WO 03/071781 1 PCT/ GB03/ 00767 DETECTI ON AND CORRECTI ON OF RED- EYE FEATURES
IN DIG TAL | MAGES This invention relates to the detection and correction
of red-eywoin/di7gital i nages. 5 The phenonenon of red-eyePCa/GBLOHraphs i s
wel I known. When a flash is used to illumnate 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 photograph
is displayed or printed. 10 Photographslare increasingly stored as digital
i mges, typically as arrays of pixels, where each pixel is normally
represented by a 24-bit value. The col our of each pixel may be encoded
within the 2 h i sity
of red, gree?ﬂéﬁgcglqgé@?gﬁ) Fﬂfa}ta@%?g?&v %Ftern ?@elﬁ? e a]ﬁlgglbﬁ%ﬂ pi xel s
can be 15 transforned so that the 24-BVIAGES ue consists of three 8-bit
values representing "hue", "saturation" and "lightness". Hue provides a
"circular" scale defining the colour, so that O represents red, with the
col our pas ; ck to red
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25 defi ned |s par ni pul ation of these digital imges it is
possi bl to reduce the effects of red-eye. Software that perforns this
task is well known, and generally works by altering the pixels of a
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may be encoded within the 24-bit value as three 8-bit values representing the intensity
of red, green and blue for that pixel. Alternatively, the array of pixels can be
15  transformed so that the 24-bit value consists of three 8-bit values representing “hue”,
“saturation” and “lightness”. Hue provides a “circular” scale defining the colour, so
that O represents 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 (from
20 0to 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 of 0, a lightness of 128 and a saturation of
255. A lightness of 255 will lead to a “white” colour. Throughout this document, when

kRl (14

values are given for “hue”, “saturation” and “lightness” they refer to the scales as

25  defined in this paragraph.

By manipulation of these digital images it is possible to reduce the effects of red-eye.
Software that 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. This is performed by

30 modifying their hue so that it is less red - it is rotated away from the red part of the



WO 03/071781 2 PCT/ GB03/00767 (circular) hue spectrum- or their saturation
is substantially reduced. Typically the pixels are |left as black or dark
grey instwad3/okrst red-eye reduction software requires as POTELRO3MONB7CENt re
and radius of each red-eye 5 feature that is to be manipul ated, and the
sinplest way to capture this information is to require the user to sel ect
the central pixel of each red-eye feature and indicate the radius of the
red part. This process can be perfornmed2for each red-eye feature, and the
mani pul ati on therefore has no effect on the rest of the inmage. However,
this requires careful and accurate input fromthe user; it is difficult to
pi npoi nt t heiRE@e B §RRELA OforlBeRaGr iR BYSILEGALMIE réfided. Or)a)%a?lgtthghe
correct radius. An alternative nmethod that is comon is for thie user to
draw a box pixelgne lefies blagk ar dark gréyiisstead.r ect angul ar, making it even nore
difficult to accurately mark the feature. G ven the above, it wll be
readily seen that it is desirable to be able to identify 15 automatically
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should facilitate red-eye reduction being applied only where it iIs néeded,
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present invaphifdle ultBEQ: icacRhAW PRAnALERIAgd of detecting red-eye features

in a digital inmage, conprising:
Given the above, it will be readily seen that it is desirable to be able to identify
15 automatically areas of a digital image to which red-eye reduction should be applied.
This should facilitate red-eye reduction being applied only where it is needed, and

should do so with minimal or, more preferably, no intervention from a user.

In the following description it will be understood that references to rows of pixels are
20  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  The present invention recognises that red-eye features are not all similarly characterised,
but may be usefully divided into several types according to particular attributes. This
invention therefore includes more than one method for detecting and locating the

presence of red-eye features in an image.



identifying pupil regions in the imge by searching for a row of pixels
having a predeterm ned saturation and/or |ightness profile; 5 identifying
further pwpioB/oregi ons in the inmage by searching for a rowprefl/gBos®d®7 havi ng
a different predeterm ned saturation and/or |ightness profile; and

determ ni ng whet her each pupil region corresponds to part of a red-eye
feature on the basis of further selection criteria. 10 Thus different
types of red-eye features are detected, 3increasing the chances that all of
the red-eye features in the image will be identified. This also allows the
i ndi vidual types of saturation and/or |ightness profiles associated with
red-eye feaInPé&SrdaﬁcéJﬁlithScﬁQCds{)éc@%k|t1Ye ERAMAGHRNESE therd RINOLRBA LG mBAREES Of
fal se detections. 15 Preferably two or nore types ofr pupil regions are

i denti fi ed, dedeqsimgired-pysyicaturdsnn ealegital ymage, enprginglent i fied by a row of

pi xel s having a saturation.and/or.|jghtnes rofile characteristic of that
type. Red-eye fe’é@ﬁ?@?gﬁ@ﬂr{fﬁmgﬁ Hlptlhg Pagf geagﬁlqge@rﬁirgm ‘g.p”@%%f“i‘ﬁ}%aof
red- eye fea%,ﬂéaaeﬁqlnﬁgj sadikali ACALIIRi A trREd Sltilespot caused by reflection of the
flashlight fromthe front of the eye. These bright spots are known as

"hi ghl i ghts". | fidan@yinggfurtser pupihegiomade thraimage byowatcking fonerroweof- giyels ar e
much easi er | dent | gmatically.. H ghli s are.usually | ocated near
the centre & ?%%&%%J#B%%tf%,nea %tﬁ%ﬁgrﬁalg@%%me??w '@ off-centre, and
occasional |y at #hemnedge. wiakiecatly pesil afzidneshrRYsorlds a Fﬁr@%fq(}edi'@% klpde
these 25 highlights, A first type of igentifi ed pupil region nmay have a
saturati on YF Beibags phrigr sedectior 88ieHA- of  pi xel s havi ng hi gher saturation
than the pixels therearound. This facilitates the sinple detection of

hi ghlights. The saturation/lightness contrast between highlight regions and
30 the Hr eaTsuy differedi nypes beradicye fathresaredd@uike dndrétamet the cE&cey that @n ofhue")
contrast WD 03/071781 4 PCT/ GB03/ 00767 between the red part of a red-eye
feature andMEHENEKS AeAHRL & 8igr WA dVINGDS tdentifred:+ Alisndlp allewss dher individerd oded
at alowre ' M AYo ! - Q0. s _.sueh P By
usi ng sat ur??%écj)hf §ﬁ%‘f‘ﬁ°§ht ne%sﬁggﬁ%gg?%gfﬁszdé?%%%{ % rsede Si feer%&f‘a’c])S Fc}Gggnti fy
regi ons whi specifiicglhy clooaataspdrddicing thd ckyreed efafhlse dstections.

15 Preferably two or more types of pupil regions are identified, a pupil region in each type
being identified by a row of pixels having a saturation and/or lightness profile

characteristic of that type.

Red-eye features are not simply regions of red pixels. One type of red-eye feature also
20  includes a bright spot caused by reflection of the flashlight from the front of the eye.

These bright spots are known as “highlights”. If highlights 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 lie off-centre, and

occasionally at the edge. Other types of red-eye features do not include these
25  highlights.

A first type of identified pupil region may have a saturation profile including a region of
pixels having higher saturation than the pixels therearound. This facilitates the simple
detection of highlights. The saturation/lightness contrast between highlight regions and

30 the area surrounding them is much more marked than the colour (or “hue”) contrast



5 Not all highlights will be clear, easily identifiable, bright spots
measuring many pixels across in the centre of the subject's eye. In sone
cases, eswowmdaii7gl1if the subject is sone distance fromtReTaEBMOGG67t he

hi ghlight may be only a few pixels, or even | ess than one pixel, across.
In such cases, the whiteness of the highlight can dilute the red of the 10
pupil. However, it is still possible to search for characteristic
saturation and lightness "profiles"” of4such highlights. A second type of
identified pupil region may have a saturation profile including a
saturation trough bounded by two saturation peaks, the pixels in the

saturation peaks, 1R [ jrohef.gsatugat.j.on, than t ixels in the area
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val ues forni"§" &\ peby SPMASAREFNo AR lightaess, losdstecttipiegenit isethsiey do
feature havigemsryhi@bis Whikh #iglcbrres 388 %0 AlIS: as "flared" red-eyes or
"flares". fheseyiﬁglude eyesgmﬁe?gighe pupiyeﬁgg%g$l dilated and the

entire pupil has high lightness. In addition, the range of hues in flares
is general i der..than.that of th eviqQus three types. Sonme pixels can
appear oranlgét %%thldglgﬁlwﬂi_&/? Cllelaréreémf%f)drﬁp@}éa (PRIZhY SROUH G AREING TRHVY RIKER of
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than first, second and third types described above. our
i dentifi ed @siphde fremgitimcaneeya,the bighlighttroayabe only arfdwl fixgis, e ssepless iHag one

i ncluding a.region of . pixels bounded. by t | ocal ,.sat ur at.j on _m ni g,

wher o e b7 690501 LM B0 SR0B isRest OF uneCEiRbuR 4 ik, G By
region ioas gupsiat HowéteoNit i ghepodsitantAsdrdd®l enmhagkicSahihd A fiieshol d;
the saturation_and |ightness curves of pixels in the pupil region cross

twice; and Proides fapch highlighéss ninina are located in the pupil region. 5 A
suitabl e value for the predeterm ned saturation threshold is about 200.

A second type of identified pupil region may have a saturation profile including a
saturation trough bounded by two saturation peaks, the pixels in the saturation peaks
15  having higher saturation than the pixels in the area outside the saturation peaks, and

preferably a peak in lightness corresponding to the trough in saturation .

A third type of pupil region may have a lightness profile including a region of pixels
whose lightness values form a “W” shape.
20
As mentioned above, some types of red-eye feature have no highlight at all. These are
known as “flared” red-eyes or “flares”. These include eyes where the pupil is well
dilated and the entire pupil has high lightness. In addition, the range of hues in flares is
generally wider than that of the previous three types. Some pixels can appear orange
25  and yellow. There is also usually a higher proportion of white or very light pink pixels

in a flare. These are harder to detect than first, second and third types described above.

A fourth type of identified pupil region may have a saturation and lightness profile

including a region of pixels bounded by two local saturation minima, wherein:



Preferably the saturation / lightness profile of the fourth type of
identified pupil further requires that the saturation of at |east one

pi xel in wbe3pupsl region is at |least 50 greater 10 than wrhg/dBoghoTsess of
that pixel, the saturation of the pixel at each local lightness mnimumis
greater than the lightness of that pixel, one of the local |ightness m nina
i ncl udes the pixel having the I owest |ightness in the pupil region, and the
| i ght ness of at |east one pixel in thespupil region is greater than a
predeterm ned |lightness threshold. It may further be required that the hue
of the at |east one pixel having a saturation higher 15 than a

predeterm ned t hi§sRObAL diRe19h BRAL Sk Qnﬁpsofl‘j{at&;:&)on g#ﬂ&‘stﬁ 1 {3Ra Q004 %0' A
fifth type of pupil regi'on nmay have saturation an |g%nespr0|?

i ncl udi ng asahirgtion theeshiwldf i on regi on of pixels having a saturation above a
pr edet er m ned thtéeshol d and. bounded bg IIwo | ocal saturation mning,

wherei n: 20 t he B&FHPIRHPRANGHNNGS PSSl Riyely #sthe PupH segian Grassttiicepand |
region cross tw ; i ng:ni xeahs; akl.on is greater than the
l'i ght ness for altﬁ%gia‘%(aélhgﬁﬁg%v\rg%gﬂ%ﬁ%léﬁagésdgﬁﬁgﬁ‘ﬁ%é@?' and two | ocal
lightness minima are located in the pupil region. 25 Preferably the
saturation |.ightness profile for. the fifth ty of pupil region further

i ncl udes trés?lé%? H%’F?F tkferﬁfgettﬂgng%@tﬁ??‘ﬁ?tf%h{?ﬁﬁgp%@é’uh@-he hi gh
saturation region is above about 100, that the hue of pixels at the edge
of the high saturation region is greater than about 210 or |ess than about
20, and t haltrefgsabhy shsl satipatian 4 lightness peifideofthe Homith 3¢ ©F ik tified Pail GBOB! 00767

| ocal Iight i niyjoum.has a Lightness | ower, than. the pixel at_the
corres pondiljrél 'i?e(%(r:ﬂé%l tﬂnglsagtHIiaﬁgg 8% Hﬂfi?sﬁﬂﬁ? p%i//\fnntae PH@H%F‘?TE’& 3 _L‘?ﬂé(ie%reater
charact |y i sthirc thd lighthe®Y Bf PRI fifel, tHe bFuRBSLLIANY Piktl ARLELRT1H&I 1@%@& her
there is a "correctable" area associated with the feature caused by

red- eye, arfBinimpmgis greatercthan ghetlightness af thae obghrmne ofithé lewabligfenesaspieina of

t he present. ] i e | b .met hod.of . correcti. red-.eye

features in ngﬂgi&&h{: gp(eli ﬁ%{:ljrgg {hgc%?r\%gsl\{ glgﬁtgl?% ifl the Pupil Tegiof, and the ligftness of a
least one pixel in the pupil region is greater than a predetermined lightness threshold. It
may further be required that the hue of the at least one pixel having a saturation higher

15  than a predetermined threshold is greater than about 210 or less than about 20.

