a fourth pixel having
a |lightness value higher than that of the pixel imediately to its left;

wherein the first, second, .third an t i hAdeqt ifel 88el N t hat
order when 10 searacﬁirszgpiﬁi’lo Rl ﬁ%}{,tﬁéé% ‘&h{%e@ rtgiénft e left: 6and
det er mi ni ng WhigihekateiaeditPlept | regi on corresponds to part of a red-eye

feature on the basis of finther, selgction criterja..Prefer first
pi xel has a light n&ge%qiw%tha%&&ﬁ%%‘ﬁf V38| ?@%ﬁ‘aﬁﬁg?ﬁé’of’&[@ﬁe 15
pi xel i nmedi at ecﬁﬁef LSl fft . the second pixel has a lightness val ue at
| east about 30 i gher than that of the pixel inmediately t ft, the

its,|
third i xel has a |4 ghthessl Javag a dighinesssvalae daversthap othal Ofﬂéﬁﬂ’f"f‘? t of the

pi xel i nmredi at el .Q jts.|eft nd the fourth pixel has a lightness val ue
at |east about “’?%e‘%?tﬁlﬁé?ﬁfﬁegﬁa?cﬂat of the pixel imediately to its |left.

20 In a father prefgrnath eidebdiavingta, lighteess onluefhighetethen ithat toighpwibiel r egi on
includes at least two pixels each having a saturation value differing by
at | east about imwedipigh toialetbs t he pi xel imediately to its left, one of

the at |east typ.RixelfirdAUid, Hilia8dRfurthdhitisdrt Qentifiad inehdtbater inthen | ef t
hand nei ghbour and anot her of the at |east two pixels having a 25

sat ur a0i orsearetingalbugthe row afipixels fiogt the kefia@ntei ghbour . Preferably the. pi xel
m dvay Det Weel Lga el ol tln Al LBSn BB talarldis: Raltye rggat er than

about 220 or | out S convenient to identify a single
pi xel as anrtes edsgrdurfiex sdledtion caadh. i dentified 30 highlight region or
pupi | region.
Preferably the first pixel has a lightness value at least about 20 lower than that of the
15  pixel immediately to its left, the second pixel has a lightness value at least about 30
higher than that of the pixel immediately to its left, the third pixel has a lightness value
at least about 30 lower than that of the pixel immediately to its left, and the fourth pixel
has a lightness value at least about 20 higher than that of the pixel immediately to its
left.
20
In a further preferred embodiment, the row of pixels in the pupil region includes at least
two pixels each having a saturation value differing by at least about 30 from that of the
pixel immediately to its left, one of the at least two pixels having a higher saturation
value than its left hand neighbour and another of the at least two pixels having a
25  saturation value lower than its left hand neighbour. Preferably the. pixel midway
between the first pixel and the fourth pixel has a hue greater than about 220 or less than
about 10.

It is convenient to identify a single pixel as a reference pixel for each identified

30  highlight region or pupil region.

Although many of the identified highlight regions and/or pupil regions may result from

red-eye, it is possible that other features may give rise to such regions, in which case




Al t hough many of the identified highlight regions and/or pupil regions may
result from red-eye, it is possible that other features nay giaaGi®e to
such regions, in which case 2 AUG 2006 WO 03/ 071484 PCH gr500/094 6
red-eye MEUIYEHA shoul d not be carried out. Therefore further selection
criteria should preferably be applief, including determ ning whether there
is an'isolated area of correctable pixels around the reference pixel, a

pi xel being r ec%{:f?e@lo%t.iihér&for@%&%ﬁée%ti@@&%ﬁiﬂ{mld)f hue,
saturati o%géﬁg?%@b%rgﬁ}oﬁ&g&ﬁi ch would enable a red-eye 5 ciﬁrrect]'[éon to be
appl i ed t prefdrattly fhiex epplicBy efcduding ylelerminingawberhere tisrariih el isHaeheree: A -
i solated area correctabl.e pixels | j ' Lakapidifat xel may
pr ef er abl 90%@“816&%‘?113 P@&ngéhecr%tef?g? Bg‘?lég:f’?&lﬁ tﬁ ghhggg%{ggdggrsgdgt er Than or equal
to about ;R2@eOkordaschs tdTadeOkat@atic] atddoralighitesd Ohidhf whuld epalileparighei s
greater than about 80, 10 and/or if jt E%’iﬁggt.ne S iﬁ;i Iese%“;V n..ghout 200.
it wil6 beomgsppeds dectprlindito that PixslnHieRrbb Bt AN WTTAT Y be” appl i ed
to any fegfyre .. g&cd{ééﬁblggg&ﬁqg‘@qbféﬁhﬁ‘&tyezgrcbm,search| ng for the highlight
regi ons and pupl? regions identified above. For exanple, a user nay
identify where on the imge he thinks a red 15 eye feature can be found.
According to. anot her .aspect of .the_ | i 1 DEL &f RLfor thher@qualSoPr ovi ded
a nmethod df P I@?W??fﬁﬁéﬁmgtcﬁaé?hﬁaesrée])\{l%gttaglgggg% telye f%dat Ur e prreg‘ént around a
r ef er ence ghxel20igp Ibdranah gi b@lal koralgmyt 10,0ifjitsi ssfuragiodds eraatenithag apet Hbr t here
is an isolated, substantially cj rc%(?r area of correctable pixels around

t he rdPer andler il ightngss ipissehapapony2eY-assified as correctable if it has a

hue greater than or equal to about 220 or 20 |l ess than or equal to about

10, a saturation greater than about 80, and a |ightness, | ess hgg about
200. The dkélhbe appretietci sirtahis durtires seleftionswitaiampy 8¢ gpnlisf 40 Ay ®rably
identified. A circle havin ] M dieBend Ond BEpiEXd8ods of the
i sol ated eﬂ”édu%ftoc ?Sree%%%l%?cgbgisgér?@ﬁé%r an%yﬁlgg@@gen?li ﬁ‘li ed gg?t hat it is
det er ni nedigihiated abseg-Rireximpley eset map ideasfyt wipne yn ittfe imsgehe thipks g red-
predeterm ned proportiqgn, preferably 50% of pixgls falli Lt hin. t he
ci rcl el3ar eeyedpaigrgiomn %I%%Jéldc Mg@{n&t}f{épgtpgreaﬁg?cggf@eémg%%#dé ﬂ%é%l{e?%@:r ated to
each pi xel ;i ada héMo@bs E’été’r%liﬁn%‘ﬁ»%éﬂh@r thbe if et erceatudPreenterquntlze score
of a pixel iy ng determ ned fromthe nunber of correctagble pjxels in the
set of pi xefsedcacpizeli ing thehdigitpl d@peeatgmPHEDE] GeEHTEL efhies | %ere Jf rBundi ng
that pi xel isolated, substantially circular area of correctable pixels around the reference pixel, a
pixel being classified as correctable if it has a hue greater than or equal to about 220 or
20  less than or equal to about 10, a saturation greater than about 80, and a lightness less

than about-200.

The extent of the isolated area of correctable pixels is preferably identified. A circle
having a diameter corresponding to the extent of the isolated area of correctable pixels
25  may be identified so that it is determined that a red-eye feature is present only if more
than a predetermined proportion, preferably 50%, of pixels falling within the circle are

classified as correctable.

Preferably a score is allocated to each pixel in an array of pixels around the reference
30  pixel, the score of a pixel being determined from the number of correctable pixels in the

set of pixels including that pixel and the pixels immediately surrounding that pixel. '




2 AUG 2006 WD 03/071484 PCT/ GB03/00004 7 An edge pixel, being the first
pi xel having a score below a predeterm ned threshold found by »&&66Ge26ng
al ong a.row of fi xels starting fromthe reference pixel,p BY¥eBR0004

i dentifi &4203471484e score of the reference pixel is bel ow the predeternined
threshold, the search for an edge pi-xel need not begin until a pixel is
found having a score above the 5 predetermned. threshold. Follow ng the

| ocation of the ed i Xgl , : i terg Gt | thiegithldy
noving to nedgajpgggﬁtﬁnﬁ §13Ifﬁ?tnI§l gﬂqﬁlﬁgﬁg&kﬁﬁoﬁgﬁrt he edge piexel . and
then novi R byt ewehile dide & ebwnof meels ataningyfromethe atfereane pixsh By 8f ong t he

adj acent 10 row jf the adjacent pixel . ,h a. Scor { ol d,
until t heidsaifisy ]éélﬁf’egcﬁ’f%%llm‘? ’??er?‘gcﬁc?ﬁ’éc& lag?}?vﬁgheap rg%eg%glq}e{:%io@ges% g’e'tﬁﬁr eshol d,
novi ng ouf a?(‘!l?%b 4 Qi d Hfel GRbUAR teei @ithiangxd hefouad Baeing @ sppreebodd bag t he
adj acent reowi rthe&gadfacent pi x%?g has a score above the threshold, until

t he sefongdreddyaningd Shedshold. r eached having a score above the threshold. 15
Subsequent edge pixels are then preferably identified in subsequent rows so

as to identify the left hand edge and right hand edge of the isol ated
area, unt ifblibhelzetht ledgen oAt edgghpixtlandcenigecdge qixdmahbe ddigéifisd YWhe array

is reached. |f the edge of the array. s .re I JTBY, det erm ned t hat
no i sol at &PVAREA aﬁég‘ag@éH‘xF]dﬁﬁﬁ.adjfﬁg%F%Wgro gloatﬁgg(?%?é}“f é’p ot t om rows and
farthest |eft andiflintibpsts tedblungobdntaising dankiiaicagixat alosgdte ajrseni xel in
the isolated area are identified" and @Tci rc{l@ i s .ngn il%: tified having a
di anetier cowribthsadideeny pixsl hasee ppPeeRedeW bre iFrshoifl FEIWER° PHS Pop  and
bottom rows cﬁ%‘éhiv‘i'”f?c%}e d6{d mamdedidid hest right colums, and a centre

eh the" top hb ’

m dway 25 'BE and bottomrows and furthest left and furthest
ri ght col unms. rhévimmyut sdrenfom thet eriwinegntinne Hhereireis pse e pr esent

only if nore than a.predetermned p I AN | L W thin
the circl é"déﬂcént(,rf"ﬁég&ﬁag‘acﬂ pggﬁaécatéggﬁ%ea%ﬁ@eg%%lgfd’ 2%1 Eft _éesézcgh{i 'f(g&of t he
circle i s prafieralled ndahs Hechrasbdvbeheterishiald. pi xel of the red-eye feature.

30 In order to account for the fact that the sane isolated area may be
identifSied starting fromdifferent reference pixels, one of two or nore

simlar i S@db%cﬁgn@st:@g%spi@y A€ then preferably identified in subsequent rows so as to
identify the left hand edge and right hand edge of the isolated area, until the left edge
and right hand edge meet or the edge of the array is reached. If the edge of the array is

reached it may be determined that no isolated area has been found.

20

Preferably the top and bottom rows and furthest left and furthest right columns
confaining at least one pixel in the isolated area are identified; and a circle is then
identified having a diameter corresponding to the greater of-the distance between the top
and bottom rows and furthest left and furthest right columns, and a centre midway
25  between the top and bottom rows and furthest left and furthest right columns. It may
then be determined that a red-eye feature is present only if more than a predetermined
proportion of the pixels falling within the circle are classified as correctable. The pixel

at the centre of the circle is preferably defined as the central pixel of the red-eye feature.

30  In order to account for the fact that the same isolated area may be identified starting
from different reference pixels, one of two or more similar isolated areas may be
discounted as a red-eye feature if said two or more substantially similar isolated arcas

are identified from different reference pixels.




di scounted as a red-eye feature if said two or nore substantially simlar
isolated areas are identified fromdifferent reference pixels.22UB80862006
WO 03/071484 PCT/ GB03/ 00004 Since the area around a subjgGtosesRyes W |

al nost aMWRGEIHHsi st of his skin, are always Preferably it Is deternined
whet her a face region surrounding andg including the isolated region of
correctabl e pixels contains nore than a predeterm ned proportion of pixels
5 having hue, saturation and/or |ightness corresponding to skin tones. The
face region is preferably taken to be approximtely three tines the extent
of the isghatad raGired 2 FAbREES @kl Wil alneabt elyayf eatsist ef liisskigent 4288 i f nore
t han about 70% of the pixels in the face region have hu ea han or
equal to Bis&ueblpigs getemuged whgher@rfagwg}ontsanglgg]gﬂg %,mcgﬁﬁng@e&%oﬁﬁete han
about 70%0f 1 ' b - @hNa Rasdetemained pidpeftionesfSpikélan or
equal to%%ocr)lu@eﬁ%e?&&%% %g%%:agrg%%g?ﬁrt@h anot her _as ec? tpﬁer ee}ﬁ? provi ded a
met hods of hpving bss isaigration iagd/maiightmmg@,respmdmtwrugpé%tTkngfaae Fe8iPley e

feature usi ny_.of ,the methods | ing a
correcti oﬁreE%aﬁﬁiﬂﬁﬁE&Q%@aé’Pf%‘éTﬁFlé’quzefg élc%l{% gg‘.‘ea#ﬁe:ﬁgdrrtgéﬁfﬁga J%Qllrl'gdugi ng the
saturation of sonme or all of the pixels in the red-eye feature. Reducing
the saturation of sone or all  of the pixels i.-ncl yde r.educi t he
sat ur at i oRreferebly aed-sye featuge lﬁi“?‘@f“%f‘i\féﬂor? fhapﬁgg%gﬁ%roﬁl?e&}x%?ﬁ}tﬁg{acgi xel is
above a S?&%&Fh&%‘h%k;g {%?th%ﬁ]ga? al 2PatofVE10 BabRIhdl @leghal thstsout B dhtir st

r ed-eye

| evel . Correcting a y eature may alternatively or in additiqn

i ncl ude r eshreitirag abhet 70% ghtheedtsloin thefase segion havsfsapasiopless (en 4 IR r ed- eye
feature. 25 Wiere.a red-eye feature has been detected having an isol ated
area of c&??‘é@?ég?'e pi xel s which have been all ocated a score as descri bed
above, the correction of the red-eye feature may include changing the

| i ght ness and/or saturation of each pixel i.n.the jsol reas:.

correct abll@ %F%éffé’ewﬂ’aa‘foé}&r&ﬁperc&lﬁﬂglf RgvidRd asl%%¢%é)8$£l§)fdﬁ%stm E%X%@Ital

Al ternati vigly, ih&wﬁn% eétlé&lﬂ% ahfléé-e?@ﬁéatdréiﬁﬂhg hieek the BetHodgHeseabal atngé.or
n

saturation of ‘each prxel wthi he circle 30 may_be reduced by a factor
rel at €l t cantlivpplying & cofectinato giexst-eyq ﬁ%ﬂu}rﬁ\ﬁéﬁ?ﬁﬁcén%&f%ﬂb}fﬁﬁ}dﬂé@/"&m& gital

i mge to ich apy of the . Ll _v@RaNge have been applied,

appar at usv¥§? F%W&ﬁ%“ ?%SoéroFﬁég@q?ﬁ%?%ﬁﬁ%%eteﬁg et hods 2 AUG 2006 WD

03/ 071484 PCT/ GB03/ 00004 '
Reducing the saturation of some or all of the pixels may include reducing the saturation

of a pixel to a first level if the saturation of that pixel is above a second level, the second

20  level being higher than the first level.