A fifth type of pupil region may have a saturation and lightness profile including a high
saturation region of pixels having a saturation above a predetermined threshold and
bounded by two local saturation minima, wherein:
20 the saturation and lightness curves of pixels in the pupil region cross twice at
crossing pixels;
the saturation is greater than the lightness for all pixels between the crossing
pixels; and
two local lightness minima are located in the pupil region.
25
Preferably the saturation / lightness profile for the fifth type of pupil region further
includes the requirement that the saturation of pixels in the high saturation region is
above about 100, that the hue of pixels at the edge of the high saturation region is

greater than about 210 or less than about 20, and that no pixel up to four outside each



10 generating a list of possible features by scanning through each pixel in
the image searching for saturation and/or |ightness profiles

char act erwetBo7081 r ed- eye features; for each feature in tReTIGRB/OGT67

possi ble features, attenpting to find an isolated area of correctable

pi xel s which could correspond to a red-eye feature; recording each
successful attenpt to find an isolated area in a |ist of areas; 15

anal ysing each area in the list of areas to calculate statistics and record
properties of that area; validating each area using the cal cul ated
statistics and properties to determine whether or not that area is caused

by red-eye; k8RR L9 I t hose. whi are not .caused by
red-eye; 20 re vr{angﬁjgrgnehggasaz{ ]?éhg\gl)éces? f%”‘g%ﬁ%n %F’ @%Vﬁﬁf%cpﬂgsﬁopg?gg?cagr eas;
and corr ectlighgnssomeniorunal | pi xel s in each area remaining in the list of
areas to reduce the effect of red-eye. The step of generating a |ist of

possible features is preferably perfornmed using the 25 nethods descri bed

above. In aﬁﬁﬁﬁg?&ﬁgﬁ% Finfed AR IsAS %?Cféd—%];e f) MsPl q%g ggz%egga.g\?/ gog%léstgrrrlni%g ere

is provided a nethod of correcting an area of cortrec

cor r espdndi Wikethe there esla éymrdoehieiraca assaciaedimitlthe fernge casodpy irsd-8gs, add
constructing a.rectangle enclosing the area of correctable pixels; WO

03/ 071781 P ’(?%6%‘7%%67 7 determining a saturation nultiplier for each

pi xel in the rectangle, the saturation mnultiplier calculated on the basis
of the hue, |ightness and saturation of that pixel; determning a |ightness
mul ti plier heecaduieepyigetnother pipsct ddhapghat yveatien tgrenig prdvidedsatsthat ioon

mul tipliers_ i ri.d _of. pixels surrounding that pixel; 5 nodifying the
saturation © 8@%%‘38?%?’8If%‘|%?{6? e (i%%‘ilé’ﬁlégeec VPN "&nount determined by the

sat ur atioon mul tighkringh lishetpoRiive Iféat@f@@lby@@ﬂnmgrtﬁrohgﬁ eéd:hgmeﬂ‘?ﬁ %he%Iagé‘Ch.
pi xel in the rectangle by an anount determ ned "by the |ightness nmultiplier
of that pixrrching for stupkes gnd/erightness prafilesshiracictissisditred-cyr feemteseach ar ea

in the Tist of afeas refaligthd 1%t of} ;%)s\s{%le features, attempting to find an isolated area

of correctable pixels which could correspond to a red-eye feature;
recording each successful attempt to find an isolated area in a list of areas;
15 analysing each area in the list of areas to calculate statistics and record
properties of that area;
validating each area using the calculated statistics and properties to determine
whether or not that area is caused by red-eye;
removing from the list of areas those which are not caused by red-eye;
20 removing some or all overlapping areas from the list of areas; and

correcting some or all pixels in each area remaining in the list of areas to reduce

the effect of red-eye.

The step of generating a list of possible features is preferably performed using the

25  methods described above.

In accordance with a further aspect of the present invention there is provided a method
of correcting an area of correctable pixels corresponding to a red-eye feature in a digital
image, comprising:

30 constructing a rectangle enclosing the area of correctable pixels;



The determ nation of the saturation nultiplier for each pixel preferably
includes: on a 2D grid of saturation against |ightness, calculating the

di stance wb whei7pi xel 15 froma calibration point havi ng poTacEB@dT Ned

| i ght ness and saturation values; if the distance is greater than a
predeterm ned threshold, setting the saturation nultiplier to be 0 so that
the saturation of that pixel will not be nodified; and if the distance is

| ess than or equal to the predeterm ned7threshold, calculating the
saturation multiplier based on the distance fromthe calibration point so
that it 20 approaches 1 when the distance is small, and O when the

di st ance approacfgsmii thneshl i it I :
threshold and 1 at thggégl Silabr a’?jii’l olﬁulggﬁ?ﬁﬂa?tﬁacg%%E&egg&tg%g’ﬁlhgé%%m?ﬁg

cal i br at i onmpbiphier ¢edenlatedon Hedwsis 28 theriue slighteas arahsaR&5tion afittattfieel;
predeterm ned threshold is,.aghout 180...1n additi.on, the saturation

mul tiplier for d%%mﬁ?%la ]il%ahl%?)erséfné‘f HBlﬂ“i{r}%Pa#‘o%eqilf‘ tB‘hé?Ctﬂgié‘ePY AYCTAGRE " 1 ed"
- e if tive shueatibs nRelipReNinebaut oQxcldfdrARaME (RAGixeA radi al adj ust ment
is preferably applied to the saturation nultipliers of pixels in the
rectangl®, the ragilifyinadjessturatian efmeph piichip the setanglet thearsamoura tde@mmined
multipliers L xel. . NSl a . predetermned circle within the rectangle
unchanged, %ﬁ@eghﬁégﬁnﬁf‘%%gﬂr‘@%ﬁ%? fhﬁég\ﬁﬂqﬁﬁ‘?on?m 8 PCT/ GB03/ 00767 t he
saturation mul tipbiigyisg e Pitedss oPBi leltil ehdice@RERTY HLsmEit Cerhined
their previous _values at the predetermned circle to O at the coners of
the rect angb)étheh@@eﬁsaaplélpheraﬁﬁh@m{ hel ps to ensure the smoot hness of
the correction, so that there are no sharp changes in saturation at the
edge of the eye. 5 Asimlar radial adjustnment is preferably also carried
out on the Piefthittigsthisnilthé pletterdsysed ab cboetghatinsed ipmhalii &ff RERNEferred to
predet er m ngﬁjﬂ circle. In order to further snooth the edges, a new
saturation VEiplier may be calculated, for 10 each pixel inmmediately
outside the area of correctable pixels, by averaging the value of the
saturation nultipliers of pixels in a 3x3 grid around that pixel. A simlar
snoot hi ng Prodesminaioprod fter sabirgtiaramnitiptiedfot eah pited ptdfefablyasduaast tipliers,
once for the pixels Brou d the.edge.of the correctable area and once for
all of the pixel Qad tg{g{l Qfestgflgﬁtéqrb_gamst lightness, calculating the distance of the pixel

15  from a calibration point having predetermined lightness and saturation values;
if the distance is greater than a predetermined threshold, setting the saturation
multiplier to be 0 so that the saturation of that pixel will not be modified; and
if the distance is less than or equal to the predetermined threshold, calculating
the saturation multiplier based on the distance from the calibration point so that it
20  approaches 1 when the distance is small, and O when the distance approaches the

threshold, so that the multiplier is O at the threshold and 1 at the calibration point

In a preferred embodiment the calibration point has lightness 128 and saturation 255,
and the predetermined threshold is about 180. In addition, the saturation multiplier for a

25  pixel is preferably set to O if that pixel is not “red” — i.e. if the hue is between about 20
and about 220.

A radial adjustment is preferably applied to the saturation multipliers of pixels in the
rectangle, the radial adjustment comprising leaving the saturation multipliers of pixels

30 inside a predetermined circle within the rectangle unchanged, and smoothly graduating



15 The lightness multiplier of each pixel is preferably scaled according to
the nmean of the saturation nmultipliers for all of the pixels in the

rect angl ewols@7e8ep of nodifying the saturation of each pipcaliGrBebmrabl y
includes: if the saturation of the pixel is greater than or equal to 200,
setting the saturation 20 of the pixel to O0; and if the saturation of the
pi xel is less than 200, nodifying the saturation of the pixel such that
the nodified saturation = (saturation x8(1 - saturation nultiplier)) +
(saturation multiplier x 64). 25 The step of nodifying the |ightness of
each pixel preferably includes: if the saturation of the pixel is not zero
and the i . j 1.5 t Q.. i fyi he | ightness
Such that e Tr e o P B e Broce iR ot BePiEh v
03/ 071781 YvaREF/AGBOS/PRQEGTminvdoritkdy td 0 ftuht RemeredpcR tdreanaUMhisOfadfaed i N
the red-eye fe a further reduction t he saturation of each pixel

. eat , -
may be appl qdélﬁ?rfl‘ifjl{t%&*ptsé?’ e ﬁl?fd‘fm?%%ﬁqs%ﬁft g‘F QOHEC: P &Rat dhere arednd shyp ness

of the pi xelhafA@s6H 5REGiBRAVEe clififofiBleal ue of the pixel is higher than
both the green and blue values. 5 Even after the correction described

above, sone red-eye features may still not look natural. Generally, such
eyes do not, have a highl.ight and, corrected, are_ predom nantly nmade
up of |ight? SH’H@%{HG&Q?%‘E’!“%P’;?E%. Pfﬁ"%r??ga%g%ﬂﬁ%&@rf&ﬁ P tHode thebnepommltipliers,

pref erably dimehgdesednslhidnrsientheicthiteatcieR, and |ightness of the pixels in
the area to 10 give the effect of a bright highlight region and dark pupi

region therearound if the area, after correction, does not already include

a bright highli ion and.dark pupil region therearound. This y be
ctected by QiSRG SheOtue B Y Bry b CRPRars Bl R iebey oY 15
conpri sl@s paxiebixehanined atel yobutsit@ tHenesaSofasdeket QWle SRk, Byl ABragfioTHE J41L0Gr @
hi ghlight region conprising a small nunber of pixels within the area,
nodi fyi ng tthesitighemandtipliess ofquxels ix 4 33 gid awsndthat pixepi Asimilirrsnidoehing
simul ated hi hlight ggﬁon so.t hat %h? Einulated. ,

process 18’ preferably carried out on the lightness mulfipliers, once for the pixels around

the edge of the correctable area and once for all of the pixels in the rectangle.

15 The lightness multiplier of each pixel is preferably scaled according to the mean of the

saturation multipliers for all of the pixels in the rectangle.

The step of modifying the saturation of each pixel preferably includes:

if the saturation of the pixel is greater than or equal to 200, setting the saturation

20  of the pixel to 0; and
if the saturation of the pixel is less than 200, modifying the saturation of the
pixel such that the modified saturation = (saturation x (1 — saturation multiplier)) +

(saturation multiplier X 64).