Correcting a red-eye feature may alternatively or in addition include reducing the

lightness of some or all of the pixels in the red-eye feature.

25  ‘Where a red-eye feature has been detected having an isolated area of correctable pixels
which have been allocated a score as described above, the correction of the red-eye
feature may include changing the lightness and/or saturation of each pixel in the isolated
area of correctable pixels by a factor related to the score of that pixel. Alternatively, if a
circle has been identified, the lightness and/or saturation of each pixel within the circle

30 maybereducedbya fa.ctor related to the score of that pixel.

The invention also provides a digital image to which any of the methods described
above have been applied, apparatus arranged to carry out the any of the methods




9 described above, and a conputer storage nedi um havi n'g stored thereon a
program arranged when executed to carry out any of the nethods AlEGzM06bed
above. Some preferred enbodi ments of the invention will jQuwhgefRgcribed by
way of e%ﬁﬁ@l“% only and with reference to the acconpanyi ng dr aw ngs, in
which: Figure | is a flow diagram shgwi ng the detection and renoval of
red-eye features; 10 Figure 2 is a schematic diagram show ng a typical

red-eye featyre; .Figure 3 is ra 1 : rdfl hght ness
behavi our‘ﬁ%‘fr1 §8t33l/’BY A% § e &Cﬁftﬁﬁa‘l@?gﬁ% : E?‘bah’p% ic@%eg tg&g%gg?}g ow ng the
sat ur at i ofr-apsh Whahéxeessed Rehayiootdnyaf e hethodsadestrigd aBovel5 hi ghl i ght ;

Figure 5 is a graph show ng the |Iightness behaviour of a typical type 3
hi ghAight; Figure 6 is a schematic diagramof the red-eye feature of Figure

2, show ”%n?%@%{fe%ed%&bb&*ﬁ%tsfdf% hPentiBR viiEhew b dBsciibedtbirivain bt ghainplei gure 7
is a graph show ng points of the type 2 highlight of Figure 4 identified by
the det eatlyaml it oefetehen to28e Fcompanysig dsawings. apWhidhowi ng t he conpari son

bet ween saturation and lightness involved in the detection of the type 2
hi ghlight of Figure 4; Figure 9 is a graph show ng the |ightness and first
deri vat i Vpighe/miiadlow Ghghameshbyheg te detdutigh hidjtemaotl Hirglreye §2tu88; Fi gures 10a
and Figure 10b illustrates the technique for red area detection; Figure 11
shows an array of pixels indicating the correctability of pixels in the

array; 2 {.\%@f@@g@ Scﬂ&&@&g@%%ﬁ%ﬁ%ﬁ@%&ﬂ%&g&%ﬂ&bgur es 12a and 12b shows
S

a mechani or scoring pixels in the array of Figure 11; Figure 13 shows

an arfi@y of scored pixels generated from the array of Figure: 11; 5 Figure

14 is a schemati.c diagram.i.l| I 5l L Yeb NEoureirRQghivaadhnd ©

i dentify %H%“e édﬁg%g%’ Sﬁﬂ‘gingotfﬂgé%t%%ﬁga%egﬁg‘lfs the array gﬁpFi gglge 13;
Fi gure 15psdpapst;the array of Figure 13 with the method used to find the
edges of the

Figure 4 is a graph showing the saturation and lightness behaviour of a typical type 2
15  highlight;

Figure 5 is a graph showing the lightness behaviour of a typical type 3 highlight; .

Figure 6 is a schematic diagram of the red-eye feature of Figure 2, showing pixels
20 identified in the detection of a highlight;

Figure 7 is a graph showing points of the type 2 highlight of Figure 4 identified by the
detection algorithm; |

25 = Figure 8 is a graph showing the comparison between saturation and lightness involved

in the detection of the type 2 highlight of Figure 4;

Figure 9 is a graph showing the lightness and first derivative behaviour of the type 3-

highlight of Figure 5;
30
Figures 10a and Figure 10b illustrates the technique for red area detection;

Figure 11 shows an array of pixels indicating the correctability of pixels in the array;




10 area in one row of pixels; Figures 16a and 16b show the nmet hod used to
follow the edge of correctable pixels upwards; 15 Figure 17 shoalGeie

met hod used to find the top edge of a correctable area; peiiHiSodeds Shows the
array of M@ G843 and illustrates in detail the method used to follow the
edge of the correctable area; 20 Figyge 19 shows the radius of the
correctable area of the array of Figure 13; Figure 20 is a schematic

di agram showi ng the extent of the area exam ned for skin tones; and 25
Figure 21 is a flow chart showng the stages of detection of red-eye

f eat ur es. FiMhes 124 QLD shgwa a dieghdrddm forageingtpixsts indhe wraypdyigist Lisont ai n
red-eye features, in order to correct for such features as efficiently as
possible, it is useful to apply a filter to determ ne whether such
features eghldgoRE 88 8Rhy ofécafidtpmsf%a&ruree&mamd anppbiFiguedl eye 30
correctionto those features, preferably without the intervention of the
user. ¥ n its very sinplest form an automatic red-eye filter can operate in

a very stral 0 A ra ot 5 Q¥ BerhIBAtHE HEShSPikc@ M MeOEHULe | N
phot ogr ap L o R e o g e e K e s
used, no e@ghs ey thercottuctibionreaobtheberapppfigers 133 no flash was fired. However,

if a flash was used, or if there is any doubt as to whether a flash was
used, then the inmage should be searched for features resenbling red-eye.

If any reg;Rye1f RIW 8% #fa 0&‘%%?9@ 13 Wieythahetiodrused teefind THei dgpy ofcthss i s
shown in Figure 1. 5 An algorithmputting into practice the process of

Fi gur 801 begiimenaworholpiggliick test to determ ne whether the inage coul d
contain red-eye: was the flash fired? If this question can be answered
"No' with 100% certainty, the algorithmcan termnate; if the flash was
not fired Fighes Lomeel t6nsmiw donnaibnd meel tyfllos; gl sk RORPHEPIAP*Ele 1 ash
did not fire 10 allows a |large proportion of images to be filtered with
very |itt|"@¥3%Scessing effort. For any image where it cannot be determ ned
for certain that the flash was not fired, a nore detailed exam nati on nust

be perforned using the red-eye detectjon dul descy.i bed bel ow. 15
P 15  Figure 17 shows the methodthed to ﬁ?'xd tfle top ggge ot(a a correctable area,

Figure 18 shows the array of Figure 13 and illustrates in detail the method used to

follow the edge of the correctable area;
20  Figure 19 shows the radius of the correctable area of the array of Figure 13;

Figure 20 is a schematic diagram showing the extent of the area examined for skin

tones; and
25  Figure 21 is a flow chart showing the stages of detection of red-eye features.

When processing a digital image which may or may not contain red-eye features, in
order to correct for such features as efficiently as possible, it is usefuil to apply a filter to
determine whether such features could be present, find the features, and apply a red-eye

30  correction to those features, preferably without the intervention of the user.

In its very simplest form, an automatic red-eye filter can operate in a very

straightforward way. Since red-eye features can only occur in photographs in which a




If no red-eye features are detected, the algorithmcan end w thout needi ng
to nodify the image. However, if red-eye features are found, chtYGCRWSt be
corrected _usin he red-eye correction nodul e descri bedpphgwsnoddd Once t he
red-eye &?l"%{gﬂi‘ n nodul e has processed each red-eye feature, the algorithm
ends. The output fromthe algorithmiig an i mage where all detected
occurrences of red-eye have been corrected. If the imge contains no
red-eye, | SreLyd AL, Heaqkso Shdpskantiieal Fywehe, $ame as
t he i nput tﬂ?%‘agg'?ﬁ%?’ dr?;rﬁé‘%géﬁg?h%_ glbsgrg?t hm det ected and ' corrected
feat ures arflashevas megeonifittere isesp dbit as deiwhgther Bashwas used: then theImigRe| y
that the user, ,w |l not notice thes Lronequs: s TN ' gorithm
for det ectsf¥) d}g%&?aé%dffgﬁ{.eﬁ%%g Foey 1% r‘g{{] ol ﬁltf a&f%if%ée%%ﬁrers gg@@ ‘feature
30 and t hepgxdrebérrfed! MBistR6kead Rahowoi gk 1. Figure 2 is a schematic
di agram showi ng a typical red-eye feature 1. At the centre of the feature
| is aSwhite or nearly white "highlight' 2, which is surrounded by a region
3 2 AUG 20 ang%lhﬂ?é&?&?%ﬁo é?acﬁg HEBR3¢Q00PNi6RY T BEEANIIRG fuick bst Bubj ect ' s
pupil. I n'the“absente of red-eye, this region 3 would_ nornally be bl ack,
but in a rdthreye Wiettenthe imhgscaubdtanai redagieswanths flagytiredh IFTE‘& quepid  can
range froma.dull .gl pw to. rhoht. red. i AP Y ban 3 1S
the iris 4°,anb§6lﬂ1“'§”eg?&)ﬁq Wd&‘ %i@%ﬁﬂ%fiﬂ%%ggéﬁﬁﬁag%e (l)ntﬁgpn%b_(f)l? ﬁ?ﬁe red
gl ow from {dpgirel) fid infa—.?@bﬁﬁlot Sonfain Thkeyap fiaphricewdig thabthe dustedid mogfiteur e
depends on a nunber of factaqrs, inc%ug{tlng t{}ﬁ diﬁ@ance Oifn teﬁgrtcarrera from
t he sulf ectllowsilaree arpppeiag of §1ages &9 PEPIEEHBHR F oS UG POSET8R PR t he form of
red-eye feature, and in particular the behaviour of the highlight. In 10
practice, red-eye features and their highlights fall Ldno one o%r&téhree
cat egor i esFor aiysmhge where it eagootybe determdnegiiar edtayy thatrihs dlash wes pat Wi s when
t he eye exhi biti the.red-e f i Pl Gadilon hedue i n
portraits SAtF gf’tgigeél- %mﬁ?%lgar%@?t G%k’g{fﬁﬁn&geﬁl llll%[gﬁg%f ?ezi %y%é !Ii%?st one pi xel
wi de and i gesehigdliHelowa separate feature to the red 15 pupil 3. The behavi our
of saturation and |ightness for an exenplary Type 1 highlight is shown in
Figurel3. Type 2 highlights occur when the eye exhibiting the red-eye
feature i Slme{l'—e% featlhes b detd i B @R cin erdbwitSout yipéding foymddifyrtde i n
group phot ographs. The hi ghli ght )

image. However, if red-eye features are found, each raust be corrected using the red-eye

correction module described below.

20  Once the red-eye correction module has processed each red-eye feature, the algorithm

ends.

The output from the algorithm is an image where all detected occurrences of red-eye

have been corrected. If the image contains no red-eye, the output is an image which

25  looks substantially the same as the input jmage. It may be that the algorithm. detected

| and ‘corrected’ features on the image which resembie red-eye closely, but it is likely

that the user will not notice these etroneous ‘corrections’.

The algorithm for detecting red-eye features locates a point within each red-eye feature

30  and the extent of the red area around it.

Figure 2 is a schematic diagram showing a typical red-eye feature 1. At the cenire of
the feature 1 is a white or nearly white “highlight” 2, which is surrounded by a region 3




is smaller than a pixel, so the red of the pupil mxes with the small area
of whiteness 20 in the highlight, turning an area of the pupil pirHE2%hi ch

is an un H&@ﬁ%q red. The behaviour of saturation and pdgbs@asssf or an
exenpl arﬁype hi ghlight is shown in Figure 4. Type 3 highlights occur

under simlar conditions to Type 2 hiighlights, but they are not as
saturated. They are typically found in group photographs where the subject

is 25 di glanboddifind B8 SBiEFApupileIbaRabEaiet Bfired-te)iiiesegidos vanldxenpl ary
Type 3 hi grﬁ%g?%ht%i‘ shown in F:‘ilpgure 5. The red-eye detection algarithm

begi ns by newwily erdadkobutriagi xsd=yE deature thisarpionnhtakiss 0B durdidditCesiBhd to

hi ghlights, 2 of red-e eat.ures. . I k : I . h 50 30
that the ﬁglmxre g° %?%1 ar%uglr%(s)%ﬁf & %l%/lt%g'etsmggﬁj!rﬂg%%gﬁﬁg%gégﬁﬁgfr?g%%ﬁvél ues.
The al gor isétherot deof whieh ehgsapbenr to @it onsomhb ot theaod Ewelbem depd regoType 1,
Type 2 _and Type 3 highlights. The search for all highlights, of whatever
type, eouPd be made in a si ngle 2 AUG 2006 WD 03/071484 PCT/ GB03/00004 13
pass, although it is conputationally sinpler to make a search for Type 1

hi ghlights, then a separate search for Type 2 hjghlights, a ﬂ'thtﬁn a final
sear ch’ f ofTh¥yappeaganse giiltheytrdscye frasare dspendseonpd RUNBET ¢f PR BRCUMESFi ght  of

a red-eye { eatULeaNAYB A HEh YU BikeS AL Ll R toPe A8kl fmbiby UPUBIMLRL O (1 nd

areas this'satura acral pictures. Simlarly, nost Type 1
hi ghl i ght 9n Whd Forhaverddiaye featghyt ned n paitivelsr it brhawiosr of Bwshighleghéatlar at i on

10 and |ightness 11 profile one.r.ow Qf. pixels.n a lary Type |
hi ghl ight Pragkige. T?"é‘@!{ S Sl lne bl T} R phsor e ChtcBORHE 2 Bt on
and lightness corresponds to the highlight region 12. The pupil 13 in this

exanpl e includes a region outside the 10 highlight region 12 in_ which the
pi xel s have Thegfitshestegarilitidesigneted es { Rupe {hobis Gecurhwhen theaye expibitng

highlight. It is,al [ A  YindVcldse-hp §icialeslr at i on
and |ight neé"g I\?%'F&%%%‘HE?%%H%%’gaﬁlqﬂgg%l&rfeoglﬁ%rll %Ez’rt@g hi gﬁ, sbu?%al so t hat
they will beThshighliglitCaistet keattiopheixel Wale antids clewly & brparatgyicaintestoithtriedi at el y
surroundi ng the Th change i aturation. from the pupil gi 3 to the
hi ghl ilght r eB‘i‘RSEBiZ T‘I%E Qﬁgﬁ‘g}g‘é{bi’ﬂ 5%%‘.1”&‘1% aﬁ“ﬁglgi\}‘ﬁés }forh ﬁ?.&a%i%@d‘é CtJI i on
al gorit hm scapsigaghsHo iRFigke®l s in the inmage, looking. for small areas
of light, highly saturated pixels. During the scan, each pixel i ? conpar ed
o Type 2 highlights occur when the eye exhibiting the red-eye feature is small or
distant from the camera, as is typically found in group photographs. The highlight 2
is smaller than a pixel, so the red of the pupil mixes with the small area of whiteness
20 in the highlight, tarning an area of the pupil pink, which is an unsaturated red. The
behaviour of saturation and lightness for an exemplary Type 2 highlight is shown in
Figure 4. -
o. Type 3 highlights occur under similar conditions to Type 2 highlights, but they are
not as saturated. They are typically found in group photographs where the subject is
25 distant from the camera. The behaviour of lightness for an exemplary Type 3

highlight is shown in Figure 5.