25  The step of modifying the lightness of each pixel preferably includes:
if the saturation of the pixel is not zero and the lightness of the pixel is less than

220, modifying the lightness such that modified lightness = lightness x (1 — lightness

multiplier).



hi ghl i ght region conprises pixels wth high saturation and |ightness, and
reducing the |Ilightness values of the pixels in the area outside the

si mul at edwbioglti7ght region so as to 20 give the effect offCa/GRskopapil. It
wi |l be appreciated that the addition of a highlight to inprove the | ook of
a corrected red-eye can be used wth any red-eye detection and/or
correction nethod. According to another aspect of the present invention,
therefore, there is provided a nmethod ob 25 correcting a red-eye feature in
a digital image, conprising adding a simulated highlight region of |ight
pi xels to the red-eye feature. The saturation value of pixels in the

si mul ated hy I i i _Preferably t ixels in a
pupi | regigﬁqg?%ﬂﬁgm?ﬁgkgﬂﬁu aﬁ@%mﬁpgﬁﬁﬁgﬁﬁw#%%FS%&%E%XaégﬁhgﬁﬁﬁﬁiaPt%his
may be ef f etht edtubyion\D A3 PEEV Biky 1@ PEEGE) 31 Q0HRS fnddiRddkioh W MBe SatfidaBbe
regi on of pi %I haviqgshigh | i ght pess and | ow saturation, eroding the
edges of t haél)éf fehinest elythe Rixeh defstiRschiboue the red valveefdhe Rixghis hjgher thagi tmth

decr easi ng i the pixels in the flare region; and increasing
t he saturat%ggﬁgh%H?Pg%SEQ%% of the pixels in the sinulated highlight 5
regi on. 5SThe correction need not be perforned if a highlight region of very

light pixels is faI rgady {)res%gt J4n the red-eye feature. 10 It wll be

appr eci at ed”Y a9t 1§ SOHEtIoRe %%l?%yaliodedéqné%tredaeyee@ﬁ%‘y"é pagtstitlenot look

aut omat i cal fafurl)  OHENI QuEPTHES 0! ot iLREd ded eggri bed
may thereforélbe applie tg fgd-ege ?ea?%rgghgﬁg%ﬁﬁ?Pgshgﬁ fﬁg%%ggf?gas
wel | as to fredamoimestly ohede ip iof dights ivmgattitated pinele.mdthe cotettém inethodethérefbre

outlined above. .15. Simlarly. . the step of identifying a red area prior to
correction %S%F@}%me’gﬁf H}Or‘?ééfl t?‘e Spy ti?Peaé‘ggkgg‘Bleﬁ%Bpgﬁtlﬂﬁﬁlﬁ i &hg yready for
feature® i den tHelcg@cidf A higshvBRMlight e S0k ‘Bﬁ&j@ﬁ}‘k%ugﬂrr i%%@foﬁﬁﬁ?&% 84, the
present invention, there i's provided a nethod f detecting red-eye

f eat ures i raftgr @pigeatih, davaget aleadpitichideg: brizht bighbghtireging and darkerupd regon eye
feature coq&QegﬁuQ esent around a reference pixel in the imge by
attenpting rdentify an isolated, substantially circular area of

This may be effected by determining if the area, after correction, substantially
15 comprises pixels having high lightness and low saturation, simulating a highlight region
comprising a small number of pixels within the area, modifying the lightness and
saturation values of the pixels in the simulated highlight region so that the simulated
highlight region comprises pixels with high saturation and lightness, and reducing the
lightness values of the pixels in the area outside the simulated highlight region so as to

20  give the effect of a dark pupil.

It will be appreciated that the addition of a highlight to improve the look of a corrected
red-eye can be used with any red-eye detection and/or correction method. According to
another aspect of the present invention, therefore, there is provided a method of
25  correcting a red-eye feature in a digital image, comprising adding a simulated highlight
region of light pixels to the red-eye feature. The saturation value of pixels in the

simulated highlight region may be increased.

Preferably the pixels in a pupil region around the simulated highlight region are
30  darkened. This may be effected by:



correctabl e pixels around the reference pixel, a pixel being classed as
correctable if it satisfies at |east one set of predeterm ned conditions
froma plwoaBiorysof such sets. 25 One set of predeterm ne®CTGrRIZDBAS Nay

i nclude the requirenents that the hue of the pixel is greater than or

equal to about 220 or less than or equal to about 10; the saturation of
the pixel is greater than or equal to about 80; and the |ightness of the

pi xel is less than about 200. WD 03/071781 11 PCT/ GB03/ 00767 An additi onal
or alternative set of predeterm ned conditions nmay include the

requi renents either that the saturation of the pixel is equal to 255 and

t he |ight ness ofj; Qi 3 bSoi - - el t the hue of
the pixel is grel(fllte ;étlri@%tn%a&r?%? ke}éﬁgﬁlg& g{}g{‘ﬁ fﬁgﬁg&g&é easnéi I?Yk{tag%tu{)atrtmgqual to
about 20, the satrodiagitoredgbs ohie fliaxetegios tgdeamenc tHeamblagddughlizht regita;
saturation of thg Eixel ﬁs.l SS tgﬁgﬁél 8 X Ié%htness - 92), the saturation
of the pixel isCGFEan8Me ghingssoq g pixelyinthelare remon; agdq t he | ght ness of
the pixel is greatRhsing AaNsaRatbn 2001 r I 14 i e ive
set of predeterm ned c%nditions na%ﬂﬁﬁgﬁﬁgékpﬁgpﬁggg%tgﬁﬁégg%ﬁggh@ﬂggﬁthe
hue of the |6B%&8 is greater than or equal to about 220 or |ess than or
equal to about 10, and that the saturation of the pixel is greater than or
equal to about 128. The step of analysing each area in the list of areas
preferably Ticéoresonlgde@ms Be Pefseda if 4 Biohliolrboiof j i e,

| um nance and/or saturation OP t he pixelgﬁi%ﬁgﬁgggpgg?§€%§@§%§%5%$§mﬁy
devi ati on ofre§eREinhered-¢igifpdtiee and/ or saturation of the pixels in the
area; the nean and standard deviation of the value of hue x saturation,
hue x lightness and/or |ightness x saturation of the pixels in the area;

20 t he Bum Iofwill e apprecined thdt idisfibeneRsRsy londdiieea réd 1By RAGE: ANGhHically in
saturation bgtween adj acent pixels for all of the pixels in the arga; t he

sum of the % %ro‘iouQ"éTeG%lituQQ‘C&OWP$9%F@H@6§U$trﬂCmﬂ%€dImfm Hereferearedipplied to
O S S rer T

measure of the’nu ITterences 1h Tightnes
automatic detection method outlined above.

15 Similarly, the step of identifying a red area prior to correction could be performed for

features detected automatically, or for features identified by the user.

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 determining whether a red-eye feature could be present around a reference pixel
in- the image by attempting to identify an isolated, substantially circular area of
correctable pixels around the reference pixel, a pixel being classed as correctable if it

satisfies at least one set of predetermined conditions from a plurality of such sets.

25 One set of predetermined conditions may include the requirements that the hue of the
pixel is greater than or equal to about 220 or less than or equal to about 10; the

saturation of the pixel is greater than or equal to about 80; and the lightness of the pixel

is less than about 200.



25 predeterm ned threshold between adjacent pixels; a histogramof the
nunber of correctable pixels having fromO to 8 i medi ately adjacent
correct abWwe opioxeBs; a hi st ogram of the nunber of uncorrectrablGBopioxml s
having fromO to 8 immedi ately adjacent correctable pixels; WO 03/071781
12 PCT/ GB03/ 00767 a neasure of the probability of the area being caused by
red-eye based on the probability of the hue, saturation and |ightness of

i ndi vi dual pixels being found in a red-1leye feature; and a neasure of the
probability of the area being a fal se detection of a red-eye feature 5
based on the probability of the hue, saturation and |ightness of individual
pi xel s bein HASh 4t N fe u red-eye.. Th

nmeasur e of ‘ig%egcg#%%’é‘%l I?ta?/tg %% ﬁ%(ﬁcejsear(zf{a ele%gﬁ%n;égs g(g’%o@gnseglaé’ héél;’ ‘the
preferably reqltet@mﬁntsqedlebyha&\ﬂw slaalraﬂn(gl bhmeqnxd:l hgreguat taress an@ﬂ@%g%kﬂes@bi‘a S

in the ar eg, rod ct .10 th pendent probabilities of the hue,
| i ght ness ahﬁpg(ﬁi &gyt %"I‘Q?é%?%% 08 H’ﬁ%@élo f theeting] i SigAEr an@fﬁ@@léq/e

feature. T%oﬁ?%ﬁ“bﬁl&i tﬁah%r@'qgglatg'ajbbﬁtyﬂpft ¢ Qﬁuﬁﬁ&? oPfild nﬁg %1 is a%rga(? e gL ect i on
is simlarly preferably determ ned by eva uat1ng the ar {Rngt mean, over
all pixdls abDUt 5i& the emyratén vhene pixed iclesslthan{1.8 Ixdighntepevdgnhe pAaRabh bf ties
of the hue, hi ness and saturation values of each pixel being found in

detected f eﬂé& &? Hogrealg &g (hy >r bghtasss ~ 98D epnd thp lightngssapinthe pxed it giedter t he
area is analy, QQP 8 the area categorised according to the hue, |um nance
and saturation pi Xel s in said annulus. 20 The step of validating the

area preferably includes conparing the statistics and properties of the
area with whi ch may depend on the type

p enfdeéerm ed threshol ds and tests
of feature ‘é grt ‘Fre%dcgté‘?l‘é‘étoéciﬂte@@tl"lﬁrléets@febfeéﬁteﬂ@m|Cﬁgd1§©1ﬂﬁsmw iaclude the
over | apyp nQe@hF&?enftsr e t;h@‘?xug o the 11%65} Fg %%?ﬁa%ro%l%l Xali o'y gtdﬁ%)s GQIPArI Y

all areas in‘the |Ist areas w areas
or equal to about 10, and that the saturation of the pixel is greater than or equal to about

128.

The step of analysing each area in the list of areas preferably includes determining some
15 orall of:

the mean of the hue, luminance and/or saturation of the pixels in the area;
the standard deviation of the hue, luminance and/or saturation of the pixels in the area;
the mean and standard deviation of the value of hue X saturation, hue X lightness and/or
lightness X saturation of the pixels in the area;
20 the sum of the squares of differences in hue, luminance and/or saturation between
adjacent pixels for all of the pixels in the area;
the sum of the absolute values of differences in hue, luminance and/or saturation
between adjacent pixels for all of the pixels in the area;
a measure of the number of differences in lightness and/or saturation above a
25 predetermined threshold between adjacent pixels;

a histogram of the number of correctable pixels having from O to 8 immediately

adjacent correctable pixels;

a histogram of the number of uncorrectable pixels having from 0 to 8 immediately

adjacent correctable pixels;



if two areas overlap because they are duplicate detections, determning
which area is the best to keep, and renoving the other area fromthe |i st
of areas;wo@303(78i71781 13 PCT/ GB03/ 00767 if two areas ovePCaRs/oomar |y
overl ap because they are not caused by red-eye, renoving both areas from
the list of areas. The invention also provides a digital inmage to which any
of the nmethods described 5 above have been applied, apparatus arranged to
carry out any of the methods described Bbove, and a conputer storage nedi um
havi ng stored thereon a program arranged when executed to carry out any of
t he net hods descri bed above. Thus the automatic renoval of red-eye effects

i s possi bl e YgdREeeSOf tinar, ]y q;(/&yﬁ{ ates, wi t:h Iimted
or no hunman ovearsiegﬁ{ %?p?%%gg{t?'lgﬁi %‘Qi %?:{lu egcé)%?&ibgpg%c?é)ﬁ R’I eéldo? otgé
per sonal coprpbatelity,ofphe Integ smyradomandlighpnéss of irglividu] plxebbeipaoendm a part abl e

Vi ew ng devg cgs PDAs, scanners, nobile phones, electronic books, public
di spl ay sysyte ﬁ%tur(asﬁ%% as those used at concerts, football stadia etc.),

vi deo canerasncabi@b @fithé g?@babiﬁi@)a@ KIS are& dje%d.gnzg f%lger' Pnﬁgﬁﬂ)tnz o’} 9&98%65 FdaPie

equi pment or receiving equipnent), digital "15 editing equipnent,
di gi t al pr dyased onshe prohebilify-ofi thphag, wysatemsanddightpEho b imdidthieg piXdobeing

passport phot 0s). eferred e dinents of the invention wll now be
descri bed Bff(l)ur\}ébj %?aéggg%flé’re ﬁl%u nﬁg’y\ffﬁﬁyereference to the acconpanyi ng
drawi ngs, in which: 20 Figure 1 is a flow diagram show ng the detection and

renoval of red-eye features; Figure 2 is a schematic diagram show ng a
typi cal redlheyscpane piethe xmolibylity eof3thiesarga dreanghcatehibygretieye siat peferdtdbn  and

| i ght ness b i; vpi.cal . e 1l feature;. Figure 4 is raph
show gt he Lt DLl HPHE et B et Rt pingls B R . B el
feature0 30f\Ek GidiePotitiétlprbbabil (R0 Bt @e/ué, lightness and saturation values of each pixel

being found in a red-eye feature.