The red-eye detection algorithm begins by searching for regions in the image which
could correspond to highlights 2 of red-eye features. The image is first transformed so
30  that the pixels are represented by hue, saturation and lightness values. The algorithm
then searches for regions which could correspond to Type 1, Type 2 and Type 3
highlights. The search for all highlights, of whatever type, could be made in a single




with its precedi ng nei ghbour (the pixel to its left). The algorithm
searches for an abrupt increase in saturation and |ightness, meAlGRAW6t he

start of a highlight, as it scans fromthe 20 begi nni ng . This is
known as WP 0¥97d484g edge!'. Once a rising edge has been ggé%?@“?ﬁ t hat

pi xel and the follow ng pixels (assugkng they have a sin-diarly high
saturation and lightness) are recorded, until an abrupt drop in saturation

i s reached, rki.ng.the ot her .edge t i Q] -1 Lol Widich& HKBHWN as a
"falling E?:F@ea’q&lo}ﬂgkt&s - lP&"ﬂ‘g S%BB%% oy %eg %%ﬁcﬂf(ﬁ%gtlygén}glg?o’ sear chi ng
for a risiQeeHgsearehrist Dbt Nagichtd, and thehe findlsearelx forTiyghBibgghlighta. t ypi cal

al gorithm m'ght be arranged so that a rising edge is detected if. 1. The
pi xel is highly saturated (saturation > 128). 2. The pixel is significantly

nore satu ! : 1atrBi-Sydfesrte Imve 30 i edturation,
previ ous Fi)\?é(gﬁ?f%@?%e&s:lg??gﬁé’!;ﬂ 4)125% ‘Ighe };gi xel ehag?a ﬁ?gﬁ i ght ness val ue
(1i ght Besand ifl R8)nudual Théinpiaxsh thiasataratedeeisewhises pp fopial pigtaes, MBUYYg . 5

hue5 10). 2 AUG 2006,.W0 O 71 R 04:; HelAgr@dge 1S

| ocat ed oﬁnqsﬁé}?}%‘? ggﬁ%‘éﬁﬁé‘%%ﬁ?ﬁ% I%X%gﬁsfai@%g g:éégdge ?;‘Eﬁgﬁ{ fe}%téedri f., s the
pi xel is siogaifichaeid M presis of aheiron efipikblain ahexempiary Ghise bhighiighteVitsus

pi xel's saturation - this

uré pi xel 's saturation >.64). The f ' ge is
| ocat ed onegine ipthesrenty elcibe pragile Wb Fg‘?’ﬁtbor’eﬂﬁf%‘ > Q%Te%u&dggg? ﬁllqonal
check is Withe NG fOkhit Reahple! indgd@dg aegidh tamtside def i ned
nunber of H%é@%ﬁ‘g%‘%@ %ka@rrvg?@{aﬁ%)_ have 1be_en glxalm' ned w tglout finding a
falling edgghlight nexial tRik whish dbe pixelsohave dighiagsss rues dewslppg ﬁ&saag&e The
assunption.is that ,there is. i [ ivgN+h 9 Mturaforfarded- eye
feature ca{lﬁx‘g%“} %86’#@15% )}ﬁ%lsg%oﬂ%@é?;ﬁ{%oﬁl epéﬁ?}?r‘l’ghg% the sli_ze of the
pi cture anghHk®s Nahis eofofhei kighlighteglos (2 dre bigamphe alsohthghithghtdllvie | be

|1 [ hot h i ndi.v] dual. trai.t - ti :
The al gor | HARRYdaEeR G U Staikt AP nFREGRY W aE Nl Ty

based on t L 76500k atioR@rol GE Pisi1 fpshnt 1360 BickEghilighoregivh 1RHavergiabepthi ch is
likely to enE%a gn ahp b;? a h?gﬁl ight (typically between 0.25% and 1% of
the pitiure's largest 15 di nension).

The Type 1 highlight detection algorithm scans each row of pixels in the image, looking.
for small areas of light, highly saturated pixels. During the scan, each pixel is compared
with its preceding neighbour (the pixel to its left). The algorithm searches for an abrupt
increase in saturation and lightness, marking the start of a highlight, as it scans from the
20  beginning of the row. This is known as a “nising edge”. Once a rising edge has been
identified, that pixel and the following pixels (assuming they have a similarty high
saturation and lightness) are recorded, until an abrupt drop in saturation is reached,
marking the other edge of the highlight. This is known as a “falling edge”. After a
falling edge, the algorithm returns to searching for a rising edge marking the start of the
25  nexthighlight.

A typical algorithm might be arranged so that a rising edge is detected if:

1. The pixel is highly saturated (saturation > 128).

2. The pixel is significantly more saturated than the previous one (this pixel’s
30 saturation — previous pixel’s saturation > 64).

3. The pixel has a high lightness value (lightness > 128)

4. The pixel has a “red” hue (210 Shue <2550r 0 Shue = 10).




I'f a highlight is successfully detected, the co-ordinates of the rising
edg;a, I }‘al | ngf edge ﬁnd the central pixel are recorded. 20 The 2AGGR¥6hmM i s
as follows: or- each rowin the bitmap | ooking for risi = true

| oop froM®83/ieel to last pixel if looking for rising TS 'ﬁgﬁoﬂm
saturlatlon of. this pixel > 128 and y4. this pixel's saturation - previous
p:cx;alhl S sfatulratlon > 64 and... -lightness of this pixel > 128 and.. .. hue
of this pixel .~t 210 or |~ 10 then, .rj s 7.t RS, i . | ooki ng for
71 si g col asnggde Binied o eyl by BUMIREC ATk B RUGLeTR | 01 10

pi xel 's sat wa ix_@l%s%i%ﬂiﬁ&:&&[}r 156 G@tthtqdOthiah | the) podviduissomeg(prelg@is3pixelécor d
position of falling edge (previous pixel) record position of centre pixel

| ooki ng f or spiusating &g pixel ﬂf}ﬁ'@au‘é‘hﬁﬁﬂ end if 40 if looking for rising
edge = fall‘ﬁgfaﬁﬂl%'edge ié'localiédsdﬂﬂe AL geh el tinfix8midean 10 pi xel s ago

| ooking for risirngedge = true end 1f 45 end |loop end for 2 AUG 2006 WO
03/ 071884 PCT/ GB03/ 00004 15

An additional check is performed while searching for the falling edge. After a defined
number of pixels (for example 10) have been examined without finding a falling edge,
the algorithm gives up looking for the falling edge. The assumption i that there is a
maximum size that a highlight in a red-eye feature can be — obviously this will vary
10  depending on the size of the picture and the nature of its contents (for example,
highlights will be smaller in group photos than individual portraits at the same
resolution). The algorithm may determine the maximum highlight width dynamically,
based on the size of the picture and the proportion of that size which is likely to be
taken up by a highlight (typically between 0.25%. and 1% of the picture’s largest

15  dimension).

Ifa highlight is successfully detected, the co-ordinates of the rising edge, fallihg edge

and the centra}l pixel are recorded.

20  The algorithm is as follows:

for each réw in the bitmap
laoocking for rising edge = true
loop frem 2™ pixel to last pixel
if looking for rising edge
25 if saturation of. this pixel > 128 and.-
this pixel's saturation - previous pixel’s saturation > 64 and.
«lightness of this pixel > 128 and.
e of this pixel 2 210 or < 10 then
rising edge = this pixel
30 looking for rising edge = false
end if
else
if previous pixel’'s saturation-this pixel’s saturation > 64 then
record position of rising edge
35 record position of falling edge (previocus pixel)
record position of centre pixel
looking for rising edge = true

end if
end if
40
if looking for rising edge = false and..
.rising edge was detected more than 10 pixels age
looking for rising edge = true
end if
45 end loop

end for




The result of this algorithmon the red-eye feature I is shown in Figure 6.
For this feature, since there is a single highlight 2, the al JoAV&APHW | |

record on @"?? edge 6, one falling edge 7 and one cegt€aBiosgls 8 for
each row"t$h II%tht covers. The 5 highlight 2 covers five rows, so five

central pixels 8 are recorded. In Figgre 6, horizontal lines stretch from
the pixel at the rising edge to the pixel at the falling edge. G rcles

show the | ocation of the central pixels 8. Follow ng the detection of Type
1 highlights and the identification of the central pixel 10 in each row of
the hi ghl Tihytesult loé thistatgptitton cal thored-¢in fraives | dh shayvrypBigprent-g Ko JH s Type

2 highli cannot. be. det.ect ig

hel pg Fi g?ﬁaﬁﬂ Afms?ﬁéli’/% llsnaes?glt 3’[‘%’;{“@{1 % %ﬁﬁ"%ﬁ@%@@ éﬁ?gl | € of’ one r ow
of pixel sopd fanEL¥eIPY aind onby@aie pitayi8l foghdach The the ginghhght chigss. aThery
dlstlnctlhghgatternlnthe saturation an 156I%3 tnegos%az gglgurevgr1|ch

gi ves he g ArcOHHD feare 8P ivearenigl PHE: feHy 8% Fe Ahd BER S ne
vaves. the ,;fgg,gl ﬁng{st{eIEh%‘ﬂ%{Hlﬂlleﬁ%el'a?tH dgydgéltswma o BRMulling edgd ur at i on

curve, bei ng nor'e saturated than its surroundi ngs. The

ef fect of Chﬂuh:smﬂanﬁleﬂof@hbngflﬁlCZ@t@hPtxh]és 2P saturation is also evident: the
highlight is visible as a peak 22 in the |lightness curve, with a
correspondi ng drop in saturation, This is because the highlight is not
white, butpoll@iiils thé dete@ionlofdaes mﬁghl@tseamm thh idzatificaion ofl theTtestrgl Mikgless

occurs because the highli 2 r than o he smal |
amountlOof ippachaoy of Fheﬁwlksgﬁ et f—f’c ga?fhtgﬂfaowiséjf}q? g%%f@gh ﬁ%ﬁ 25 Anot her
detail worth noting is the rise in lightness that occurs at the extrenties

of the pupil 23. This is due nore to the darkness \%fg tgig pu iI .than t he
| i ght ness Tope Qtlsghh@ﬂsrcgmm bagetected withoutysing features off

h t T
2> i o + gre g Bl PR R B R U o) °§§§ﬁ“’g%‘f§%"&2’#§"fy fed

usi ng the Bgew ai@ﬁghtchshmmlghhgﬂnéms taleery |dg§mmn@@sp¢tt¢anrrethel whugkoekad f or
COI’lfII’ITB.tIOI’lthat co rt of a red-e efe f pixels
is sca nedlgagnesmanaelwﬁaq&gw m\ﬁp??‘?r cggarcr%)gfteﬁﬁ% dJH? or a set
of pixels sahkshyég certain 2 AUG 2006 WD 031071484 PCT/ GB03/ 00004 16

saturation conditions. Figure 7 shows the saturation 20 and |ightness 21
profile of the

The extent of the pupil 23 is readily discerned from the saturation curve, the red pupil
being more saturated than its surroundings. The effect of the white highlight 22 on the
20  saturation is also evident: the highlight is visible as a peak 22 in the lightness curve,
with a corresponding drop in saturation. This is because the highlight is not white, but
pink, and pink does not have high saturation. The pinkness occurs because the highlight
22 is smaller than one pixel, so the small amount of white is mixed with the surrounding
red to give pink.
25
Another detail worth noting is the rise in lightness that occurs at the extremities of the
pupil 23. This is due more to the darkness of the pupil than the I_ightncss of its

surroundings. It is, however, a distinctive characteristic of this fype of red-eye feature.

30  The detection of a Type 2 highlight is performed in two phases. First, the pupil is
identified using the saturation channel. Then the lightness channel is checked for
confirmation that it could be part of a red-eye feature. Each row of pixels is scanned as

for a Type 1 highlight, with a search being made for a set of pixels satisfying certain




red-eye feature illustrated in Figure 4, together with detectable pixels I
a' 24, V25, V 26, V27, 'e 28, 'f 29 on the saturation curve?28:2#6The

first fe%d‘?ﬁoﬁﬂe be identified is the fall in saturatiorpdyatswesopi xel V 25
and pi xel c 56. The al gorithm searches for an adjacent pair of pixels
in which one pixel 25 has saturationé~: 100 and the follow ng pixel 26 has
a lower saturation than the first pixel 25. This is not very

conput at i fghdidh SRRRREEN {;ﬁh@&@l&ﬁ@w thel sBtEk¥E 20tan ligHinagelt profilendfshand  a
sinpl e conparison. Pixel s defined as the pixel 26 further ,%g the right
with the 1@-gysdeatursaiustrater om Figss frigeehe 6t deestpblarixely @ dtold 26 6f pi xel
V, the posit of: i Vil LRbpcitly~it is the pixel 25

pr ecedi ngab. hg?gielf 2@’ ?%(sab% %rétﬂr?%ratleﬁ{:ﬁ%%g{r@gnt of the two-it is the first peak
in the saturation curve, where a corresponding trough in |ightness should

be found if the highlight,is rt, of 15 red-seye feat ULg.,cT, orithm
Phen ¢ avahe 85 rariers Biliam3slll il RuoRREN e SRl TS 25 HR RS |
cont i nUoUsE YU Mittelal godittith X€drc124 fhroat digacantgatr Wi pidetinwatlicteomd pix8 25has s
encountered. Ifthisis the case, the first pixel 24 havi such

sat ur at i ofathetioe gi1§h ardihe fellowipg pixel 24 haSiaéO‘ff?reﬁ%%wPé%’dEgﬁmf P’é\?@%i ng
rightwards.from. c' 26 unti]| i xels. i Lh: I i t.han V 24
s Found. Thre B nt EOpb s By B Bl el oy S AU OISR

t hen traversaplel ceipwisods Fkang ishiefinedwas themitel 28 Funtheritd e pEbtotiteBei s

het ghBBur o baEndi e SredchS Per The RRghEr SaPen SF el g
is desi gnaBﬁg&RMﬂmﬁﬁcitﬁL?iﬁks&{eb&efﬁf{}ia&@erdidgocv; its only purpose is to

| ocater a peak 1 n saturation, pixe A final check is nade to ensure that
the pixels between V and 'e' all have |ower saturation than the highest

peak. 30 I4.. W) i if . : i t4 * are
ot 7l 1 1558 Vil AR SR of Mein Pl BRI WARBPRRYE nd o
Type 2 hi gliteérghicomssgondingitroughoinsiighuesn ghoRldMdCop0d & thuvbigbBiy7is p84 of a

PCT/ GBQ3/ 00(5)04 7 the row for the next pair of pixels which could
corredpond®46Ypi8% V and 'c' of a Type 2 highlight. The conditions above
can be summari sed as foll ows: Range Conditio

The algorithm then traverses left from b’ 25 to ensure that the saturation value falls
continuously until-a pixel 24 having a saturation value of < 50 is encountered. If this is
the case, the first pixel 24 having such a saturation is designated ‘a’. Pixel ‘f" is then
20 found by traversing ﬁghtwards from ‘c’ 26 until a pixel 29 with a lower saturation than

‘a’ 24 is found. The extent of the red-eye feature is now known.

The algorithm then traverses leftwards along the row from ‘f 29 until a pixel 28 is
found with higher saturation than its left-hand neighbour 27. The left hand neighbour
25 27 is designated pixel ‘d’ and the higher saturation pixel 28 is designated pixel ‘e’.

Pixel ‘d’ is similar to ‘c’; its only purpose is to locate a peak in saturation, pixel ‘e’.

A final check is made to ensure that the pixels between ‘b’ and ‘e’ all have lower
saturation fthan the highest peak.

30
It will be appreciated that if any of the conditions above are not fulfilled then the
algoﬁthm will determine that it has not found a Type 2 highlight and return to scanning




be Saturation(c) < Saturation(b) and Saturation(b) ~: 100 ab Saturation has
been continuously rising froma to b and Saturation(a) !~ 50 afAUG 2006

Saturation(f) :~ Saturation(a) ed Saturation(d) < Saturajd Al l
Sat ur at i 8V B/078484< nax(Saturation(b), Saturation(e)) 5 ﬁ;fd%(ﬁ%(]g&e?ﬁ
conditions are net, a feature simlag,to the saturation curve in Figure 7
has been detected. The detection algorithmthen conpares the saturation
with the |ightnes of pixels.'a 24 ST - Ad: & ¢ own in
Fi gure 8,tfdR¥iRe evﬁelxhg?lﬁgfé’g‘r‘? Sr‘@gic%icguelﬁ dggeg%ongﬁ%% S Ejr éﬁ %e‘??orfzic] as

pi xel ' g' il £ hidRipHbeTHeEIhditdns d¥ov@ien bé sudmarTded ahfidlowsf pixel 'g' is also
a consi derati on. I% the feature corresponds to a Type 2 highlight, the 10
foll owi ng conditions nust be satisfied: pj?~d Desgfiptio Conditio |a' 24
Feature st ightness > Saturation 'dyndidionFirst peak Saturation >

Li ght ness | 5 Centre Lightness > Saturation and Lightness 100, and: 220
5 Hue f~, 25& or MaSu#ion( <1$atiretionty) BdSetvdatipadk 25Hur ati on > Li ghtness ' f

28 Feature end Lightness > Saturation Jt.will b . 1De< bye channel
is used for he fiTREFa{qnAAs REFCOD ﬁ‘@“ﬁ]ﬁ&sg"fgéﬂ%g&lgtgﬁgsgg é?ﬁ(?%e centre of
the feature pust bﬁtﬁmgﬁg@hh&igﬂg red area of the spectrum This 15

pixel will al'so have a relatively hi'gh lightness and md to | ow saturation,

making it pedk-t Eaneatiaifd) ofathiaghhEpht that the al gorithmsets out to
identify. Once it |s_establjshed that the [ e) s matches the profile
of a Type 2 Bf ghl i@iﬁ?ﬁnﬁtﬁq@&bcgnf?]&x@ia%%o @’31“%&%“8@%‘??):’ ied as the centre
point 8 of the highlight for that row of 2 AUG 2006 WO 03/071484

PCT/ GB03/ 00004 18 pixels as shown in Fi 6, sim, r to the

in, | ar,

i dent i Bi cdf Kdmheofonduiong arqpmehtasietyre Singt%if ﬁiS@WIFq?‘Qﬁtcgﬂd’e‘Q?ﬁ%%gg nkg ove. The
det ect | | gor,i i ol i sfows th
etection,a ,gggg%c}t%@ ?@i&égﬂég@&%ﬂg%@%}mlsmﬁﬁakgi&shﬂlmtfen Wiltoe Gghmeions t he

5 light nesb§’e xel s for an exenplary_ Type

/ 3 .
hi ghl'i ght (33idelscat Bt ‘brfiyGI28 dnd ‘€128, sevows inFigrespagither 33t trneenticghl i ght
wi il not apl'u\é\z,a{i1 %? onheC ee{]t;[n'readeﬁnécp & pixel ‘g’ half way between ‘2’ 24 and ‘f 29. The hue
of pixel ‘g’ is also a consideration. If the feature corresponds to a Type 2 highlight, the

10 following conditions must be satisfied:

Pixel Description  Condition

‘a’ 24 Feature start ~ Lightness > Saturation

‘b’ 25 First peak Saturation > Lightness

‘g’ 35 Centre Lightness > Saturation and Lightness > 100, and:
220 < Hue < 255 or 0 < Hue < 10

‘e’ 27 Second peak  Saturation > Lightness
‘f" 28 Feature end  Lightness > Saturation

It will be noted that the hue channel is used for the first time here. The hue of the pixel
35 at the centre of the feature must be somewhere in the red area of the spectrum. This

15  pixel will also have a relatively high lightness and mid to low saturation, making it
pink—the colour of highlight that the algorithm sets out to identify.

Once it is established that the row of pixels matches the profile of a Type 2 highlight,
the centre pixel 35 is identified as the centre point 8 of the highlight for that row of




hi ghl i ght could be offset in either direction, but the size of the of fset
will typically be quite small (perhaps ten pixels at the nopst)2AlHedWase
the feature itself is never very large. 10 Type 3 hi ghli-ghighsas8s based
around aWHPTH8heral characteristic of red-eyes, visible also in the Type
1 and Type 2 highlights showm in Figyges 3 and 4. This is the Wshaped
curve in the lightness channel 3 1, where the central peak is the highlight

12, 22, 32, .and. the two tro £0r ; i dRetrexdine bt | es of
the pupi (Pl Sopgohiidn Wil 638 {1y ER SR s QLA o lcbeUAIEIN L 0E T
occurs Wtyhpehilgghiigheaieesiiediaboveany i mages, and nost occurrences are not
caused by red-eye. The nethod for detecting Type 3 -highlights is sinpler
and qui cker than that used to find Type 2 highlights. The highlight is

identifi %Xetg&{oﬁcél'g&&hﬁh&eﬁhﬁ&%@t@r tosTige Widgdiphts. 2Bigure § bows ghit ness
curve 31. Is’Is perfornmed by exam ning the discrete aggfal[g@%gelo%?&)f t he
first Slerlighindsygraffle Bheofld vt AbBiselsar 2 KRIAPPLRR ut Biegh hop6Fnt on
this curve | .det erm.ne t4-acti. ngs: | Jrghhtessarf bd Bantial: X

i mredi at e’f‘t’)‘z‘gﬁlg 1flt€1§e‘e Icgl?‘{le g]? Biéh@ﬂhcguﬁr g}ﬁ{lgfoglttgg?t from t hata}%o_f the current

pi xel . 25pFHRgtalaoK tidwitsear eties dabaiog, tuidhe gae ek dsioiispigviHgpicplsbe

derivative (difference) points. at he han I e 0Q|

ndi vi duafwe, SEHb ek itk RSB Eénqshaf’e"ﬁi‘l%eg{%% HAGCRC R Ur very

foll ow ngﬁgééier satisfying the followi ng four conditions: Pixel Conditio
First 36 ference:!~ -20 Second 37 Difference ~: 30 Third 3 8

D ffed@nce:!~- -30 2 AUG 2006 WD 03/071484 PCT/ GB03/00004 19 Pi xel

Conditio Fourth BRI ! BEr8 chiaferi®R s tddadyas, vidiliit albxel s
sati sfyi nﬁﬁéi}@@%ﬁ%{ﬁ%ﬁ?ﬁ%@ abit%égj ac_er?t n ot her, ,m}ﬁgrgs, g%e
al gori t hmisgrrojpes 4ndrTymer® highlighés showh im Fitiurdscr andck Thiaivi@e oV shpedr | over
fol |l owed eventual |y by a .pixel,,37. with I:f f Ak ofonaty gast 30,
fol | oned Y& %gﬁl e%%"%“‘?ﬁ 3% HhE g}ee(%%%él\yg ugﬂfg{‘m@oéh grl T'ower’, followed
by a pi xely3RoNrddbny dbi&pohd Aughly to the extremities of the pupil 13, 23, 33. This type

15  of feature is simple to detect, but it occurs with high frequency in many images, and

most occurrences are not caused by red-eye.

I

The method for detecting Type 3 highlights is simpler and quicker than that used to find
Type 2 highlights. The highlight is identified by detecting the characteristic ‘W’ shape
20  in the lightness curve 31, This is performed by examining the discrete analogue 34 of
the first derivativ.e of the lightness, as. shown in Figure 9. Each point on this curve is
determined by subtracting the lightness of the pixel immediately to the left of the

current pixe! from that of the current pixel.

25  The algorithm searches along the row examining the first derivative (difference) points.
Rather than analyse each point individually, the algorithm requires that pixels are found-

in the following order satisfying the following four conditions:

Pixel Condition

First 36 Difference < -20
Second 37 ~ Difference = 30
Third 38 Difference < -30




| east 20. There is a maxi mum perm ssible length for the pattern in one
exanple it nust be no longer than 40 pixels, although this is 2AVGA86i on

of the iw&,’/‘?&g and any other pertinent factors. 10 Ap@a@glisidesaal
condition is at there must be two 'large' changes (at |east one positive

and at | east one negative) in the sat@rati on channel between the first 36
and last 39 pixels. A 'large' change may be defined as a 30. Finally, the
central point (the one hal piapy bet weeRplifi@nfirst 36 and | ast 39 pixels in
15 Figure 9) nust have a "fed” hue inthe range 220 < Hu el~ 255 or O!~
Hue: 5 10. The central pi xeFo@ta3? showPiffareppert?@ 6 is defined as the
central point mdway between the first 36 and | ast 39 pixels. 20 The

| ocation of all of the central pixels 8 for all of the Type 1, Type 2 and
Type hi gihdrgio elikesahadaaifels stefyilgihbt @nditibhsinusibehidfbint gl sthehi ch may
potentially be caused by red-eye. The nunber aof central fpi €6|? 8 in each
hi ghl i ght wpidss the elgcaiffire serreles fona pixed 38 Hilth 2 [diffeernrg relug ofHR 8 9%y cent ral
pi xel 8 f i i i rededvya means

t hat the ﬁ’l Sﬁlg‘?lgaﬁ%n%#gg %é'ga[eﬁg?ilte)%? e%?% Jf?{f%ﬁ%%%%f;};g% agtSﬁwff?F)t t herygf ore need
nore p§ ocpissli Isgwith adiffeserrce abluy ofi fedawyr, fallowed by agiixed 3B avitipphecifat ed t hat

it is als ossi.-ble for the same highligh 0 ct. Lndepe ntly as
a Type 1,%3‘£fz‘y%e 5 SRR Bﬁﬁlﬁjﬂt{qe 1%%%& b :fori tlsﬂgr?ggésrlgﬁ—llg%tn h%? . gqgame

hi ghl i ght yaeUbdndRng@ iRt £FpiELs, ADohgH Bes fsiamaction adhinagwsizktind any her ef or e
desirabl e to reduce the nun%er of points in the list so that there is only
one cent r afheppariengfackosor ded for each highlight region 2. 30 2 AUG 2006
PCT/ GB03/ 00004 WO 03/071484 20 Furthernore, not all of the highlights
identified by the algorithnms above will necessarily be fornmed by red-eye

f eat ul@s. AGtadditonalownditibe if tehtere Mast bexraapleege’ Bhangeyfet 19agfqneqadve f r om

corners or edges ,of objects.. The next [ e
attenpts ?‘E)(? ag Feia?ﬁ MWt rééggtb\&eﬁ R i-[]b%fa't%rﬁélgé fL'r 0 meﬁ%&?%g@,qugtsﬁ%@ gagfj -%eye
reduct i onpixglshat gy khimgeechage defifi@ipatsr 35 whi ch are not actual |y red-eye

features. There are a nunber of criteria which can be applied to recognise
red-eye features as opposed to false features. One is to check for |ong

strings OfFin%?l?:[ {h%lcegﬁﬁ%oﬁti(ﬁxe%rérlﬁw-way between the first 36 and last 39 pixels in
. 15  Figure 9) must have a “red” hue in the range 220 < Hue <255 or 0 < Hue < 10.

The central pixel 8 as shown in Figure 6 is defined as the central point midway between
the first 36 and last 39 pixels.

20  The location of all of the central pixels 8 for all of the Type 1, Type 2 and Type 3
highlights detected are recorded into a list of highlights which may potentially be
caused by red-eye. The number of central pixels 8 in each highlight is then reduced to
one. As shown in Figure 6, there is a central pixel 8 for each row covered by the
highlight 2. This effectively means that the highlight has been detected five times, and

25  will therefore need more processing than is really necessary. It will also be appreciated
that it is also possible for the same highlight to be detected independently as a Type 1,
Type 2 or Type 3 highlight, so it is possible that the same hightight could be detected up
to three times on each row. It is therefore desirable to reduce the number of points in
the list so that there is only one central point 8 recorded for each highlight region 2.

30




hi ghlights - i.e. highlights which are essentially linear in shape. These
may be formed 10 by light reflecting off edges, for exanple, RKUGRNE

never be formed by red-eye. This check for long strings ey l0XBdod4 TRY be
conbi nedWM @397148& r educti on of central pixels to one. A4 gor i tthm whi ch

perforns both these operations sinul&gneously may search through
hi ghlights identifying "strings" or "chains" of central pixels. If the 15

aspect ratio, which is fined. as .the.l : | cEBAty al

pi xel s 8 Fethermrg ok a%ﬁ%i‘\}ég’égtsﬁéﬁ“ﬁﬁs‘?ﬁ‘g?’%@g““v% ol Bl Bloel By & ng
edge 6 angl, B'Criljn!ad ridd9R fhates.t Deherd @it befdtmed, Sorgmaniplsy by hight rgflected
predetermned nuiliber, and the string is abo¥e,a sﬁ‘rﬁdeéo?rm r}ﬁaqskength,
then al | fibmtdoenereot edges of gbiestsg ThedereTitired HF BIRCEHJPTLLC BY™Hi &hi i ght s.
O herwi se only th ent-ral Dl fichg réducti®l & MR Geifdrrhddeord | st of
20 highli&ﬂ?@fwﬁﬁg%ﬁﬁébg@%r §¥ﬂ%%@&b$€%??%h§?perforns tmoqiasks: 0 renoves ..
roughl y veshireabhichaicnst aftudiiygbd-eghfestufesom t he 1i st of highlights, where

the aspect ratio of the chain is greater than a predefined val ue, and. 25
* renmoves all but the vertically central highlight fromroughly vertical

chai ns of phi.ahl b ghhDebe bhtetihGriacnest ba giplied of réchenishaidresiefedterss a8 han or

equal to a pre-defined value. An algorithmwhich performns .thi I nation
of tasks iospaged énfans! fentmres 3@mEds teahask FOrdANs SHPEY ?ﬁ%e“FF{ Rifely e‘%??%"ﬁ’ggem s

RSt A t 78 GhAaNly Hrearhh Ghpeg Mkese mbf bafotmedst ar ti ng
at this o e 1,e01]1%§ié§1?§ ﬁ%cﬁl i gﬁt, ané upper highlight' = this highlight
35 make ~wydistreflacingff sdged) doreadingls, it wilneven b MImgA LY 2°08X8 2006 WO
03/ 071484 PCT/ GB03/ 00004 21 | oop search the other highlights for one
where: y co-ordinate = current highlight's y co-ordinate + 1; and X
co- or di natfis chéek rfﬁlerbhﬁ hixatlils | hpikels Mag deandibimtievigniicredudionerfasealof 1) 5
'an apprp?)?erlé g[ cﬁle.mSt Azncalgér?th}cnowugigh performs both these operations simultaneously may
search through highlights identifying “strings” or “chains” of central pixels. If the
15  aspect ratio, which is defined as the length of the string of central pixels 8 (see Figure 6)
divided by the largest width between the rising edge 6 and falling edge 7 of the
highlight, is greater than a predetermined number, and the string is above a
predetermined length, then all of the central pixels § are removed from the list of
highlights. Otherwise only the central pixel of the string is retained in the list of

20  highlights.