The measure of the probability of the area being a false detection is similarly preferably
determined by evaluating the arithmetic mean, over all pixels in the area, of the product
15 of the independent probabilities of the hue, lightness and saturation values of each pixel

being found in detected feature not caused by red-eye.

Preferably an annulus outside the area is analysed, and the area categorised according to
the hue, luminance and saturation of pixels in said annulus.

20 ,
The step of validating the area preferably includes comparing the statistics and
properties of the area with predetermined thresholds and tests, which may depend on the

type of feature and area detected.

25  The step of removing some or all overlapping areas from the list of areas preferably
includes:
comparing all areas in the list of areas with all other areas in the list;
if two areas overlap because they are duplicate detections, determining which

area is the best to keep, and removing the other area from the list of areas;



14 Figure 5 is a graph showi ng the |ightness behaviour of a typical type 3
feature; Figure 6 is a graph showing the saturation and |ightness behavi our
of a typiwelospypyel 4 feature; 5 Figure 7 is a graph show mgTidB®3®etear at i on
and |ightness behaviour of a typical type 5 feature; Figure 8 is a
schematic diagramof the red-eye feature of Figure 2, show ng pixels 10
identified in the detection of a Type 1 feature; Figure 9 is a graph

showi ng points of the type 2 feature ofl3igure 4 identified by the
detection algorithm 15 Figure 10 is a graph showi ng the conpari son between
saturation and lightness involved in the detection of the type 2 feature

of Figure 4; Fi gif@oltedsSovarlds @PHea?HOCWeHQp HB&ukd ryrkﬁ§§1099ﬂlséd Bitred gy,

derivative behavi our of the type feature of Figure 5; 20 is a
di agram i | | ¥50VEE hegh angas &@ﬂneth@mwém@g%d area of pixels for m ng a feature;
Figures 13a and Figure 13b illustrate a technique for red area detection;

25 Figure 14 shows an array of pixels indicating the correctability of

pi xel s in thg afveayon alsbProfdesl PAiand ihage shaMcrRadpehan sHRoas d%é&ft}eﬁ'g
pixels in the array of Figure 14; "Figure 16 shows ‘an array of scored

pi xel s genettevedayes besntdpelied. raparaius Firghged tmarrsoum}o@/t@enmmwescnbed

PCT/ GB03/ 00 r C Iag! |IIustrat| ener ally the
met hod usedzq%geldgg%t& f rss'toqe% Iﬁ&ﬂﬁ%‘ }{%VI% Bt r ec eéebqne %{Pérﬁng?rg gy
Figure 16; &iequeetdl@rshawany bﬁthamah/od@ﬁedangadi@bcﬂw@.w'[h the net hod used to

find the edges of the 5 area in one row of pixels; Figures 19a and 19b
show the nethod used to follow the edge of correctable pixels upwards;

Thus the automatic removal of red-eye effects is possible using software and/or

10 hardware that operates with limited or no human oversight or input. This includes, but is
not limited to, personal computers, printers, digital printing mini-labs, cameras, portable
viewing devices, PDAs, scanners, mobile phones, electronic books, public display
systems (such as those used at concerts, football stadia etc.), video cameras, televisions
(cameras, editing equipment, broadcasting equipment or receiving equipment), digital

15  film editing equipment, digital projectors, head-up-display systems, and photo booths
(for passport photos).

Some preferred embodiments of the invention will now be described by way of example
only and with reference to the accompanying drawings, in which:

20

Figure 1 is a flow diagram showing the detection and removal of red-eye features;
Figure 2 is a schematic diagram showing a typical red-eye feature;

25  Figure 3 is a graph showing the saturation and lightness behaviour of a typical type 1

feature;

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

feature;

30



10 Figure 20 shows the nethod used to find the top edge of a correctable
area; Figure 21 shows the array of Figure 16 and illustrates in detail the
met hod uswo o807178pl | ow t he edge of the correctabl e area; PETKiIRpaw&7622 shows
the radius of the correctable area of the array of Figure 16; Figure 23 is
a schematic di agram showi ng the extent of an annulus around the red-eye
feature for which further statistics are to be recorded; 20 Figure 24
illustrates how a saturation nultipliergis calculated by the distance of a
pi xel's |ightness and saturation from (L,S) _ (128,255); Figure 25
illustrates an annul us over which the saturation nultiplier is radially

gr aduat ed,; [ | at t ixels.for whjch,the saturation
mul tiplier F?@‘rgﬁg%{l %rea%ﬁ S%ﬁ%éﬁ%&??ﬁ%%@é@g L% %%‘?\%ﬂ hie 3&§@Pfemhi ch the

| ightness nmultiplier is radially graduated; 30 WO 03/071781 PCT/ GB03/ 00767
16 Figure 28 shows the extent of a flared red-eye follow ng correction;

Fi gure 29 SHBHE O4S Gr §1@Ph AhQuHng the sasurpfieq andylighinessihghatipur & iypickl hped 28
have been f%aqﬁlﬂéced to a simulated highlight; 5 Figure 30 shows the grid of
Figure 28 showi nhg only pixels with a very low saturation; Figure 31 shows
the grid of Figure 30 followi ng the renoval of isolated pixels; 10 Figure
32 shows t ri.d of Figure 29 follow ng a conparison with figure 31;

Fi gure 33 ﬁ%&&%lﬁé‘ %‘F‘Pl?nglEﬁmﬁgé}EﬁWatF% sl ghyness Jshaienst ofi mgpicahypFidgur e
34 shows t hggel d of Figure 32 followi ng edge snoothing. 15 A suitable

al gorithm for processing of a digital imge which may or may not contain
red-eye features can be broken down into six discrete stages: 1. Scan
?2&?232 S_ea(ﬁiqglﬁé &e}s 51rgcltler}rﬁ"aujcr’rg}ggeraxlnogtk {hre]:grezlgarye ffgﬁxgr%r ngngHg[ 2,0 gh%l\JVringl rIl)ixels

10  identified in the detection of a Type 1 feature;

Figure 9 is a graph showing points of the type 2 feature of Figure 4 identified by the

detection algorithm;

15  Figure 10 is a graph showing the comparison between saturation and lightness involved

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

Figure 11 is a graph showing the lightness and first derivative behaviour of the type 3
feature of Figure 5;
20

Figure 12 is a diagram illustrating an isolated, closed area of pixels forming a feature;
Figures 13a and Figure 13b illustrate a technique for red area detection;

25  Figure 14 shows an array of pixels indicating the correctability of pixels in the array;
Figures 15a and 15b shows a mechanism for scoring pixels in the array of Figure 14;

Figure 16 shows an array of scored pixels generated from the array of Figure 14;
30



This produces a list of features. 20 2. For each feature, attenpt to find
an area containing that feature which could describe a red-eye,

di sregar awog3feasures for which this fails. This producesPaTIGBB/00BF ar eas.
3. Anal yse each of the areas, and calculate statistics and record
properties of each area that are used in the next step. 25 4. Validate
each area, applying nunerous tests to each area based on its properties

and statistics. Use the results of thesg tests to determ ne whether to keep
the area (if it may be a red-eye) or reject it (if it clearly is not a
red-eye). 5. Renove areas that interact in specified ways. 6. Correct those

areas that i ess. and nodi fying . the 0 saturation
and |ight neligﬁqt%oln]plrs 61d£9 é’mg&é cIi]1 %ﬂi’inﬁggeﬂﬁrﬁﬂ?’é% @8@03\6 @g?(btfli?%fi’ they
These stageaigawftheptsmmce@te%fﬂlefat@y\/ofimgfeam in Figure 1. PCT/ GB03/00767

The output fromthe algorithmis an inmage where al |l detected occurrences of
red-eye 5 have been corrected. If the image contains no red-eye, the

't by be CREPeraaT i et RS PR P LR Y melrb RSB R FE e

det ect ed amaea inameecy ef pixels; t he algorlthn1 but it is Ilikely that the user
will not notice these erroneous "corrections'. 10 The inplenentation of
each of the stages referred to above will now be described in nore detail.

Stage 1 - FggiM§ @%ﬁ@qbb%ow le:i')lﬂ@tg&% hsedl 1o ﬁ)‘ilo{i/r ﬁn%‘d%é”gdq?ﬁgﬁt%ﬁlg s%lx%i)

pi xel s are represented by Hue uration

val ues. Thewpsvirdsse i mage is then scanned in horizontal |ines,

pi xel - by-pi xel , searching for particular features characteri stic of
red-eyes. These features are specified by patterns w thin the saturation,

i ght nets. amgmeag sﬁ&\ﬁyfh'é'n'ﬂélhéd‘usee@@ﬁﬁ@ﬂtte't&{ AG&% eeea | Seq; 1 NCI udi ng
patterns in the differences in val ues bet pi xe ’

Figure 21 shows the array of Figure 16 and illustrates in detail the method used to

follow the edge of the correctable area;
15  Figure 22 shows the radius of the correctable area of the array of Figure 16;

Figure 23 is a schematic diagram showing the extent of an annulus around the red-eye

feature for which further statistics are to be recorded;

20 Figure 24 illustrates how a saturation multiplier is calculated by the distance of a pixel’s

lightness and saturation from (L,S) = (128,255);

Figure 25 illustrates an annulus over which the saturation multiplier is radially

graduated;
25

Figure 26 illustrates the pixels for which the saturation multiplier is smoothed;

Figure 27 illustrates an annulus over which the lightness multiplier is radially

graduated;
30



Figure 2 is a schematic diagram show ng a typical red-eye feature 1. At the
centre of the feature 1 is a white or nearly white "highlight" 2, which is
surroundewolm/nai?segi on 3 corresponding to the subject's papidBo3ion7erhe
absence of red-eye, this region 3 would normally be black, but in a
red-eye feature this region 3 takes on a reddi sh hue. This 25 can range
froma dull glowto a bright red. Surrounding the pupil region 3 is the
iris 4, sonme or all of which may appearg to take on some of the red gl ow
fromthe pupil region 3. The appearance of the red-eye feature depends on a
nunber of factors, including the 30 distance of the canera fromthe

subj ect t variation WO 03/071781
PCT/GBOS/007gy%?§Shﬁggﬂg%?%Pﬁggéﬁbggﬂgg ﬁgg§ﬁ¥“”5%%(in particul ar the
behavi our of the hlghlight In sone red-eye features, the highlight is not
vi si bl e at practice, red-eye features fall into one of five

cat egori es: 153‘S‘m”T SI?Q"YSS% g5ig ’é’gWh&?hl t§ecﬂ@§q QH‘ﬁisekﬂle&%ﬁedTyp@glm 28 Hiage bewur s
when t he ey@d@éhltg)i}gnﬂgate&ﬂ%hﬁ%q eye feature is large, as typically found
in portraits and close-up pict és. The highlight 2 is at |east one pixel
wide and is clearly a separate feature to the red pupil 3. The behavi our
of saturatl ht ness f xempl ary Type 1 feature is shown in

Fi gure 3. gur’?@gél‘%‘gff éﬁtgﬁltde%f é)%ﬂfﬁ?g WK g ﬁ%lYéyéﬁl%Wﬁhtﬂl"te%@“t%@f%@k eye
feature is snall or distant fromthe canmera, as is typically found in

gr oup photdgraphs The highlight 2 is smaller than a pixel, so the red of
the pupil nifiges ishows the gsidalf|Figure a0 Gdlloming eresmoval ofisk)mtdsti;ghéls .ght, turning
an area of the pupil pink, which is an unsaturated red. The behavi our of
saturation and |ightness for an exenplary Type 2 feature is shown in 15
Figure ¥ Hy®@e 33 shewsé the@sides ype 2
features, bufg they are n(;%t$1 a?ésuégg?glgoﬁhﬁ%%ggm %e%@%l;‘%?gﬁ‘?ﬁgg?ound in group
phot ographs where the subj ect is distant fromthe canmera. The behavi our of
| i ght ness f 3, feature is sho in Figure 5. 20 Type 4
f eat ur es oc@%l?r%mﬁ%ﬁovt%z ;%1 I%e%ureéellti%ﬁamn&teélﬁe SPEADNgy 2 tt1 e or no visible
iris, or when the alignnment of the canera |lens, flash and eye are such

that a |arger than
1gure 34 shows the grid of Figure 32 following edge smoothing.