In other words, the algorithm performs two tasks:
*  rEmoves rdughly vertical ‘chains of highlights from the list of highlights, where the
aspect ratio of the chain is greater than a predefined value, and
25 e removes all but the verticall)‘/ central highlight from roughly vertical chains of
highlights where the aspect ratio of the chain is less than or equal to a pre-defined

value.

An algorithm which performs this combination of tasks is given below:

30 for each highlight ) '
(the first section deals with determining the extent of the chain of

highlights - if any - starting at this one)

make ‘current highlight’ and ‘upper highlight’ = this highlight
35 make ‘widest radius’' = the radius of this highlight




make current hi ghlight, = the match if the rad'i us of the match > 'w dest

radi us 10 make 'wi dest radius' = the radius of the match end ?AUERlG f
unti | WB&{}, 4e found 15 (at this point, current highlgcigsosiogookhe | ower
hi ghl i ght he chain beginning at upper highlight', so in this section,
if the chainis linear, it wll be penoved; if it is roughly circular, all
but the central highli ght w il be rem)ved) 20 make chain height, = current
highlight's y maapordl nate - top highlight's y co-ordinate nmake 'chain
aspect atio, = chﬁaﬁcmélre%WEr highhjofies o7 g8k '%ereéﬂ ‘@h%rf;ﬂ:@zsrght >=

m ni mum chai n hei gAt™=3nY LD YaShe martﬁt* fiym chai n aspect
ratio' srenove al | hf“ﬁﬁfnt%}lﬁ ﬁﬁ t he al T lwm"{ Re TT et o 'hl ghlights else
if 'chain height' >;ﬂaﬁam&\é@uaiel mdrdt 1&|"®ur\kertl cally cent ral highlight in
the 30 chain fromthe Imegta elﬁrrifntghﬂgh@mﬁs érfé}e mIE“'-Chend if end for 35 A

threshgld for ' mininmt al r}na@espﬁﬁEsJ 2l kSnal sk RE Qs ratdshough it will

‘be appreciated that thesemscan be changed to suit the requirenents of
particul ar i nages. Pevihg detected the centres of possible red-eyes and
attenpted to r ‘btli&é“‘Jt‘Fféc}hﬂl?rﬁ&‘f’n of 40 points per eye to one, the next stage
i's toideterm ngad BgisPERSENCRA-ANE ndtd ondf ikhdherRGearRABLIgHULE GUNdhaig t he
central point. bedibnighowl debe hewWeitm, *sonimthismetiont if hiscinge, it is not
certain that all’rne'a’f:eg paf s ‘feé? witl 1 b ieh et afbal® BRd t hat not
all red areas Wt RECEEEEM Y ha~"¢ated by red-eye. 45 A very general

defi ni2i on of aakLtryenéignt us euﬂrSntanlghsmhatsed cof@@ghtey - cby cul ar area of
highlight’s v co-ordinate
make ‘chain aspect ratlo’' = ‘chain height’ / ‘widest radius’

if ‘chain height’ >= ‘minimum chain height’ and ‘chain aspect ratio’ >
25 ‘minimum chain aspect ratio’
remove all highlights in the chain from the list of highlights

else
if ‘chain height’ > 1
remove all but the vertically central highlight in the
30 chain from the list of highlights '
end if
end if
end for

35 A suitable threshold for ‘minimum chain height’ is three and a suitable threshold for
‘minimum chain aspect ratio’ is also three, although it will be appreciated that these can

‘be changed to suit the requirements of particular images.

Having detected the centres of possible red-eyes and attempted to reduce the number of
40  points per eye to one, the next stage is to determine the presence and size of the red area
surrounding the central point. -1t should be borne in mind that, at this stage, it is not
certain that all “central” points will be within red areas, and that not all red areas will

necessarily be caused by red-eye.

45 A very general definition of a red-eye feature is an isolated, roughly circular area of
reddish pixels. In almost all cases, this contains a highlight (or other area of high
lightness), which will have been detected as described above. The next stage of the
process is to determine the presence and ‘extent of the red area surrounding any given
highlight, bearing in mind that the highlight is not necessarily at the centre of the red




reddi sh pixels. In alnost all cases, this contains a highlight (or other
area of high [lightness), which will have been detected as descxAlye@otabove.
The next stage of the process is to determ ne the presgnGe tent of
the red X@83/¥3¥oundi ng any given highlight, bearing in mﬂg that the

hi ghlight is not necessarily at the gentre of the red 2 AUG 2006 WO
03/ 071484 PCT/ GB03/ 00004 22 area, and nay even be on its edge. Further

consi derations.are tha e .y, AratidfiEie 110F tHeRSna} BEME réRY be no
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shoul d be g, RHRted-Nelfedtirée! s surroundl ng the hi ghI ight 2 are
classifi egl1 gsgﬁé(?odrsr%%ctgzgﬂqe ore n?r? correctable. Figure 10a shows a picture of

a red-gye feature 41, and Figure 10b shows a map of the correctable 43 and
non-corre tabl

" correct a ?Qdﬁ*ﬁs ayfe elbgs& e Mﬁg] ¢ 554k Gc‘iete&xd?i %8l Highigats Hedtias

ow ng tions are t: Channel Condition Hue
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Li ghtness < 200 Figure 10b clear I r

cor rect abm@si;ﬁ%bﬁ%cwc@éhwm Wﬁéc}aﬂ%mﬁléﬁfﬂﬁg%g £h Pﬁere Q|f€sjar§ﬁsé3%st anti al
"hole' of g Qgr hECFRRlC1 0B ek o map dﬁtlﬂéh@rrec‘ltﬁblhnghhdgﬂoh -carregtabi@ 44s0 t he
al gorlthmt at détects the area nust be able to There are

co
four pbaseixdsinthes fersarer Aimselindeford enecopreseblfcE ﬂé‘gg’ll@‘ﬁ’%ﬁon@m{%g
correctable ~area: 20 1. Determine correctability of pixels surrounding the
hi ghl i ght m&: Al ocate a notional score or wei ghting to all pixels 3. Find
t he edges of the corr€rdnabl e arean;mi.ﬁ@h;Ierm ne its size 4. Determne

whet her the area is r ughly circ & aihwo-di nensi onal array
is constructed, as sh W?'l in Fi guﬂeﬁjﬁﬁ ﬁg%%_ﬁw"lb ,

Saturation Saturation = 80
Lightness Lightness <200

Figure 10b clearly shows a roughly circular area of correctable pixels 43 surrounding
the highlight 42. There is a substantial ‘hole’ of non-correctable pixels inside the
15 highlight area 42, so the algorithm that detects the area must be able to cope with this.

There are four phases in the determination of the presence and extent of the correctable
area:
20 Determine correctability of pixels surrounding the highlight
Allocate a notional score or weighting to all pixels

Find the edges of the correctable area to determine its size

Dl o B A

Determine whether the area is roughly circular

25 In phase 1, a two-dimensional array is constructed, as shown in Figure 11, each cell
containing either a 1 or 0 to indicate the correctability of the corresponding pixel. The
pixel 8 identified earlier as the centre of the highlight is at the centre of the array
(column 13, row 13 in Figure 11). The array must be large enough that the whole extent

* of the pupil can be contained within it. In the detection of Type 2 and Type 3




containing either a 1 or O to indicate the correctability of the
correspondi ng pixel. The pixel 8 identified earlier as the cen?ABGEHGt he

hi ghl i gh he centre of the array (colum 13, rovyJ B#dobsgure 11).
The arra;‘/“?rﬁss(?ﬁ% | ar ge enough that the whol e extent e pupil can be

contained within it. In the detectiop of Type 2 and Type 3 2 AUG 2006 WO
03/ 071484 PCT/ GB03/ 00004 23 highlights, the wwdth of the pupil is

i denti fi e}ﬁ% ?%gﬁ fey @ﬂ&a%ﬁ gfidaﬁmea £@Mhd BRER IR abs detierdbired by

mul tiplyin 1S wdth etermned factor. If the extent of the
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T gr ggﬁ:?&é é)bl i ?%tagllge\éﬁ%icg?\%xge[h nf}%fl 50t beTBO a ?rad@te%%gc? si%e, f& ?%(o I&d array

Y rSe " contal ning a Score each
pi xel in fhévearthectapls ipagel s array. As shown in Flgure 12, the- score of
a pixel 50, 51 is the nunber of correctable pixels in the 3x3 square
centred on the one being scored. In Figure 12a, the central pixel 50 has a

score of B ophk f'a%&&xdl%ﬁ’y it Béhetted, iR méglﬁlame farbt, h@ﬁmalnge%&e%r
Scoring is heI pfu for two reasons: 1. To bridge gaps and hol es in

t he corr eeachipizsl &y ba,coanretallh webraewmASe?éﬁgee ip %émﬂ\fe E)él th@; S<foa¢ e pixget ect ed.
15 2. To % cglcor re%flt Il?erll corre&abefe §$(e]ts 1B ﬂlfxé 31%? f(ﬁl\éfé%éﬁ@e({l ¥n Qllleaér% li]éélfgd as a

red- eye featrure. TaKes Use plr xel s near t

boundar i escofld. tTh&Fignee 1 2gtthbtatal giaclviiol Has ahave dféw lsdtiges 12nhhé eenflabse wel |
inside it wll have hi%h scores. During correction, pixels with high
scor e&0 cahXgle 14 aSE¥ABY- a | arge amount, while those with | ower scores
are adjusted less. This allows the correction to be blended into the 20
surroundi ngs, Qi Vi corrected eyes a natural appearance, and helping to
di sgui se Sqny@ﬂeh@ ﬁ@ﬂE@wpeeeeu areas. The result of calcul ating pixel

scor es 106 Loy Mk el SN MINAR EURER el N ald e bl Byalia! 0N 1 e

edge of the arra I gned scores o regardf ess of what the 25
cal cul at ed Sxemgefamaylddtebted The effect of this is to assune that everytliing

beyon tent of fhe ra I,s..corre bl refore if art of the
corr e2§ abPe 84 COTEHOB R ‘h@.%'i" Héltllﬁ Ej‘f‘?f’fuéﬁft’ @Qilg?fggs BN f%aﬁ.gé ’QEP t he
array, it widikedke BE i AsSibhi fiteldcAthe boundaries of the correctable area will
have low scores, while those well inside it will have high scores. During correction,
pixels with high scores can be adjusted by a large amount, while those with lower
scores are adjusted less. This allows the correction to be blended into the
20 surroundings, givihg corrected eyes a matural appearance, and helping to disguise

any falsely corrected areas.

The result of calculating pixel scores for the array is shown in Figure 13. Note that the
pixels along the edge of the array are all assigned scores of 9, regardless of what the

25  calcutated score would be. The effect of this is to assume that everything beyond the
extent of the amay is comectable, Therefore if any part of the correctable area
surrounding the highlight exteﬁds to the edge of the array, it will not be classified as an
isolated, closed shape.

30 Phase 3 uses the pixel scores to find the boundary of the comrectable area. The
described example only attempts to find the leftmost and rightmost columns, and
topmost and bottom-most rows of the area, but there is no reason why a more accurate

tracing of the area’s boundary could not be attempted.




i sol ated, closed shape. 30 Phase 3 uses the pixel scores to find the
boundary of the correctable area. The described exanple only atABGEI® to

find thedefimsd, and rightnost colums, and topnost ang-HekéARHEADSt T ows
of the area, but there is no reason why a nore accurate tracing of the

area's boundary could not be attenpted. 2 AUG 2006 WD 03/071484

PCT/ GB03/00004 24 It is necessary to define a threshold that separates

pi xel s considered to be correctable fromthose that are not. In this
exanpl e, any pixel with a score of ~Ais counted as _ correctable. This has
been founl it oeesissasy thdefinesa thissheldcibatepdaien Pirelh nsidergd 4P ICOHEPEIe 5 whi | st
stilt recggni.si i t ed it : ee
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out war ds Bdrrdcubld. Mrhié he ey uad td fiee diedrst HAlanSt hativbanieaessing soodll gapst he | ef t
and right edges 62 of, the upper section until they 10 neet. 3. Do the sane
as step 2whdst stilaeqogpisingdwlaitdie®3. The first step of the process is shown

in nore detail in Figure 15. The start point is the central pixel 8 in the
array with co-ordinates (13, 13), and the objective is to nove from 15 the
centre toThhelgedthen ff phise 3dmetresstepssas shown dikBigakeddunt of the fact that the

pi xel s at .t entre of the area pm I §i table (as
is the caéerﬁﬁ&?ﬁ,wﬁfg’re Oéla&oaﬁaﬁ?ﬁ? og{;&%o 3‘((8 ltl gén%{d?lg%fl%%?ﬁ?%{rﬁgn edge
until it bhassientemdusiyedliah theRrst amdneght cdpese62 ablie yipeekectiFhempt degss f or

novi na@fromthe centre 8 to the left edge 64 can be expressed is as
fol | owl: 20 ®Bffitrent - pi xel = centre-pixel left edge = undefined if

Current-piaxe;po&wssa%%sgtgﬁb@ﬁ%ﬂ@iowmﬂogésmve current-pixel left until
c :

current-pix I's score threshold end if nove current-pixel left until:
current-pixel,s score < threshold, or

The first step of the process is shown in more detail in Figure 15. The start point is the
central pixel 8 in the array with co-ordinatcsl (13, 13), and the objective is o move from

15  the centre to the edge of the area 64, 65. To take account of the fact that the pixels at
the centre of the area may not be classified as correctable (as is the case here), the
algorithm does not attempt to look for an edge until it has encountered at least one
correctable pixel. The process for moving from the centre 8 to the left edge 64 can be
expressed is as follows:

20 |

current_pixel = centre_pixel
left edge = undefined

if current _pixel’s score < threshold then
25 move current_pixel left until current_pixel‘s score 2 threshold
end if

move current_pixel left until;
current_pixel’s score < threshold, or
30 the beginning of the row is passed

if the beginning of the row was not passed then
left_edge = pixel to the right of current pixel
end if
35
Similarly, the method for locating the right edge 65 can be expressed as:




30 the beginning of the rowis passed if the beginning of the row was not

passed then |eft~_edge = pixel to the right of current-pixel 2410240635

Simlarly, the method for |ocating the right edge 65 ca sed as: 2
AUG 2006¥VQ/Q§’OG!3‘13671484 PCT/ GB0O3/ 00004 25 current - pi xel ?Czﬁ}(ﬁﬁﬂﬂg{spi xel

right_jedge = ~defined if current-pixel's score ~ threshold then 5 nove
current-pixel right ~til C=~t-Pi Xel's score threshold end if nove

current _pjixel. pi.ght deid pixeicurrent-pixel's score < threshold, or 10 the
end of thegosd s vpmsised if the end of the row was not pa-~ssed then

rightedge = pixel to the left of current_pixel end if 15 At this poin

(he |t $aTFPat 68" Sir e B o The' ALea on.ihaa centre I ne are
known,” ang,t;pe™pt Xef $™B&ng Poi Aited to Tave co-ordinates (5, 13) and (21
13). The next step is to follow the outer edges of the area above this r ow
until theyvereetentmix®Gightuptilt he edg{e of the array is reached. If the edge

of thf%array i%;@?gﬁgg?riﬁeﬁnﬁgff‘% t* the area is not isolated, and the

featu wi Il therefore no ‘B&classified as a potential red- eye feature.
As shown knclel galloe tlbrontdae nat @ist¢eirgenpoi nt for following the edge of the
area i s the pixehe®s=gd=driotthe 1t &6 TS B ' where the transition was
found, so®the first step is to nove to the pixel 66 i mediately above it

(or bé?owit,,depeni g.on the.directi . T t ' I, S
{owar do ¢ A& 8 ORG B TR laaarie o oREnas,dh 8 Xy G Megttor Bap 068, 10 OV
t hr eshol dk%%ﬁiléﬁ@mIji;[blﬁbe%gﬁ)iﬂt@@to&&eb@%ﬁﬁﬂﬁei(ﬁﬁliﬂuﬁ&(ﬁel@f the area 68 if

t he pi xel
The next step is to follow the outer edges of the area above this row until they meet or
20  until the edge of the amray is reached. If the edge of the array is reached, we know that
the area is not isolated, and the feature will therefore not be classified as a potential red-

eye feature.

As shown in Figure 16, the starting point for following the edge of the area is.the pixel
25 64 on the previous row where the transjtion was found, so the first step is to move to the

pixel 66 immediately above it (or below it, depending on the direction). The next action

is then to move towards the centre of the area 67 if the pixel’s value 66 is below the

threshold, as shown in Figure 16a, or towards the outside of the area 68 if the pixel 66 is

above the threshold, as shown in Figure 16b, uﬁtil the threshold is crossed. The pixel
30 reachedis then thé starting point for the next move.

The process of moving to the next row, followed by one or more moves inwards or

outwards continues until there are no more rows to examine (in which case the area is

not isolated), or until the search for the left-hand edge crosses the point where the search
35  for the right-hand edge would start, as shown in Figure 17.

The entire process is shown in Figure 18, which also shows the left 64, right 65, top 69
and bottom 70 extremities of the area, as they would be identified by the algorithm.
The top edge 69 and bottom edge 70 are closed because in each case the left edge has
40 passed the right edge. The leftmost column 71 of correctable pixels is that with y-




above the threshold, as shown in Figure 16b, until the threshold is
crossed. The pixel 30 reached is then the' starting point for %#EGAet

nove. Thgygwﬁﬁfﬁ of noving to the next row, followed byp@HnEa§otdar € noves
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whi ch case the area is not isolatedRp or until the search for the
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edge pas$asingheiccésgfully etigoverbih dienextesmitessef thel ayeadinsplinse Seghastet 8¥reni ti es
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corr ect ablcelummsepagd topmest 13 aud hasorrmost 74 FRth 9 ActEmyes g'lhi .pl’?ﬂ%%ﬁccl e 75
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centre 76 péa 191gust Beodi@sified nokotrebidbhe(i sahmveposiltd affl asshogd in Fegwenty e 8 of
the highlight. Followi ng the identifijcation of the presence and extent of
each red deete arcadale clasdifigd aseircular 75.

It will be noted that, in this case, the centre 76 of the circle is not in the same position as

20 the centre 8 of the highlight.

Following the identification of the presence and extent of each red area, a search can be
made for duplicate and overlapping features. If the same or similar circular areas 75 are
identified when starting from two distinct highlight starting points 8, then the highlights
25  can be taken to be due to a single red-eye feature. This js necessary because the stage of
removing linear features described above may still have left in place more than one
highlight for any. particular red-eye feature. One of the two duplicate features must be

removed from the complete list of red-eye features.

30  In addition, it may be that two different features are found which “overlap” each other.
This can occur when there are isolated areas close to each other. The circle 75 shown in
Figure 19 is used to determine whether areas overlap. In a sjtuation in which two or

more isolated areas, each having an associated circle, are close to each other, the circles
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the second list will contain only non-duplicate, non-overlapping regions.

The algorithm can be expressed in pseudocode as follows:
20

for each red-eye region a
search forwards through the list for an intersecting, non- identical red-

aye region
25 if such a region could mot be found
search backwards through the list for an intersecting or
identical red-eye region

if such a region could not be found
30 add the current region te the de-duplicated region list

end if
end if
end for

35  Two non-identical red-eye features are judged to overlap if the sum of their radii is

greater than the distance between their centres.

Following the removal of duplicate and overlapping features, the list of red-eye features

is further filtered by the removal of areas not surrounded by skin tones.

40




| search forwards through the list for an intersecting, non-identical red-
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di scarding. 'Skin-coloured" may seemlike a rather broad term as there are
a lot Bf Hpttingr conditions. nHoweer, tiimusesd Mehng Fasgons o apieg e Haps Oty

di fferent | L ghtd L] : I and F  naltit h REnC i tions
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Furthernore, sinc . Sin i nt .is.responsi bl e f. o] or.af i of skin
in all huffeREatop ﬁ’g Sg’é‘n’éli %Lgﬁﬁa‘%:ghepﬁiwg gt%f eoglgalg%?tlﬁ%tdo%a}r@e %ﬂfgdi%f fect
the hue. 18-Rephe fromdiffering regions, races and environnments nay

possess skin tones with visibly disparate coloration, and nedical
condi tPons, exposure to sunlight and genetic variation may also affect the

apparent 5}29 rfronﬁ.ﬁméfﬁrg’rekilaﬁs, NALAAr Al dhvRERHENS RehyNpkRSesk RkintdoheWiBN ski n
fall within specitic, “narrow range. On a scale of 0-255, hue of skinis

visibly disparate coloration, and medical conditions, exposure to sunlight and genetic

P

variation may also affect the apparent colour. However, the naturaily occurring hues in

all human skin fall within a specific, narrow range. On a scale of 0-255, hue of skin is

15  generally between 220 and 255 or 0 and 30 (both inclusive). The saturation is 160 or

less on the same scale. In other words, hues are in the red part of the spectrum and

saturation is not high.

It is reasonable to disregard the effects of coloured lighting given the assumption that,
20  since red-eye is caused by a flashlight, subjects’ faces are likely to be illuminated with a
sufficient amount of white light for their skin tones to fall into the range described

above.

In the final stage of red-eye detection, any areas that are not surrounded by a sufficient
25  number of skin-coloured pixels are discarded. The cﬁeck for skin-coloured pixels occurs
late in the process because it involves the inspection of a comparatively large number of
pixels, so it is therefore best performed as few times as possible to ensure good

performance.

30 As shown in Figure 20, for each potential red-eye feature, a square area 77 centred on
the red-eye area 75 is examined. The square area 77 has a side of length three times the

diameter of the red-eye circle 75. All pixels within the square area 77 are examined and




15 generally between 220 and 255 or 0 and 30 (both inclusive). The
saturation is 160 or less on the sane scale. In other words, husgGass in
the red %B”{)’& 4syhe spectrumand saturation is not hi gr}CT],@Bomourogasonabl e
to di sregara3 e effects of coloured lighting given the assunption that,

20 since red-eye is caused by a flashight, subjects' faces are likely to
be illumnated with a sufficient anmount of white light for their skin
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pi xel s occurs late in the process because it involves the inspection of a
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few times as pos€himoelt o efisndibomood performance. dmopstigthown in Figure
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contribute to the final result, including those inside the red-eye circle

7S. Fo at,ur e cl sified as , ﬂ{ aovm ng
condi t%on;h?rﬁjé 2 ﬁ%ﬁﬁ O%thodl ?fltg?l ‘ﬁro rg%ﬂ) ng@g ~’P'OE%I-I{:Je s; 255,
or 0!l ~ Hﬂ@gﬁuﬁﬂtﬂeﬂ%ﬂﬁaﬁur ation Saturation:5 160 70% 5 The third col um.

shows what proportion of the total nunmber of pixels wthin the area nust
fulfil the condition. The various stages of red-eye detection are shown as

a flow ch I d-eF8 Agteckioni s QloweiSastd BoWlehAC I KpureD 1! Pascent r al
pi xel s 8 %Epl xe ® %E"ﬁ?%%roe\%s 3e/ lem1 , ;pe 2 and 10 T pgurg hi ghlights, as

shown i n Iﬁn\@b«reeﬁlezdelt@tlgn ofme ¢eo@dtnlxﬁ£s Bt pirek witbrmows| YﬁmerspeaZ ard stored
in a I r val
from tho 178t S MEPLKF s ahV A HEESEAR B JOoRRD LB CLNREpiRR S RET
det er m natsiogedl i6fa 1ish@f;m@ﬁﬁhmgh1agmdlocm nPaasfz mmﬁvwsabw rearoaval famthcdls@ach
central pixel. 8, as, sho 10.t0,.,19. Pass. 4 vol ves .t he renoval
of over | aphrdigeerbandeiae mﬁ‘&l’ﬁ%@% aﬁs% ivelyep flic detominiatign P%@%PV&?CF heg

extent of the red area around each central pixel 8, as shown in Figures 10 to 19, Pass 4

involves the rémoval of overlapping red-eye features from the list. Pass 5 involves the

15  removal of features not surrounded by skin tones, as shown in Figure 20.

Once detection is complete, red-eye correction is carried out on the features left in the

list.

20  Red-eye correction is based on the scores given to each pixel during the identification of
“the presence and extent of the red area, as shown in Figure 13. Only pixels within the
circlé 75 identified at the end of this process are corrected, and the magnitude of the
correction for each pixel is determined by that pixel’s score. Pixels near the edge of the

area 75 have lower scores, enabling the correction to be blended in to the surrounding

25 area. This minimises the chances of a visible transition between corrected and non-

corrected pixels. This would look unnatural and draw attention to the corrected area.

The pixels within the circle 75 are corrected as follows:




15 renoval of features not surrounded by skin tones, as shown in Fi gure 20.
Once detection is conplete, red-eye correction is carried out ohAUGa006e
features left in the list. 20 Red-eye correction is basgd,@pysfbfeSCoOres

gi ven t o VEABHIBIel during the identification of the pr esé%(s:be and ext ent
of the red area, as shown in Figure 3. Only pixels within the circle 75
identified at the end of this process are corrected, and the magnitude. of
the correcti each~j is determ ned by that pixel's score. Pixels
near the edge%‘&?‘ne ar‘era—géf@%ave | ower scores, enabling the correction to
be bl ended i nIfighttdse surlrightnelisrolightnessea(l -TRiI0S il $¥B8VY t he chances of a
visible transition. betwe cor.rect a =onCOEL teq.lg Rixel s. This would
| ook unnat ur al>23H4%8r aw 1§g? 10 %@g & %g)agg%}ogctéd%gsr &a’ e pixels within
the circle 75 are corrected as follows: 2 AUG 2006 WO 03/071484

PCT/ GB03/ 00004 30 Ch Correctio Lightness Ljght s.= Lightn . 1 -
(0.06 x (Thensedighingss of taa pikelds élﬁ!cq%v asgia?aéfﬁ?f%ﬁp@%‘iﬁéS?"Iﬁgﬁ“égg‘{%‘?j%‘g‘th{son = 64,
el se N0 Changeinlih AHedchGUREREnPhE b SecPirtibhs dhbwliie Bty 1 RNk dehaelr | y
related toits score assigned 1n the determnation of res%}(ﬁ:ﬁecl nd extent

of the redhsiiigherals: Shdiarscom, fie gloser to the qeptrejehide area it mpd b ay) i xel ' s
score, _the cl|

er to e.centre of the ' ddpdiker 5 it
will bé nﬁH‘é(?lfﬁf)mﬁ %el*8 Paﬁ“gs A8 ceo%ﬁpégélﬁso lébc?(at{:% g?tz%aggdgig% tf_(ﬁ%s beten f ound
(het | or g 00t ke s el Foos £ )
i xel s. Pix Wi cor v ir | n away.
These- ar e lower sspres havgdess\if thein 3 taﬁ%a"i‘ﬁygﬁ[queﬁeh?? ﬂfehoég?{rhlgg&@r&? eg eyel i d.
The f ormery L NpRKE HEUA dind baliieTnd RRel ke &y anliplightetha theofvettha

corrected pupl 0 For the saturation channel, the aimis not to

conpl et el ycottaw séithacatrestedmppi xel (thus effectively renoving all hints of
red f:}@rsnit), but to substantially reduce it. The acconpanying decrease in
| i ght s partly takes care of making the red hue | ess apparent-darker red
Wil standp@uielsessativhamamelr fhghiim ividot dntcomplitelyHohaesemrate Mrdpikgl (FBIS15 t he

| i ghtness on its own nmay not. be eno .S |l pixel.s W i on of
nmore t han ?ﬁ@@vﬂav@nﬁﬁégra“sii%% 8? it ?ﬁ%é‘bd@eﬁ‘”t Bobégl.s'ta%ﬁ\éﬁs%q%(ﬁlﬁgg{fs Eave been
found to géc\égmﬁg{ﬁfing decrease in lightness partly takes care of making the red hue less

a'pparent—darker red will stand out less than a bright, vibrant red. However, modifying

15  the lightness on its own may not be enough, so all pixels with a saturation of more than
100 have their saturation reduced to 64. These numbers have been found to give the
best results, but it will be appreciated that the exact numbets may be changed to suit
individual requirements. This means that the maximum saturation within the corrected

area is 100, but any pixels that were particularly highly saturated end up with a

20  saturation considerably below the maximum. This results in a very subtle mottled
appearance to the pupil, where all pixels are close to black but there is a detectable hint

of colour. It has been found that this is a close match for how non-red-eyes Iook.