15
A suitable algorithm for processing of a digital image which may or may not contain
red-eye features can be broken down into six discrete stages:
1. Scan through each pixel in the image looking for features that occur in red-eyes.
This produces a list of features.

20 2. For each feature, attempt to find an area containing that feature which could
describe a red-eye, disregarding features for which this fails. This produces a list
of areas.

3. Analyse each of the areas, and calculate statistics and record properties of each
area that are used in the next step.

25 4. Validate each area, applying numerous tests to each area based on its properties

and statistics. Use the results of these tests to determine whether to keep the area
(if it may be a red-eye) or reject it (if it clearly is not a red-eye).

5. Remove areas that interact in specified ways.

6. Correct those areas that remain, removing the redness and modifying the

30 saturation and lightness to produce a natural looking non-red-eye



usual anount of light is reflected fromthe eye. There is no distinct,

wel | -defined highlight, but the entire pupil has a high |ightness. The hue
may be fawolog/ountBf orm over the pupil, or it may vary sub®CaAMBAII] SO
that such an eye may | ook quite 25 conplex and contain a |lot of detail.
Such an eye is known as a "flared" red-eye, or "flare". The behavi our of
saturation and lightness for an exenplary Type 4 feature is shown in
Figure 6. Type 5 features occur under imlar conditions to Type 4, are
not as light or saturated, such as pupils which are a dull red gl ow,

and/or do not contain a 30 highlight. The behavi our inside the feature can
vary, but the region imedi ately WD 03/071781 19 PCT/ GB03/ 00767 outside the
feature is nore clearly defined. Type 5 features are further categorised
into four "Ehese stagasgoe repsesesed bsheflbwatiagran it Bigeld Bd according to the

hi ghest value of saturation and |ightness within the feature. The

behavi our of saturation and |ightness for an exenplary Type 5 feature is
shown in FiTHY Sutput o thOAUBRHH id 8n RASS Rh&relM &@d’t&dﬂ'oéc%li‘rcﬂé%? IVRES O
feature in one scan, it is conputationally sinpler to scan the |nag¥ in
nul tipl & pHuyedeeEgeteqithsE theamagresorftans ao red-ngd, ehe dutphi iscan inyqre vatiich

feature, a rom t final phase. whjch sinultaneously detects all of
the Type SH%]%)S- qué’? tgﬁ%a:]ﬁ'etsh? tge ﬁ}'glée Tpﬁtsﬁ?elﬁe_eg% W{l"”o % ]%‘{?étuﬁ‘?sﬁ Wejimaghe
hi ghl i ght ofhieh Fesemble fe@alyeichsbig\iRe deté@bd ahil WdrRled! BY HRNalofMnd, tut {tSs
unusual to find areas this saturated el sewhere on facial prctures.

Sinilarly, lHsbtthaithe user Wil aptnasice\ihdse eraneouli‘epireciigpsi.ness val ues. Figure 3
shows the saturation 10 and 15 lightness 11 profile of one row of pixels in
an exenplary Type | feature. The region in the centre of the profile with

hi gh saiOur afticcimpadedthgdit ofeashagrthe speadfeféreed Reatdve il HYw b @gi@bed2n The
pupil 13 in this exanple includes a region outside the highlight region 12

in which tHBOIﬁi@?@Fls have |ightness val ues | ower than those of the pixels in
the highlight. It is also inportant to note that not only will the
saturation and |ightness

Stage 1 — Feature Detection

The image is first transformed so that the pixels are represented by Hue (H), Saturation
15 (S) and Lightness (L) values. The entire image is then scanned in horizontal lines,
pixel-by-pixel, searching for particular features characteristic of red-eyes. These
features are specified by patterns within the saturation, lightness and hue occurring in
consecutive adjacent pixels, including patterns in the differences in values between
pixels.
20
Figure 2 is a schematic diagram showing a typical red-eye feature 1. At the centre of
the feature 1 is a white or nearly white “highlight” 2, which is surrounded by a region 3
corresponding to the subject’s pupil. In the absence of red-eye, this region 3 would
normally be black, but in a red-eye feature this region 3 takes on a reddish hue. This
25  canrange from a dull glow to a bright red. Surrounding the pupil region 3 is the iris 4,

some or all of which may appear to take on some of the red glow from the pupil region
3.

The appearance of the red-eye feature depends on a number of factors, including the

30  distance of the camera from the subject. This can lead to a certain amount of variation



20 val ues of the highlight region 12 be high, but also that they wll be
significantly higher than those of the regions i medi ately surroundi ng
them Thewolangesin saturation from the pupil region 13 traTidmn3bdhl i ght
region 12 is very abrupt. The Type | feature detection algorithm scans each
row of pixels in the image, looking 25 for snmall areas of light, highly
saturated pixels. During the scan, each pixel is conpared with its
precedi ng nei ghbour (the pixel to its |&t). The algorithm searches for an
abrupt increase in saturation and |lightness, marking the start of a
highlight, as it scans fromthe beginning of the row This is known as a
"rising edgm'the mofaremese ﬂgu&el,gmdha@amﬁm tHed@hhvibirest, thé highlighex gh send t he
fol | ow ng pixels (assum ng t have a sim|arly high 30 saturati on and
| i ght ness) %ﬁeeYPé%Waédhe glrstl lghtaﬁn%\flﬂbke 2lp In praghecn red-eyonfeatyrasdalt e, WO
03/ 071781 ZQEQEﬂ&¥9§]QQ 67 marking the other edge of the highlight. Thi s
is known as "fall 5 edge". After a falling edge, the algorithmreturns
to searching for a r|S|ng edge mar ki ng the start of the next highlight. 5
A typical algorithmmght be arranged so that _a rising edge is detected if:
1. The % xe! i dedirghtaceent ﬁrd&@éaateg a8 UNHRs bn Thisxgyurs avhemiihe pyscexhibiging
significantly v i S 4P I
aturation - e os e rodR s i 1*8%%@0%5? R S vicgeyy,
| i ght ness val (Ghe(Highgighn2 $satleds2 8he ﬂlﬁel4w1d'5fmdp$ ¥lehrinasepurate échturbye tHe2t0 - <
hue _< 255 or 0 he risin e is_located on the pixel being
exam ned. A f &P ﬁguﬁﬁg@h?@z"&fé{f @Euéﬁlqnf%d%’ca%g‘eﬁﬁ §o& |an jegegplapy ?Y%ﬁf@a&“ﬂf’ ess
saturat ed thang §fiviPngNs QLS. one (previous pixel's saturation - this
pi xel 's saturation > 64%. 15 The falling edge is |located on the pixel
pr ecedi HY t he Type 2lfeatngs examiwied theﬁmyeaaimtﬁimg\mle r@éﬁﬂ(feb&rq)srsﬁmnrmdhso&ﬂtl e
searching for the falling ed %gr a defined nunber of pixels
exanpl e 10) hatpm Bhfeﬁar’é%g’n?s ’gcf frund; igagrARp Rhetqeraphy él“a@énghltgh{-_ﬂ is

al gorithm gi vemaler haek bixal, k9thelbe of e |p'ugﬂ G RGEwitH sﬂﬁﬁ% tf%n'ce‘ﬁegsqﬁ; )

there is a 20 maxi mum si ze that a high In a red-eye ure can
obvi ousl y t hi ghahighliglhty ylrmdgperﬁda:mgf the fupd mizeviith ihen phetturnedasd The

nature of its bé z{]Vtigur}to sgltfu(r)a{tlon anqqlg%tness for an exemplary Type 2 feature is shown in

15 Figure 4.

* Type 3 features occur under similar conditions to Type 2 features, but they are not
as saturated. They are typically found in group photographs where the subject is
distant from the camera. The behaviour of lightness for an exemplary Type 3
feature is shown in Figure 5.

20 e Type 4 features occur when the pupil is well dilated, leaving little or no visible iris,
or when the alignment of the camera lens, flash and eye are such that a larger than
usual amount of light is reflected from the éye. There is no distinct, well-defined
highlight, but the entire pupil has a high lightness. The hue may be fairly uniform
over the pupil, or it may vary substantially, so that such an eye may look quite

25 complex and contain a lot of detail. Such an eye is known as a “flared” red-eye, or
“flare”. The behaviour of saturation and lightness for an exemplary Type 4 feature
is shown in Figure 6.

* Type 5 features occur under similar conditions to Type 4, are not as light or
saturated, such as pupils which are a dull red glow, and/or do not contain a

30 highlight. The behaviour inside the feature can vary, but the region immediately



hi ghlights will be snaller in group photos than individual portraits at the
same resolution). The algorithmmay determ ne the naxinum hi ghlight wdth
dynam calwg,03/0bz8ed on the size of the picture and the pr®parcBoonoml that
size which is likely to be 25 taken up by a highlight (typically between
0.25% and 1% of the picture's largest dimension). If a highlight is
successfully detected, the co-ordinates of the rising edge, falling edge
and the central pixel are recorded. 30 ] 03/071781 PCT/GBOS{OO?G? 21 5 10
15 20 25 The algorithmis as follows: for each rowin the bitmap | ooking
for rising edge = true [loop from 2nd pixel to |ast plxel I f | ooking for

d 1 a 'S
500 S0 s N ) 2Bl 90 PPt
pi xel > 128 aido four. “suh-laetegcﬁndshiof thei ﬁé@tlureZ 14betied 59_001(@n% A the lﬁgﬁdsﬂgalﬁ@g? =

this pixel [|ooking for rising e = false end if else end if if previous
pi xel ps sat uréattP’@Hg’E E‘J@%@FSSSW Ny gt fegtiire 64he tghaviour of saturation and

lightness for an exemplary Type 5 feature is shown in Figure 7.

5
Although it is possible to search for all types of feature in one scan, it is
computationally simpler to scan the image in multiple phases. Each phase searches for a
single, distinct type of feature, apart from the final phase which simultaneously detects
all of the Type S sub-categories.
10

Type 1 Features

Most of the pixels in the highlight of a Type 1 feature have a very high saturation, and it
is unusual to find areas this saturated elsewhere on facial pictures. Similarly, most Type
1 features will have high lightness values. Figure 3 shows the saturation 10 and
15  lightness 11 profile of one row of pixels in an exemplary Type 1 feature. The region in
the centre of the profile with high saturation and lightness corresponds to the highlight
region 12. The pupil 13 in this example includes a region outside the highlight region
12 in which the pixels have lightness values lower than those of the pixels in the
highlight. It is also important to note that not only will the saturation and lightness
20  values of the highlight region 12 be high, but also that they will be significantly higher
than those of the regions immediately surrounding them. The change in saturation from

the pupil region 13 to the highlight region 12 is very abrupt.

The Type 1 feature detection algorithm scans each row of pixels in the image, looking
25 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
beginning of the row. This is known as a “rising edge”. Once a rising edge has been
identified, that pixel and the following pixels (assuming they have a similarly high

30  saturation and lightness) are recorded, until an abrupt drop in saturation is reached,



record position of rising edge record position of falling edge (previous

pi xel ) record position of centre pixel |ooking for rising edge = true end

if if | ookbregofoslrising edge = false and.. ..rising edgePaasRianented nore
than 10 pixels ago |ooking for rising edge = true end if |oop end end for
The result of this algorithmon the red-eye feature 1 is shown in Figure S
For this 30 feature, since there is a single highlight 2, the algorithm

will record one rising edge 6, one falljng edge 7 and one centre pixel 8
for each row the highlight covers. The highlight 2 covers five rows, so
five central pixels 8 are recorded. In Figure 8, horizontal |lines stretch

fromthe pi - the risjn . t.h ixel at the falling edge,

Circles sho%lvg{]%@ }hgc(gt ?roend g&%fﬁﬁegglgéﬁgl}taﬁﬂﬁﬁ Xe RO a%Bé 11113) #g- ;H ‘ﬁ@ef_ a .
det ecti on ofalligpeigd, thealgarigsn hdné heschRaMH i & &kin@Rd0f mhhen SERLT hgel 1n
each row of the_fgatureguthe detection aP%%rithnﬁ%Dvgsnhn t% Type_%ﬂ
features. TWéhEghl‘—'élatt ures 40 Type 2 features cannot be detected w t hout

using features of the pupil to help. Figure 4 shows the saturation 20 and
| i ghtness 21 profile of one row of pixels of an exenplary Type 2 feature.