Tt will be noted that the hue channel is not modified during correction: no attempt 18
25 made to move the pixel’s hue to another area of the spectrum—the redness is reduced

by darkening the pixel and reducing its saturation.

It will be appreciated that the detection module and correction module can be
implemented separately. For example, the detection module could be placed in a digital

30  camera or similar, and detect red-eye features and provide a list of the location of these




best results, but it will be appreciated that the exact nunbers nmay be
changed to suit individual requirenents. This neans that the nBxUGa#A6
saturati the. corrected area is 100, but any wer e
particul 3\?‘?;}94’#}% y saturated end up with a 20 saturati ﬁéﬁ%ﬁ?&g@abl y
bel ow the maxi mum This results in asyery subtle nottled appearance to the
pupil, where all pixels are close to black but there is a detectable hint
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during cothegddtivens dovoladded fiptn fhe caréra trelecmpitigiove t he pixel's hue to

anot her area of the spectrumthe redness is reduced by darkening the pixel
and reducing its saturation. It will be appreciated that the detection
nodul e anghe fiefiRa ab@idimR e iR i6Rmtibe pravides embaobiwpmwge&l jt.waEly orexanpl e,

t he detection nodul e could be placed i Qj£ a di d ﬁ ¢ B%EEa ora5|tm | ar,
and defectvhplsdmage aﬁb%i-i&br‘é?lhhﬂalﬁjrf‘if\’ﬁt that 4 ’EC(B']‘I SHEC PAL B FHIPBF QL hese 2
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t aken. Thgxﬁéggr%g%ﬁgﬁﬂﬁg@?e coul ?ﬁe%gbe&g%p I\aé?ﬂ t he g)l cture is
downl oade@hfsrvomld b doameonahe proaesgmgpwerﬁd Hé”hﬁi-? Hwea%ﬁr@?"ﬁ?fﬁ!gn? Bt he

i nvention V|des dva e ffmage,
al t hough |‘EP“&|“-1 TPagE a;r)%‘gg‘cef% re'ad%fe ha%oadgﬁ%arn bin Esbeeqjeééf?dfarcpﬁg#e aII(g i mage
to which rgReyeenaudtiod Us bérfdtmied cnar feetusenyit |ce1abpd fogrreé)empﬂ ie uplilsdly &2t agi on
contai ning faces. This would cut down on the processing required. If a
whol e 10nmgeerweousd prtice Sesditfg®ne&er i nput is required. Furthernore, the
nmet hod does not need to be perfectly accurate. If red- eye reduction is
performed on a feature not caused by red-eye, it is unlikely that a 10

user woul cSimmtthe esdtdye deicktien algenthm serepheniiop dight Lighkt sptwatediphings b3{erer ed- eye
det ection aI ri thm sea S .cHeRiis MhEG-cbRbreadegas of
red, the ge \{gr?gasp%f%te? thF tﬁddgmvg%?cs\?n%&§@(} conpresseg ?ﬂages and
other for rfﬁiagesvﬂﬂ&bmeﬁﬁirﬁms w}&recni@ﬂéder&bdﬁl dtedow essolutibhon. is The detection
of different types of highlight inproves the chances of all red-eye

featurks bei ng detected. It will be appreciated that variations fromthe
above desofjihRet-fHDOEtieRh Sty PBYofHighlibht improves the chances of all red-eye features
being detected. )

It will be appreciated that variations from the above described embodiments may still
20  fall within the scope of the invention. For example, the method has been described with
reference to people’s eyes, for which the reflection from the retina leads to a red region.
For ‘some animals, “red-eye” can lead to green or yellow reflections. The metbod
according to the invention may be used fo correct for this effect. Indeed, the initial
search for highlights father than a region of a particular hue makes the method of the

25  invention particularly suitable for detecting non-red animal “red-eye”.

Furthermore, the method has generally been described for red-eye features in which the
highlight region is located in the centre of the red pupil region. However the method
will stili work for red-eye features whose highlight region is off-centre, or even at the

30  edge of the red region.




20 fall wthin the scope of the invention. For exanple, the nethod has been
described with reference to people's eyes, for which the refl ezaUG6a06r om
the retina leads to a red region. For -sone aninals, "red-eye? can |ead
to green or yellow reflections. The nethod according to-the invention may
be used to correct for this effect. Indeed, the initial search for

hi ghlights rather than a region of a Barticular hue makes the nethod of the
25 invention particularly suitable for“detecting non-red animal "red-ey&' .
Furthernore, the method has generally been described for red-eye features -
in which t h€LAERMSR| i ght region is located in the centre of the red pupi

regi on. However the nmethod wll still work for red-eye features whose

hi ghlight region is off-centre, or even at the .30 edge af. the red region.

2 AUG 2006 132 Ghmetbsd of detechingiadhyg tesfrerdh 8 AL A88- RPWIF B ures in a
digital image, qﬁgggfﬁgg it reglofl€1H th ¥hdbe, Pypil repial ibeladinga ki@ of pirde, a
pupi | region includrn row of pixels 5 conprising: a first saturation
peak adjfcendmymisingr st edge of the pupil region conprising one or nore

pixel's having a hi 9here SaliifaAbh BohilddAlnd s Ktk SadoBIRRl @l igioticaipiisingt e
pupi|l region; a second Saturation peak adjacent a second edge of the pupil
region 10 conprémsionguove pixels hmwing ajiigler selieptiph ghag piveihinmediaiely P68 t han

pi xel s i nredi attﬁ'ﬁ Elut siorge the pupil region; and a saturation trough
between the first®BRY €8¢6nd saturation peaks, the saturation trough
conpri sing one or nomesepindebmuthtori pepkaadjasorsra Seponéteden of MnPunihEsiixel s in
the first and second saturation pe " 5 VTN t each
pupi | réBi on corPERHEHEs D Patt’ eo%’lﬁgels’r gg%é%ea ﬂggﬁrgﬂhﬂgﬁﬂl’t &%ﬁbgg(?lss of
fin-ther sel ectiigfnedfadlpaitside the pApitegivopends claimed in claim 1, wherein the

stop of identifying a pupil reqi i ncl.ud firm gfe the
pi xel s between a fi ré‘tgaﬁg%ﬂ?np'ir%gg%g’\vﬁeﬁdﬂ? ﬁgst%ﬁgﬁééso d%gig}iﬂig%x r.a%sl’ or? in the
first saturati ongpeaienddgl compduitk @alk ngirx pixelsdmiing atlhwertvafyndion theat ur at i on

in the second saturation peak have | ower saturation than the higher of
t he saturationsthBP“iF]Flé“‘?’F%ﬁta%‘ﬁ%ch’@cs&Hﬁa BRI Bd s, 1

15 determining whether each pupil region corresponds to part of a red-eye feature

on the basis of further selection criteria.

2, A method as claimed in claim 1, wherein the step of identifying a pupil region
includes confirming that all of the pixels between a first peak pixel having the highest
20  saturation in the first saturation peak and a second peak pixel having the highest
saturation in the second saturation peak have a lower saturation than the higher of the

saturations of the first and second peal pixels. '

3. A method as claimed in claim 1 or 2, wherein the step of identifying a pupil
25 region includes confirming that a pixel immediately outside the pupil region has a

saturation value below a predetermined value.

4, A method as claimed in claim 1, 2 or 3, wherein the step of identifying a pupil

region includes:
30 confirming that a pixel in the first saturation peak has a saturation: value higher

than its lightness value; and
confirming that a pixel in the second saturation peak has a saturation value

higher than its lightness value.
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3. Anethod as clained in claiml or 2, wherein the step of identifying a
pupil 25 region includes confirm ng that a pixel inmediately GAABEEPSt he
pupi|l region.has a saturation value below a predeterm ned value. 4. A
method as clainmed in claim'l, 2 or 3, wherein the, step of identifying a

~ pupil region includes: 30 confirmng that a pixel in the first saturation
-peak has a saturation- value higher than its |ightness value; and
confirining that a pixel in the second3saturation peak has a saturation
_value higher than its |ightness value. AMENDED SHEET 1 AUG 2006 33 5. A
met hod as clained in any preceding claimwherein the step of identifying a

il [ i ncl] udes: firm hat :a. pi.xel 4 myed I h
Dupi | 101 oh hash Beda g A may otk e fat, v AR Y BB 0

net hod as clgil 1 Mclades: preceding claim wherein the step of identifying a

"pupil region includes: confirmng that a pixel. in the saturation_.trough has
a saturation valcgaiimggghat ggfxel e&@&’ﬁ aﬁfiﬁ%g%e DYph Eesion haj 3 sa %ﬁ%t}(?nas
clai med 4 n 3 108GEMH iRdighhRtdRalueherein the step of identifying a pupil
region includes: confirmng that a pixel in the saturation trough has a
| i ght ness val ue greater than 15 or equal to about 100. S. A nethod as
claimed in any pfef ﬂf}g.cﬁhﬁé‘ﬂ}n WY Relling RRi! WRereih thelggy bf Memiyiag apupi |
region includes: confirmng that a pixel in the saturation trough has a hue
great er t hapupdregiopuimkludes: 20 about 220 or | ess than or equal to about 10.
5. A method of dgh el Nl £HEMA Rl dolgPnl DlahlihTREE low@ BRI Si ng:
identifying pupilT regions 1h the 1nage by searching for a row of pixels
with a 1(pr eitidightnessmadiesat ur ati on profile, and confirm ng that sel ected
pi xels within that |ow 25 have |ightness val ues satisfying predeterm ned
condi tions; and .

7. A method as claimed in any preceding claim, wherein the step of identifying a

pupil region includes:
confirming that a pixel in the saturation trough has a lightness value greater than
15  orequal to about 100,

8. A method as clained in any preceding claim, whersin the step of identifying a
pupil region includes:
confirming that a pixel in the saturation trough has a hue greater than or equal to
20  about 220 or less than or equal to about 10.

9. A method of detecting red-eye features in a digjtal image, comprising:
identifying pupil regions in the image by searching for a row of pixels with a
predetermined saturation profile, and confirming that selected pixels within that row
25  have lightness values satisfying predetermined conditions; and
determining whether each pupil region corresponds to part of a red-eye feature

on the basis of further selection criteria.

10. A method of detecting red-eye features in a digital image, comprising:
30 identifying pupil regions in the image by searching for a row of pixels
comprising;
| a first pixel having 2 lightness value lower than that of the pixel

immediately to its lefi;
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determ ni ng whet her each pupil region corresponds to part of a red-eye
feature on the basi-s of further selection criteria. 10. A met h4uUgRolo
detecting red-eye, features in a digital image, conprising: 30 identifying
pupil regions in the inmage by searching for a row of pixels conprising: a
first pixel having a |lightness value | ower than that of the pixel
imediately to its left; AMENDED SHEET 2 AUG 2006 34 a second pi xel having
a |ightness value higher than that of fshe pixel imediately toits left; a
third pixel having a |ightness value |ower than that of the pixel

mrediately o 1tS el toondfin® AnkAL ihnplClioNERd fid bDRGRSpal Ue

hi gher than that of t‘hﬁd y toits”left; wherein he first,
second, third angwhatiustiqisdefts are identified in that order when

sear Chl ng along the ro&‘%;ﬂ%igf(ﬁ%&néa;t & L& B“E ol ttﬁﬁtnbﬁgﬁ Opivbiet her

each pupil region cor¥ a red-eye feature the basi s
of further sel eclivpsiifslyteitslaf;abd. A net hod as claimed in claim10, wherein

the first pixel has a Li 'é:r&%?}val ueht%?1 esg v g%t 1%969 913{(3 g an t hat

of the pPxel immedi at®efSf as a f.ness
val ue at | east a{;&g@mggrhuMQﬁ t han t hat of the pi xel i nmredi atel y toits

left, the 15 third pixel has a |i al.u east, .a wer t han
that of the pixeWherpigthsfigh Ec?n%gg{ét@S?gﬁr%pnﬁsoa:ghég fiﬁirl{lﬂl \‘pjorf(ig W‘kugls a

li ght ness vallig:dt 1bfand oamﬁxe?g%&mglla%ﬁ ahdan that of the pixel
|rmed|atelyt0|tsleft rrethijas clained, in,cl % f[t%%é
wherein the row Ggtergisiag ?hpﬂ?elifﬁ‘éh YR 162108 GOPEpPRYF ﬁoﬁéﬁfgége P79 S35 two

pi xel s Q%Choﬁﬁyé%g%gfﬁ%ys%bmcﬁ@éﬂue differing by at |east about 30 from
that of the pixel 1mediately to its left, one of the at |east two pixels

havi ng a hi gher saturation value than its |eft hand nei ghbour and anot her
hand nei ghbagy . 20t HRIEmRE! don Bh e e @“‘@“%*"’@ 12 wher i
the pixel nilchapapotedOdewer than that of the pixel immediately to its left, the second pixel ha
lightness value at least about 30 higher than that of the pixel immediately to its left, thg
15  third pixel has a lightness value at least aboui 30 lower than that of the pixei
immediately to its left, and the fourth pixel has a lightness value at least about 20 higher

than that of the pixel immediately to its left.

12. A method as claimed in claim 10 or 11, wherein the row of pixels in the pupil
20  region includes ai least two pixels each having a saturation value differing by at least
about 30 from that of the pixel immediately to its left, one of the at Jeast two pixels
having a higher saturation value than its left hand neighbour and another of the at least

two pixels having a saturation value lower than its left hand neighbour.

25  13. A method as claimed in claim 10, 11 or 12, wherein the pixel midway between

the first pixel and the fourth pixel has a hue greater than about 220 or less than about 10.

14. A method of detecting red-eye featares in a digital image, comprising:
identifying highlight regions of the image including a row of pixels having
30  pixels with a substantially red hue and higher saturation and lightness values than the
pixels in the row either side of said highlight region; and
determining whether each highlight region corresponds to part of a red-eye

feature on the basis of further selection criteria.

AMENDED SHEET




the first pixel and the, fourth pixel has a hue greater than about 220 or
| ess than about 10. 14, A nethod of detecting red-eye features?itGacoe
digital image, conprising: identifying highlight regions of the inmage
including a row of pixels having 30 pixels with a substantially red hue,
and hi gher saturation and |ightness values than the pixels in the row
either side of said highlight region; and determ ni ng whet her each

hi ghl i ght region corresponds to part & a red-eye feature on the basis of
further selection criteria. AMENDED SHEET 2 AUG 2006 35 15. A nethod as
claimed in claim14, wherein a pixel in the hi ghl i ght region nmust have a
hue above about 210 or. bel ow about, 10. A net in any of
claims | tola3, 4mahndrasamed & dlgm ](feﬁ‘?]le %halxgﬁngﬁ Btgghétt%%am% ugh
reference phigla Hho hi® Shod: 40 fel Seatioupid regi on. 17. A method as cl ai med
in claim14 or 15 further conprising identifying a single pixel as a
reference pixel for each identified highlight region. to 18. A nethod as
claimed in gkai m 1600 amalﬁt@tﬁtn%potbﬁmtw tET, f&ﬂle%émﬁﬁbn?%’id&ﬁfﬂnﬁ ai ncl ude
det ermining whether there is an iSol ated area of correct e pi xe%s around
the ref er esiogle pixgids a referenes pixel oy cachpyidsrdified gupikregiong condi ti ons of hue,
saturation and/or lightness to enable a red-eye correction to be applied

to that pixel. 19. A nethod as clained in claim18, including determning
whet her thelf. solhuxmﬂlodaase@lméd inolatecldatyl 16, Pirthey eompsisingLdensifitings sipglei r cul ar .