The featiur eAhpsicd aVgryhidingphtietarateduiadot tBatn: fishgd &eS8MEAd @0 and |i ght ness
WO 03/071781 22 PCT/ GB03/ 00767 channel s, which gives the graph an
appear ance 5i mPE&Xel & highlysatemed{sapnbonnd 28bsi ne waves. The extent of the

pupi | 23 i s)rggqdi ﬂ)iXeld s %%nﬂ?ﬂnﬁ;g Mol NSt ﬁ;[ainoﬁ'lecllilrre\\;%hs tor}lee Etglds H(Fe):i’ls
saturation — previous pixel’s saturation > 64).

3. The pixel has éhigh lightness value (lightness > 128)
10 4. The pixel has a “red” hue (210 < hue <255 or 0 < hue < 10).

The rising edge is located on the pixel being examined. A falling edge is detected if:
* the pixel is significantly less saturated than the previous one (previous pixel’s
saturation - this pixel’s saturation > 64).

15  The falling edge is located on the pixel preceding the one being examined.

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 is that there is a
20 maximum size that a highlight in a red-eye feature can be — obviously this will vary
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

25 taken up by a highlight (typically between 0.25% and 1% of the picture’s largest

dimension).

If a highlight is successfully detected, the co-ordinates of the rising 'edge, falling edge
and the central pixel are recorded.
30



5 being nore saturated than its surroundings. The effect of the white

hi ghli ght 22 on the saturation is also evident: the highlight is visible as
a peak 22wpre3phesi i ght ness curve, wth a correspondi ng diPcep/GBU3Setear at i on.
This is because the highlight is not white, but pink, and pink does not
have hi gh saturation. The pinkness occurs because the highlight 22 is
smal | er than one pixel, so the small anpbunt of white is mxed with the
surrounding 10 red to give pink. Anothgr detail worth noting is the rise
in lightness that occurs at the extremties of the pupil 23. This is due
nore to the darkness of the pupil than the lightness of its surroundings.
It is, ho ro.a. fdistingtive characteristic of this type of red-eye
feature. \i\?ﬁehaelg%letﬁrélé f‘%ﬁotug%%a Type 2 feature is perfornmed in two phases.
First, the fpuprdh o3 injwlemtinte ed usi ng the saturation channel. Then the

| i ght ness channe]11°°‘?1§9 EHpEREY T8 - “€onfirmation that it could be part of a
red- eye § eature. “Bactyrou o} [0 X&I.E75s scanned as for a Type 1 feature,
with a search being made fors8uwsebn 0f tRisX8ks Sadsi shying certain 20
saturation conditions. Figuhis 9xaghowsutdipnsapievatd prke?Q andadibghtshass. 21
profile of the red-eye fedi®feess Pf tsisrrareéd 13§ Fitgure 4, together with
detectafy e pixels “a' 24, ~hpye oD ghis pixel 2_2@110 orgf 1pthen* o' 28 “f' 29 on the
saturation curve 20. The first 1;@@59&@? L?ﬁ@e?@:qui fied is the fall in
saturati on between pixel “da i25 and pi xe 2% c' 15%. The al gorithm
'searches for an adjagent pair of pixels in which one pixel 25 has

szﬁt u][ atjon >_ I100 and L he ifchfF‘%VgczZ ';ﬁi’zg%g@%migg?ir%ﬁrsaSaEtlwat i;emhetnhan
the first pixel 25. This is n {Cl taf e | y_demandj ng because it
i nvol ves two adj acent points amizgxagggi oﬁéfccggﬁg@ggo%gr{?reﬁo%séfme ' is defined
as the pixel 26 further to the wbight rom tibinthege + @ARr saturati on. Havi ng
establ ished the | ocation 2846f pixel “c', the position of pixel 30 "b' is
known ifplicitly-it i¥the pixel 25 preceding V. WD 03/071781

PCT/ GB03/ 00767 23 Pi x€l1008ng kS LiRGMREL- irpROLLant of the two-it is the
first peak in the sat.uifibd edyeGus UeecteiMi@ieerhan COBIxEPLRMI Ng trough in

i ghtn shoul d be found lofkiphéorhyiginbiegdet = tmepart of a red-eye feature. 5
The al rithmtheggllgore&@érfses left from b 25 to ensure that the saturation
val ue fall sy for °

The result of this algorithm on the red-eye feature 1 is shown in Figure 8. For this
30  feature, since there is a single highlight 2, the algorithm will record one rising edge 6,
one falling edge 7 and one centre pixel 8 for each row the highlight covers. The
highlight 2 covers five rows, so five central pixels 8 are recorded. In Figure 8,
horizontal lines stretch from the pixel at the rising edge to the pixel at the falling edge.
Circles show the location of the central pixels 8.
35
Following the detection of Type 1 features and the identification of the central pixel in

each row of the feature, the detection algorithm moves on to Type 2 features.

Type 2 Features

40  Type 2 features cannot be detected without using features of the pupil to help. Figure 4
shows the saturation 20 and lightness 21 profile of one row of pixels of an exemplary

Type 2 feature. The feature has a very distinctive pattern in the saturation and lightness



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

sat urati owoiog/otsi gnated 'a'. Pixel "f' is then found byPCT&HRIBH0T6Q
rightwards from c¢c' 26 until a pixel 29 with a | ower saturation than 10
"a' 24 is found. The extent of the red-eye feature is now known. The

al gorithmthen traverses leftwards along the row from f' 29 until a pixel
28 is found with higher saturation thap its |eft-hand nei ghbour 27. The

| eft hand nei ghbour 27 is designated pixel "d* and the higher saturation
pi xel 28 is designated pixel V. 15 Pixel "d' is simlar to "c'; its only

pur pose is i turation, pixel V..A final .check is nmade
to ensure t‘ﬁ‘%{‘&?ﬁ?’%f@g%@ﬁ%% gre%ﬁ anbappga%ﬂceemmglﬂ t%g)%{e%c%e?me 43t GPRES on

than the higinest peak. 20 It will be appreciated that if any of the
conditions above are not fulfilled then the algorithmwl| determ ne that
it has not found a Type 2 feature and return to scanning the row for the

N 1

next pair i i : o pixels .b" and  c' of a Type
> Teatar e. e et M IbiERs ity BSRANS AopRhs Sarfraish i, harfpurt

Condi ti dn HeengSabre stireted chan<tsSatronadingsn (The ernudt Sﬁthérvaﬁieqn%}mgh?zz 19Qnab
Saturation has been continuously rising froma to b and Saturation(a) _< 50
of Saturat i%ﬁ\‘ﬁ“}on{s e ?I}to%(ﬂéalg%h%&tmla%ei ¥nt dvak2Ban theakightmase Cuin,

03/ 071781 24ibe ; b on( ( rafio Saturation(e))
PCT/ GBO3/ 00767 cOnLpRRHE RPN Srurlon THTEKRARIh Rl Rln PR VRS, BRE

sat ur ati on mukvedpmkriagenet IBivhhigh smeniode lbe patkneFhecae beciubOhe &l @ight hm

then conparges the,saturatiaon with the |lightness . of pixels a" 24, "b' 25,
‘e’ 28 and fzfsls S?ﬁl,lerzéa%%ﬂx?lnsqf%ﬁ?%” i’@gu‘ﬁtdﬁéf‘fm@rls tad witethe sprpendingi xel
35 of tie fle@wgieeggﬁki_ ned as pixel g half way between "a' 24 and "f' 29.
The hue of pixel g is also a consideration. If the feature corresponds
to a Type 2 feature, the follow ng conditions nmust be satisfied:

Pi xel Descr i&ﬁoitﬁer}%%pa?li \EVE)I%Q n;Jf:ilxllg 12sAiEee ?itséj {neligsr;[tr?ersts Iﬂllzg Pg)tccnuerg %t ae%?(grgéuat}gs%? the
pupil 23. This is due more to the darkness of the pupil than the lightness of its
surroundings. It is, however, a distinctive characteristic of this type of red-eye feature.

15
The detection of a Type 2 feature 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 feature, with a search being made for a set of pixels satisfying certain

20  saturation conditions. Figure 9 shows the saturation 20 and lightness 21 profile of the
red-eye feature illustrated in Figure 4, together with detectable pixels ‘a’ 24, ‘b’ 25, ‘¢’
26, ‘d’ 27, ‘e’ 28, ‘f’ 29 on the saturation curve 20.

The first feature to be identified is the fall in saturation between pixel ‘b’ 25 and pixel
25 ‘c’ 26. The algorithm searches for an adjacent pair of pixels in which one pixel 25 has
saturation 2 100 and the following pixel 26 has a lower saturation than the first pixel 25.
This is not very computationally demanding because it involves two adjacent points and
a simple comparison. Pixel ‘c’ is defined as the pixel 26 further to the right with the

lower saturation. Having established the location 26 of pixel ‘c’, the position of pixel

30 ‘b’ is known implicitly—it is the pixel 25 preceding ‘c’.



"b' 25First peakSaturation > Lightness 35Centrelightness > Saturation and
Li ght ness ? 100, and: 220SHue<_2550r0 Hue 10 "e' 28Second peakSaturation >
Li ght nesswoOf03/02i7Beat ur e endLi ght ness > Saturation 10 |t wrPCr/dB®3mnateed t hat
t he hue channel is used for the first tinme here. The hue of the pixel 35
at the centre of the feature nust be sonewhere in the red area of the
spectrum This pixel wll also have a relatively high |ightness and md to
| ow saturation, making it pink-the colZur of highlight that the al gorithm
sets out to identify. 15 Once it is established that the row of pixels

mat ches the profile of a Type 2 feature, the centre pixel 35 is identified
as the centre point 8 of the feature for that row of pixels as shown in
Figure 8, in a simlar manner to the identification of centre points for
Type 1 feabiseled’ dedernpredmapbom. of2he TWeeit3is Feafitst @sakrinethd spweatioorcurve,

al gorithmt i on T . tures. . F.gure 5.shaws, it he.light pess
profile 31 ‘gg&gq?%)\%% BQOHS?H%eﬁrés{‘pg?‘ olfﬁ lgl%gxse%olu}adrzbg%ﬁ’g lgaﬁﬂﬁﬁllﬂf%’ﬁfs %%pf)g?:at ed
roughly in M@ey3f&tiké81 25 PCT/ GB03/ 00767 the centre of the pupil 33. The
hi ghlight will not always be central: the highlight could be offset in
either direction, but the size of the offset will typically be quite smal
(perhaps t efy,p glé?ﬁMEhehqﬁv@R§§ left REGAYS ?St tlaeenfs@f@ttHgtethE ts% l Jtio'nsvaﬂ?evle g Very
| arge. 5 Type eatures are based around a very general characteristic of
red-eyes, viémitibheusht smil aipixdl 24 hhyg alsaanstiohyptucoff €80 i @soshensd. [hthkigur es
3 and 4. This is the "W shaped curve in the lightness channel 31, where
the centr al thp&ase the Eﬂﬁ'bpﬁ?bﬁ NaHne such »saturation a5 designated; wo Prrelighds then
correspond i he: kL eso 7 U R 1 pe
of T oature CedP Xl Ooh BT BRILALLER, 96 uhifs BP0 fin ¥Bwettuuldbusn

i mges, land‘a’ 20 infosnd.dhe exreahcfethe ardecyedtato@us edw liowed- eye. The net hod for
detecting Type 3 features is sinpler and quicker than that used to find
Type 2 features. The feature is identified by detecting the characteristic
W shape ifhe Li3BrithingMeACSs et Y&itddds T¥ng the BeTERh "R YinEXAFiR B¢ & he
di screte anal ogue 34 of the

found with higher saturation than its left-hand neighbour 27. The left hand neighbour

27 is designated pixel ‘d’ and the higher saturation pixel 28 is designated pixel ‘e’.

15  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 than the highest peak.

20 It will be appreciated that if any of the conditions above are not fulfilled then the
algorithm will determine that it has not found a Type 2 feature and return to scanning
the row for the next pair of pixels which could correspond to pixels ‘b’ and ‘c’ of a

Type 2 feature. The conditions above can be summarised as follows:

Range Condition
bc Saturation(c) < Saturation(b) and Saturation(b) > 100
ab Saturation has been continuously rising from a to b and Saturation(a) < 50
af Saturation(f) < Saturation(a)

ed Saturation(d) < Saturation(e)



15 first derivative of the lightness, as shown in Figure 11. Each point on
this curve is determned by subtracting the |lightness of the pixel

i mredi at eWwg wo7t78e | eft of the current pixel fromthat ofPcriaBocwoTéENt

pi xel . The al gorithm searches along the row exam ning the first derivative
(difference) points. 20 Rather than anal yse each point individually, the
algorithmrequires that pixels are found in the follow ng order satisfying
the follow ng four conditions: PixelConglition First 36D fference-20 Second
37Difference30 Third 38D fference-30 Fourth 39Difference ? 20 There is no
constraint that pixels satisfying these conditions nust be adjacent. In

other 25 wordg, the 2 pixel th a difference
val ue of -20 or | omr?b&%;alélw@%%%%g?%ﬁ%%@@ Fﬁtﬁ%? m | owed eventually
by a pixel 37 with a difference value of at |east 30, followed by a pixel

38 with a difference value of -30 or lower, followed by a pixel 39 with

val ue of atlf leteicop@itionhateempts agfeatise FHpHanDEY ?hessgt%atm enye n Figurd Bdas
attern-in I |t els | thqugh this
et o et SRR JPHRB! Selac i3 ol it ORGP hS e Bl B Toe AR,

addi ti onal ofgigéls fada4] B’ Qﬁ,a‘te 2t fhRs tas Bigowid Flg@rege tocgbﬁleg@ﬁh&fetceh&élst
one pos;{lve ?r%d E | east o e negative) in the saturation channel between
the fir Xelmtp pfdag fesgure SF s Dacel |'g gl washbatyeenay 26 and &f 2Aed’hadue_ 30.

10 Finally, oft hRelCgNtsr Ao PRbAGddrhdif. Oy B 36, and
| ast 39 pi erIBs] ?ng Sgure 11y hust haveeh%B{ur é%EEll&?s‘raltgtah{?r ah eeahgﬁ’oth < Hue
<_ 255 or OfOngHlm:ogdltlbﬁs m‘ﬁhld)e@amsfueall pi xel 8 as shown in Figure 8 is
defined as the central point mdway between 15 the first 36 and | ast 39

pi xel s. Type 4 Features These eyes have no highlight within or abutting the
red-eye regionpixgp t he&Lhasaet er tohiifisn

‘a’ 24 Feature start  Lightness > Saturation

‘b’ 25 First peak Saturation > Lightness

‘g’ 35 Centre Lightness > Saturation and Lightness > 100, and:
220 <Hue <255 0r0<Hue <10

e’ 28 Second peak  Saturation > Lightness

‘727 Feature end  Lightness > Saturation

10 Tt 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
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.

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

shown in Figure 8, in a similar manner to the identification of centre points for Type 1

features described above.

20  Type 3 Features

The detection algorithm then moves on to Type 3 features. Figure 5 shows the lightness

profile 31 of a row of pixels for an exemplary Type 3 highlight 32 located roughly in



of a highlight cannot be used to detect them However, such eyes are
characterised by 20 having a high saturation within the pupil region.

Fi gure 6 wbea®7t7Be pi xel saturation 100 and |ightness 10PCaaiBO300TBM a
single row in such an eye. The preferred nethod of detection is to scan

t hrough the image | ooking for a pixel 102 wth saturation above sone
threshold, for exanple 100. If this pixel 102 marks the edge 25 of a
red-eye feature, it will have a hue in 4she appropriate range of reds, i.e.
above 210 or less than 20. The algorithmw Il check this. It will further
check that the saturation exceeds the lightness at this point, as this is

I h LSt h Sat of ,.red-eye.. The al gorithmw.ll. then_ scan
Tert t1om che ek ot e pholl 331 HBE pRhuBECH Y B gl BedBh o P feentighl GRidms o
begi nni ng_dfe bifectsiateithat idirsctions dut THei Sizé Sf dRNBEARE WRREPHaNG He%uitehﬁn&r# st

WO 03/071781 PCT/ GB03/ 00767 27 significant mninmumin saturation to the
left of thePRIDGRS CAPLTCAY 3Ldhe BPsid beaayse thadeaiwsdtself reneyar varatdrgm fal | may not

be nonotonic, but nmay include snmall oscillations, this scan should
continue to look a little further - e.g. 3 pixels - to the left of the
first | dcal Typei hiaatmres drefhiasaisaroamida vorgrgedenl gnaiceridtie ofirsekbyss0disibayvieg t he
| owest sat uraf}i (}n f?gaglg 5 as_marking the feature's beginning. The

al gori t hm vitItPe {'4BR r{fbfneg%’éeafumffn%mw& iRiaures 8 andt4 ohhisiix dic “Wo2shapedki ng
a significg ' 'HEIE'Eh i ' rﬁﬁﬁ f feature.
Agai n, becaug‘t(’ae ﬁ;tﬁée Sat %gth?lglr??fia;w}?\%% H%ectg?%%l e mﬁ?\tg%g%hglgﬂl 1% ??gjran F{? peak
but may i nctheéizo tronghisencarespand rboghdy taviheiexaemaizs®f stepipslt 136 28] 331 Thss typeui r ed
at, this st .. The preferr i.npl.ementation wll include an algorithm
such as the‘%?ﬁuﬁwsn%“?{? tac%gfﬁbﬁq‘gﬁt PYTHES Wit Sely frgmienen in Ry fmesess ard om
first hioghl sosakeuradness Q&ﬁgﬂcauggdigymddeyé\lod Tries > 4 OR at end of row OR
gone 40 pixels right 15 if sat rises between this and next pixel 20 record

sat here increment NoOfTries loop right three nore pixels if not beyond
row end if "ﬁl?ealtnetﬁgd %grOfJetcgt?mg Type 3 features is simpler and quicker than that used to find

Type 2 features. The feature is identified by detecting the characteristic “W’ shape in
the lightness curve 31. This is performed by examining the discrete analogue 34 of the
15 first derivative of the lightness, as shown in Figure 11. Each point on this curve is

determined by subtracting the lightness of the pixel immediately to the left of the

current pixel from that of the current pixel.

The algorithm searches along the row examining the first derivative (difference) points.
20 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
Fourth 39 Difference > 20

There is no constraint that pixels satisfying these conditions must be adjacent. In other

25  words, the algorithm searches for a pixel 36 with a difference value of -20 or lower,



(recorded sat - sat > 10) set StillH ghOrFalling flag record this pixel

25

30 35 end if end loop else end if set EdgeReached flag end if end loop if

NOT EdgeReaohmdi7sf Still H ghOrFalling go back to outer

pi xel

FoundEndOf Sat Drop flag record this pixel

where . . . stillH ghOFalling was set end if else end if set

algorithmis hereafter referred to as the SignificantM ni mum al gorithm

wi |

be

readi |y observed that

not actually a local mninmm WO 03/071781 PCT/ GB03/00767 28 If the

FoundEndOf SatDrop flag is set, the algorithmhas found a signifi cant

fsat ;” ation foﬂb\%d'!:'\;@n&ﬁﬁ b|y a ﬁQEl 37 %v tﬂ%smh@feh?éjvalﬁggf Epfegstlﬁ)hfocﬂ |W§dt
eat ure.

A pi xel hawixel 38iwigh sdufzfdrdrncn v’a]uece)é -3(ori Ibwver, ifglidwedd tyha pxELBRAWItA NV aliRIof at han

200.

10

15

20

25

30

The criteria f I cant

uratiron m ni mi

least 20. There is a maximum permissible length for the pattern—in one example it
must be no longer than 40 pixels, although this is a function of the image size and any

other pertinent factors.
An additional condition is that there must be two ‘large’ changes (at least one positive
and at least one negative) in the saturation channel between the first 36 and last 39

pixels. A ‘large’ change may be defined as > 30.

Finally, the central point (the one half-way between the first 36 and last 39 pixels in

Figure 11) must have a “red” hue in the range 220 < Hue < 255 or 0 < Hue < 10.

The central pixel 8 as shown in Figure 8 is defined as the central point midway between

the first 36 and last 39 pixels.

Type 4 Features

These eyes have no highlight within or abutting the red-eye region, so the characteristics
of a highlight cannot be used to detect them. However, such eyes are characterised by
having a high saturation within the pupil region. Figure 6 shows the pixel saturation

100 and lightness 101 data from a single row in such an eye.

The preferred method of detection is to scan through the image looking for a pixel 102
with saturation above some threshold, for example 100. If this pixel 102 marks the edge
of a red-eye feature, it will have a hue in the appropriate range of reds, i.e. above 210 or
less than 20. The algorithm will check this. It will further check that the saturation

exceeds the lightness at this point, as this is also characteristic of this type of red-eye.

The algorithm will then scan left from the high saturation pixel 102, to determine the

approximate beginning of the saturation rise. This is done by searching for the first

| oPpTABIZNOKT7t he

as the end of the sat drop 40 This

It

it may iggentify a pseudo-m ni mum which is

1.



5 2. The saturation does not drop substantially (e.g. by nore than a val ue
of 10) wthin three pixels to the right. 3. No nore than four local mninm
i n satur awpeg/oowweur between the first highly saturated piPkelGEDGRA0Ad t hi s
pi xel. 10 The left 103 and right 104 saturation pseudo-m ni ma found above
correspond to the left and right edges of the feature, and the algorithm
has now | ocated a region of high saturation. Such regions occur with high
frequency in nmany inmages, and many are #ot associated with red-eyes. In
order to further refine the detection process, therefore, additional
characteristics of flared red-eyes are used. For this purpose, the
preferred 1§ghifiphiBiAtALMAA sidutdiiot $€ tHeheftlof gt Nigh Sa@EiR8 pikdi162) Bgtane | f
the feature 1s indeed caused by red-eye, the |ightness curve will again
forma ~W %rsparatign:fallmpgy seitstrmanqtenic, kuyt sayhnelude smalioseifaticnsdhisciseng a

si ngl e peak . f d |} atjo I - en
the left ant ?Fﬁﬁ@ﬁgﬁg§§h8ﬁbgﬁgﬁfég®ﬁ$e bggbgggﬁénsﬁ?@ewhgfﬁ?ﬁggggg?%ﬁat

| east two | mérdmubi gHindesandnthen desigdfe thi @ixe| ADX dbeinghhs Bbwesf fatantbn foghd

nei ghbours bot h have higher lightness). If so, there is necessarily at

| east one  #SURAKINELRE 1§ §PCEAB8al gori t hm al so checks that both of these
m ni ma 105, 106 occur on pixels where the saturation value is higher than
the lightness value. Further, it wll check that the | owest |ightness

bet ween t heThevaldarighvhnedk thannscma fightnivom| teehigh hatur2Tort pxes @) esekafg thhe
two |ightness mnim 105, 6 - i.e. the pixel with the | owest |ightness
bet ween t heSF{ ﬁ‘i‘%é’é‘é‘”ﬂﬁ“ﬁilg}g 11 gRgura eyt ﬁh@g‘kﬁéheo“ﬁ’éi Q?fthfi ﬁét“ﬁo‘g%’&’ahegause
l'ightness  fHeRbiBaibBinayl A& dedfRgsd Ih&mt&%zﬁly flod ifseﬁhﬁ)bﬁt foh § SR 1IR iftele@dt! ¥
hi gh value, so the prefierred inplenentation 30 requires that, sonewhere
bet weenl® helocelf tminddaarspme gophis@étion ght neegsired natnethist séagei ghitenemrsferiedes
above sone threshold, e.g. 8. In addition, it.is characteristic of flared
V0 0/ 071 7P §iss a8 ap alko Rk iRt e folPr Gl RAceTERIRh deti at f on
curves cross, typically just inside the outer mnima of saturation 103,
104 that defdopeidrbeniat pixelswirdh Birsd henpr efentadixéimpkamrent ati on checks

t hat th? | i ght ness and -saveptztieon 4dB dtrrdéed rer 0% goneMosBxelt hrésht di f f er ence
bet ween!? he | i ghtheatstig PUECTEAL BA "EtirREY nust exceed 50 at some point 5
within the feature. Ifoall THSequired criteria are satisfied, the

al gorithmrecords theiocop right three more pixels
if not beyond row end
20 if (sat >= 200) OR (recorded sat - sat > 10)
set StillHighOrFalling flag
record this pixel

end if
else
25 set EdgeReached flag
end if
end loop

if NOT EdgeReached
if StillHighOrFalling
30 go back to outer loop and try the pixel where
. stillHighOrFalling was set
else
set FoundEndOfSatDrop flag
record this pixel as the end of the sat drop
35 end if
end if
end if
end loop

40  This algorithm is hereafter referred to as the SignificantMinimum algorithm. It will be
readily observed that it may identify a pseudo-minimum, which is not actually a local

minimum.



detected feature as a Type 4 detection. The Type 4 detection criteria can
be summarised as follows: High saturation pixel 102 found with saturation
> 100. 1owonBghi7smt urati on pixel has 210 < Hue < 255 or OPCTHIBY340750.