20, A net hod ?af &el?&r%&ﬂ @élh%%ﬂ%hlg%mg%ﬁdg? a pixel is classified as

20 correct aBllX e IS greate to about 220 or |ess
t han or 1equal to about 10. 21. A nmethod as clainmed in claim118, 19 or 20,

wherein a pixel s classifi.ed,as [.rec ﬁH]ﬁ ratl.on. i s
greater thalrgé('abo‘%tm%@ad azqzclmﬁle%s? ﬁlagég%cllzi %eﬁgjeﬁndhél Arm @E&fg,clnge ®or 21,
wherein a pinskide deteriiniag iWletdr dere is anrietdabirea bf corstableghirsiessuidikess t han
about 200. 23, A nethod of tectin arur i i mage,
conpri si ng: mﬂ’@t@t‘%}n ﬁl‘ﬁ’é‘ﬁ%ﬁl@f’ el %ﬁéﬁ 03&1 815210'? ea%ﬁ%eoglp%ngdéernt
around a refigfieRER dabbleh red-eye correction to be applied to that pixel.

15

19. A method as claimed in claim 18, including determining whether the isolated

area of correctable pixels is substantiaily circular.

20, A method as claimed in claim 18 or 19, wherein a pixel is classified as
20  correctable if its hue is greater than or equal to about 220 or less than or equal to about
10.

21. A method as claimed in claim 18, 19 or 20, wherein a pixel is classified as

correctable if its saturation is greater than about 80.

25
22, A method as claimed in claim 18, 19, 20 or 21, wherein a pixel is classified as
correctable if its lightness is less than about 200.
23.  Amethod of detecting red-eye features in a digital image, comprising: '
30 ~ determining whether there is a red-eye feature present around a reference pixel

in the digital image, by determining whether there is an isolated, substantially circular

area of correctable pixels around the reference pixel, a pixel being classified as

AMENDED SHEET




in the digital inmage, by determ ning whether there is an isol ated,
substantially circular area of correctable pixels around the reABGEMNSe
pi xel , a pixel being classified as AMENDED SHEET 2 AUG 2006 36
correctable if it has a hue greater than or .equal to about 220 or |oss than
or equal to about 10, a saturation greater than about 80, and a |ightness
| ess than about 200. 24. A nethod as clained in any of clains 18 to 23,
including determning the extent' 5 @ the isolated area of correctable -
pi xel s. 25~ A met hod as clainmed in claim?24, including identifying a
circle, havi Aot % BB g&luggféaf%ﬁﬂféﬂ%réqudl% bt 220 @Rlesoftuhine dgsalliat ed area
of correcta & termning that a red-eye atur I's present
only if mrﬂ;oﬁhmaeahnameatmthwboqt@ ghingss lggs eY %‘0 {1ing within
the circle are classified as correctable 26 A method as claimed in claim
25, wherein the predeterm ned proportion is about 50% 15 27. A nethod as
claimed in any q&n@tmamcmadonm@oﬁmnam 03 Mebing detpramingdhe Xt each
pi xel in an array i he ref erence pixel, the score of a
pi xel bef ngof therglats ﬁéﬂ ?Wﬁﬁ?@ﬁépﬁﬁnber of correctable pixels in the set of
pi xel s including that pixel and the plxels surroundi ng that pixel. 20 28.
A nethod as clained in claim?2 pi xel s
is a prede?%rnm@éﬂmk%%@%PkBngﬁ% ﬁmh%%%%%&g@&%hhﬁﬁ#%h?MM%B reglon
or pupil regiQBer g&resﬁbﬂ&{Qﬁﬁjﬂ@Seménaloﬂﬁhb isnlatdadrea 27 corre@®le prslsuard
identifying an edge pixel " bei the first pixe [ gnQEQOM/a
predet er ni néefentrining {eat @ FehAe Erg?t“é%ésr PrETY 3)% gll%(%x tgglr omﬁr&?g pI xel s
starting,fr ﬁﬁﬁﬂm%@dﬁémﬁhﬁﬁﬁdimﬁmnbaMﬁed in claim?29,
mherelnq?f ?ﬁ%&@g%égﬁggggﬁggﬁgference pi xel is below the predetermn ned
t hreshol d, the search for an edge pixel does not begin until a pixel is
found havi ngea SEoLANQYRIhOPRIAHES SiiEkiie thelprudemhaindd pdfoin ivsbuwt hod as
o

claimed in aim O, I ncluding noving-to an adjacent pixel 'in an
adj acent ro®0%r  omthe edge pixel, AVMENDED SHEET 2 AUG 2006

15 27. A method as claimed in any of claims 18 to 26, including allocating a score to
each pixel in an array of pixels around the reference pixel, the score of a pixel being

determined from the number of correctable pixels in the set of pixels including that

pixet and the pixels surrounding that pixel.

20 28. A method as claimed in claim.27, wherein the exient of the array of pixels is a

predetermined factor greater than the extent of the highlight region or pupil region.

29. A method as claimed in claim 27 or 28, including identifying an edge pixel )
being the first pixel having a scote below a predetermined threshold found by searching

25  along arow of pixels starting from the reference pixel,

30. A method as claimed in claim 29, wherein if the score of the reference pixel is
below the predetermined threshold, the search for an edge pixel does not begin until a
pixel is found having a score above the predetermined threshold.

30 |
31. A method as claimed in claim 29 or 30, including

moving to an adjacent pixel in an adjacent row from the edge pixel,

AMENDED SHEET




WO 03/ 071484 PCT/ GB03/ 00004 37 noving in towards the columm containing the
reference pi xel along the adjacent row if the adjacent pixel hasU&28ore
bel ow the threshold, until a second edge pixel is reachgeybpsldoshsd score
above the"QRA¥¥# d, noving out away from the col utm contal ning the
reference pixel along the 5 adjaceng7row if the adjacent pixel has a score
above the threshold, until a second edge pixel is reached having a score

bel ow t he thr eﬁl?,lglbgm t%%zarc% tHELHOn Sl rdferefidendire] Rlong the hdjaieny

continuing iden i ng subsequent edge pixels in subsequent rogﬁ.so as to
i dentify tdveifl thé adjacent peceiglesanstors btiow thntiresheld, wath aofecopb s &Y area,
until the | eft,.edge and ri ght, hand ge neet or the edge of the array

i sreached?eagt?dlﬁvﬂgfﬁ‘é%eﬁgé&&%?%’Ie%fhlglﬁ’ claim 32, wherein if the edge of the
array i s reachg@ving dus awagtfessithedolnat contninisg|the eefernea phab alvsrih ound. 15
34. A nethod as clained_in claim 32, including:,.identifyin he t and
bot t on® r ondiaessd revuiithe adiageat Pl"é’n’t’jasf%?cpﬁe‘g’lov? ﬂ%hqmglﬁﬁqg i a%(%%ﬂngi erqgéh)g at

| east one piXglredRediSidsSUeale@IRY BRthkgB i fying a circle having a

di anet er gorrespon Ing to the greater of the 20 distance between the top

and bottomrows and farthest left and furthest right colums, and a centre

m dway be en . the.t and _ bott gm t
ri ght ycoI ﬁﬁs; Ad@?@?%lgﬁf BI’?fﬁlé’t ag?n{; g%@égﬂ?%gélﬁ?lgﬁ%gsidglﬁﬁefgg%% HE%I%&?? nor e
than a predgs pikelk esibs@uepabivs o apto idastifpithesled haad dgepnditight handrdseircl e

are classified as correctahle. 25 35. t hod _as cl aied, i i.m. 25, 26

or 34 10whe&f aisqlped preg.gintiby eﬁ%ﬁ%@#&%{f@ﬁégg‘%ﬁnﬁgﬁ% ttllesgd&gg F%{é% as the

central pii%f‘éa%l% the red-eye' feature. 36. A nmethod as clained in any of
o,

clainms 18 to “including discounting one of two 30 or nore simlar
isolated areas as a red-eye feature if said two or nore substantially

U babe. s of oA AR e Lpmad st srmaieal o, 2
determined that no isolated area has been found.
15
34. A method as claimed in claim 32, including:
identifying the top and bottom rows and furthest left and furthest right colurnns
containing at least one pixel in the isolated area;
identifying a circle having a diameter corresponding to the greater of the
20  distance between the top and bottom rows and furthest left and furthest right columns,
and a centre midway between the fop and bottom Tows and furthest left and furthest
right columns;
determining that a red-eye feature is present only if more than a predetermined
proportion of the pixels falling within the circle are classified as correctable.
25 |
35 A method as claimed in claim 25, 26 or 34, wherein the pixel at the centre of the

circle is defined as the central pixel of the red-eye feature.

36. A method as claimed in any of claims 18 to 35, including discounting one of two
30  or more similar isolated areas as a red-eye feature if said two or more substantially

similar isolated areas are identified from different reference pixels.




38 37. Anethod as clainmed in any of clainms 18 to 36, including

di scounting any non- simlar isolated areas which overlap each dBHE61200638. A
met hod as_ cl aj in any of clains 18 to 37, including 12 whet her
a b5 ancéV(Sg%?ﬂﬁsqsurroundi ng and including the isol at eddlf\éelgdla%answg?w
correctabl e pixels contains nore thag a predeterm ned proportion of pixels
havi ng hue, saturation and/or |ightness corresponding to skin tones. 39. A
nmet hod as Iaimqﬁ' | @d;m hithst1iRero RECRCTE B Aschntgng xiopat el y

t hree 1037t?i mes t tjé&ieégstent eggm?mgqggﬁlgtledor egi on. Eo. A rrtglltghog as clainmed
i n cl ai m Sfhileris@@tedsiras whithavedapeagbothenture is identified if. nore than
about 70% of the pixels in the face regi on have hue greater than or equal
to about 220 or less than or equal to about 30; and 15 nore than about 70%
of the pisgls Annéthed ftameddi a1y dtalems a8 wr AT, iimiudieg deteriraning wheibgual t o
about 160. 41. A nethod of processing.a, digital i.nage onprLL SiNg:

det ect ngface aeeQresrRndipg 0¢ SCHYne ‘hgfﬁque@ég@Pafﬁ%‘ge%‘?feaﬁSd%?%’@e i ng
claim  2fhofdfhati A Eftdihcd PrEpoRionnb pifdls hiting B exerafieRund/esligietiest od. 42,
A nmethod as clainmed 1n claim4l, wherein the step of correcting a red-eye

f eat ure i noresdeslingtskimigneshe saturati on of some or all of the pixels in
the red-eye 25 feature. 43. A nmethod as clainmed in claim42, wherein the
step of reducing the saturation of sone or all of the pixels includes
reduci ng ghe satmedbd afcloitned iptiaeh 38 0nHfereis thel feseakegiph it dpproxémstalydhicen of

t hat ;Il)i xel is above a t%gco d J]evel, the second | evel being higher than the
30 fid8t Haps(he sxteatef BHEFEIAIHEHSR071484 PCT/ GB0O3/ 00004 39 44. A nethod as
claimed in claimd4l, 42 or 43, wherein the step of correcting a red- eye
feature includes reducing the |ightness of sone or al s in the

) | of the pixel
red-eye #8at uremethod 8s claimrdiip elgine £ 8 pr %)%é@ﬁ%aéedﬁyﬁif‘ia&frei“ﬁg@‘g&egé rising:

more than about 70% of the pixels in the face region have hue greater than or

equal to about 220 or less than or equal to about 30; and
15 mote than about 70% of the pixels in the face region have saturation less than or

equal to about 160.

41. A method of processing a digital image, comprising:
detecting red-eye features using a method as claimed in any preceding claim;
20 and

correcting some or all of the red-eye features detected.

42. A method as claimed in claim 41, wherein the step of correcting a red-eye
feature includes reducing the saturation of some or all of the pixels in the red-eye

25  feature.

43. A method as claimed in claim 42, wherein the step of reducing the saturation of

some or all of the pixels includes reducing the saturation of a pixel to first level if the

saturation of that pixel is above a second level, the second level being higher than the
30 first level.




detecting a red-eye feature having an isolated area of correctabl e pixels
using the nethod of any of clains 27 to 34; reducing the |ight2wd82¢¥ each

pi xel in ' ated area of correctable pixels by a f egodi@bat ed to
t he scor e&gﬁﬁ?ﬁg’{“ pi xel . 10 46, A nethod of processing aﬁgffglﬁlt)al I mage,

conprising: detecting a red-eye featdfe having an isolated area of
correctabl e pixels using the nethod of any of clainms 27 to 34; reducing
the |ight ggss RiméashusRiaigkd incl@ingi1,clergapshaeinite styp obéommicthend redi t h t he
15 isol ated area of correctable pixels hy a factor. related to the score of
that pi xekye Ermrenseiades edueipg Sirghehtecss ehFege LR ChESRIFHS A di° BV Pr ecedi ng
claim 48f a,g\lrgorrputer st orage nedi um havi ng stored thereon a program
arranged When.. 20 executed to carry out the nethod of any of clainms 1 to
46. 49. A digital inmage to which has been applied the nethod of any of

claims | to 46. 50. nmet had of.. det.ect | .[.ed-eye feature as disclosed
her ei n>wi t4ﬁ refﬁ‘épgﬁ%%%oceﬁgnﬁlSfﬁ‘t@fsm?g%’%g@.%néﬁg A met hod of identifying
the extent of yhectmghredbadicaes Ravigf andsdladd ayeof eatetablegsxeldisud theed

herein with reference to Fi gures 10 to 19. 30 52. A nethod of correcting
red- eye f eeathnded emgolplgmsddda 3ter ei n.

reducing the lightness of each pixel in the isolated area of correctable pixels by a
factor related to the score of that pixel.
10
46. A method of processing a digital image, comprising:
detecting a red-eye feature having an isolated area of correctable pixels using the
method of any of claims 27 to 34,
reducing the lightness of each pixel in a circle substantially coincident with the

15  isolated area of correctable pixels by a factor related to the score of that pixel.
47.  Apparatus arranged to carry out the method of any preceding claim.

48. A computer storage medium having stored thereon a program arranged when

20  executed to carry out the method of any of claims 1 to 46.
49. A digital image to which has been applied the method of any of claims 1 to 46.

50. A method of detecting a red-eye feature as disclosed herein with reference to
25 Figures2to9.

51. A method of identifying the extent of the correctable area of a red-eye feature as
disclosed herein with reference to Figures 10 to 19.

30 52. A method of correcting red-eye features as disclosed herein.