Local saturation mnim 103, 104 found each side of high saturation pixel
and used to mark edges of feature. Saturation and |ightness cross tw ce
bet ween edges of feature 103, 104. At | east one pixel between edges of
feature 103, 104 has 15 Saturation - Lightness > 50. Two |ocal |ightness
m nima 105, 106 found between edges of ftfeature 103, 104. Saturation >

| i ght ness for each local |ightness mninmum Lowest |ightness between

| i ghtness m ninma 105, 106 found at one of |local |ightness_m nima 105, 106.

20 At | eaSthoReupiBrdOipabrereHag 1sgist ribs alepiitiprias fpgnd posembeant syHRHeRs >
128 The ceptd; fxel - Vel QU J } a ; I
poi nt m d\/\g{/&@g{rp\/\}e%ﬁ Iﬁog’%é?%@e%’%élﬁ t%igrl}gtri?yr?gq{ Eegﬁg%lgghc%? ﬁ%eﬁlgr}%{agt ure.
25 Type 5 Teatificans saftvatidy penidhugetaethaon al gorit hm does not detect all

flared red-eyes, The Type 5 al.gorithmis essentially an extensiqn of Type
4 which delect sAé%?f'Fg h8¥€‘i‘ Rigels Wiy thresfo it tﬂ‘itgéétﬂrab‘y?nt%e%ezog- det ecti on

al gorityyim 5 Fi gu ' O 2 [ 21 data
for a t{;pi %al ngeez%@%gg‘tﬁ u&rog%a ngﬂod% %l%/E %@%QEQS%O%C%? %(t)ﬂ??}l g%t?lg@é ‘?ﬁel%

preferred i npl ewshinahieopixafls tohike figlpe 5 det ecti on al gorithm commences by

scanni ng through the inma | opki,ng. f.or .a first saturation threshal i xel
305 i 1 St e Npi Biteu ey dous e RS of ol Giset Besnan ol A7 il S0
is found, the aéa@&ﬁieﬁ*ﬁﬂel&@%h&d&&ﬁik@. right until the saturation drops
below this saturation threshold and identifies 5 the second saturation

threshol d pixel 203 as the |ast pixel before this happens. As it does so,
it will0rethe kftt 8 adtrighaf 04 setaatompsengod-xehin0fbund bovei @esgongdas tiredefton.
The and right edges of the feature, and the algorithm has now located a region of high
saturation. Such regions occur with high frequency in many images, and many are not
associated with red-eyes. In order to further refine the detection process, therefore,
additional characteristics of flared red-eyes are used. For this purpose, the preferred
15  implementation will use the lightness across this region. If the feature is indeed caused
by red-eye, the lightness curve will again form a ‘W’ shape, with two substantial

trough-like regions sandwiching a single peak between them.

The preferred implementation will scan between the left and right edges of the feature

20  and ensure that there are at least two local lightness minima 105, 106 (pixels whose left
and right neighbours both have higher lightness). If so, there is necessarily at least one
local maximum 107. The algorithm also checks that both of these minima 105, 106
occur on pixels where the saturation value is higher than the lightness value. Further, it
will check that the lowest lightness between the two lightness minima is not lower than

25  the smaller of the two lightness minima 105, 106 — i.e. the pixel with the lowest
lightness between the lightness minima 105, 106 must be one of thel two local lightness
minima 105, 106.

The lightness in a red-eye rises to a fairly high value, so the preferred implementation
30 requires that, somewhere between the left 105 and right 106 lightness minima, the

lightness rises above some threshold, e.g. 128. In addition, it is characteristic of flared



feature is classified on the basis of this highest saturation: if it
exceeds sone further threshold, e.g. 200, the feature is classed as a
"hi gh satwpagior81type 5. If not, it is classed as "l ow fam@rsioon’. 10
The al gorithmthen searches for the [imts of the feature, defined as the
first significant saturation mnim 205, 206 outside the set of pixels
havi ng a saturation above the threshold. These mnim are found using the
Si gni fi cant M ni mum al gorithm descri bed 2%bove with reference to Type 4
searching. The algorithm scans left fromthe first 15 threshold pixel 202
to find the left hand edge 205, and then right fromthe second threshold
pi xel 203 t fedfdyad tHahehd ligthetand Regeric08urvekherodd, gpritdAlimusheRidecad Sulek ght
fromthe |l eft hand edge 205 conparing the |ightness and saturation of

pi xel s, to M of satyratien E%hsdPhgthel xdefing othenteateret wadihi gl epssfefred st
drops 20 be I I e. r ag,l

maxi mum pi xlé?ayi% ?s&t ?%%Eéhg%t %.@hfﬂs@% %‘g‘gg#gﬁ‘gglfég{?n‘.n?g&} gﬁsyf ?%lrsﬁg){} H%

ri ght hand éidfgecn20Getwaeh ithel lighhesoad saarrassi agves wabt &Q8cd Bhiac hommmplsmet he
pi xel before |jghtness crosses back above saturation inmmediately before
the right h¥Hareligdease: 5411 he grauiref erifgsizcarcrHRted dhe plgerianterPEshBun | n
Figure 7, t i i I . 207 and the first threshold pixel 202
are the sanggﬁﬁigﬁ%“ﬁ%QﬁfTﬁ&%£H§§%¥§Ciated that this is a con- incidence
whi ch has no effect on the further operation of the algorithm The

algorithmn cans fromthe first crossing pixel 207 to the second

crossi ng pi iﬁgf y@ofgﬁggtlogmqa[ﬁ?nt zi’t‘mé‘]&f‘ﬁ?da%)sit)é O%S| j ghtness for all pixels

bet ween t he tvypo. i ek - 3/ 00767 doing this, it
ﬁ%’%ﬁaﬁxréﬁon‘ %)ééi\gp@?é ZlI\Zﬁ}%%%ﬁﬁgé 69

will record the est va ght ness t Max), found at a |ightness
maxi mumi@i xel «20jghasachritive pigsldmt 2 V@K Hneo! 235 gt 0Eks <(40.ght M n) occurring
inthis range. The feature is classified on the basis of this maxi num
light ness: if % tLesdsaysation gpmimpl@3nidkfourd gachiside of hightsawraiioa nixel @pdssed

as "high lightneﬁ&htoﬁk@fé%%@?fh:nﬂé 5 classed as "low |lightness". The
characteristics so far 1demtified essentially correspond to those required

by the type 4 dgitggtionan@ligehedsitinss ARt Betvestl 6digesiofitdadirk t1y3 i 194t he "W
shape in the |ightness curve,
e At least one pixel between edges of feature 103, 104 has
15 Saturation — Lightness > 50.
e Two local lightness minima 105, 106 found between edges of feature 103, 104.
e Saturation > lightness for each local lightness minimum.
e Lowest lightness between lightness minima 105, 106 found at one of local

lightness minima 105, 106.

20 e At least one pixel between lightness minima 105, 106 has lightness > 128

The central pixel 8 as shown in Figure 8 is defined as the central point midway between

the pixels 103, 104 marking the edge of the feature.

25  Type 5 Features

The Type 4 detection algorithm does not detect all flared red-eyes. The Type 5
algorithm is essentially an extension of Type 4 which detects some of the flared red-
eyes missed by the Type 4 detection algorithm. Figure 7 shows the pixel saturation 200
and lightness 201 data for a typical Type 5 feature.

30



al so required by the type 5 detection algorithm The al gorithm scans right
fromthe left 10 hand edge 205 to the right hand edge 206 of the feature,
seeki ng awbiossti7Bocal m ninmum 210 in |ightness. This w | IPCh&GHe0et6ed even
if the mnimumis nore than one pixel wide, but no nore than three pixels
wi de. The | ocal |ightness m ni num pixel 210 will be the Ileftnost pixel in
the case of a mnimumnore than a single pixel wide. The algorithm then
scans left fromthe right hand edge 20630as far as the left hand edge 205 to
find a 15 second | ocal |ightness mninum pixel 211. This, again, wll be

| ocated if the mnimum is one, two or three (but not nore then three)

pi xel s wi derpddtirsy B 5 Gt g

detection. The a go?c} t%%&&egk%gﬁour q:?g% Osqt(%tet% 619 il %At&?@ %}Bﬁep?esstb)( ocal

| i ght ness nicahmugntRdOgh ahe hmake fddvding ft& 4 ifigétt m&stuﬁf) t}deﬂﬁﬂm(ptxei 2ok wieh OW
its value at that ni mum Th ithmsimlarly scans four pixels

the right oRMYRAR 3{5(98?18041%35??\ F‘Jg% é@% rBr?F?nF‘FﬁB‘rﬁ pitel 303 18 fraer, tﬁlﬁékgoflﬂléﬂ

li ghtness deass totRS rif@ dniPel %‘ﬁ’td i Vd% w i TR f ure
has been deternlnedn% gl S ow 11 %ﬁggﬁvtyp%“@k&b &mP épggggﬁgg%meen
25 Li ghtﬁvaxtharsdcq_nrigﬁatuwtmm @lr@heklk[ademmeassthe dast Ipagel i bbfod@dﬁs lhﬁ{ipeﬁ%(c @acdt sone
t hreshol d, els "low i ess " hi

saturation" doetS %8 gﬂ%ﬁ?@%ﬁﬁ% R‘? iph, JRax{ggn Pé’éeg&bgtwlgh h%%‘ﬁ%{lsﬁ%“%{%vgh% he

|i ght ness brhween dhgiffddr&t tRMBhsHEGFARE HEIRSE sNGraRb-elr S 89&3@\%9@@9&%? 81 32
PCT/ GB03/ 00767 208. This is sinply a way of checking whet her t ness
and sat ur at hessheldr ¢-85200,dbe fearpiees tohasped a6 & &highf Satmetldré’altypc S. i K fidyj ghs

l'i ght ness”, i m scans the pixels between the local 5 Iightness
m ni ma 210, d%%%i oqgﬁg% BiORat t he | i ght ness never drops bel ow the | ower of
the |igliness values of the local |ightness mnim 210, 211. In other

words, the mninmmlightness between the |ocal |ightness mnima 210, 211
must be at Bfealsprithigben searehesdor the lnmis qflthmfea@m@cief;np@as therfist sngmﬁdmt

al gori thm cgnger ,ﬁﬁvﬂﬁﬁé%%dé&tiﬁé? D9 dyPl; e][ ﬁ'éathr}%tza sé H:;)%tlo\%h%tmvﬁ th? he

both of these pixels e chec ensu
correct rantheshfldr dtsse iirémaiake fouad ublﬁg e Sighifioaht®in 2R Al REEUE dekPibed

above with reference to Type 4 searching. The algorithm scans left from the first

15  threshold pixel 202 to find the left hand edge 205, and then right from the second
threshold pixel 203 to find the right hand edge 206.

The algorithm then scans right from the left hand edge 205 comparing the lightness and
saturation of pixels, to identify a first crossing pixel 207 where the lightness first drops
20  below the saturation. This must occur before the saturation maximum pixel 204 is
reached. This is repeated scanning left from the right hand edge 206 to find a second
crossing pixel 208, which marks the pixel before lightness crosses back above saturation

immediately before the right hand edge 206.

25 It will be noted that, for the feature shown in Figure 7, the first crossing pixel 207 and
the first threshold pixel 202 are the same pixel. It will be appreciated that this is a con-

incidence which has no effect on the further operation of the algorithm.

The algorithm now scans from the first crossing pixel 207 to the second crossing pixel

30 208, ensuring that saturation > lightness for all pixels between the two. While it is



| f all of these checks are passed, the algorithmhas identified a type 5
feature. This 15 feature is then classified into the appropriate sub-type
of type Swessfoi7Bpows: Type 5 sub-Saturation type classifi eaficsbiogis7Low

H gh51 52 Light Lows3 54 These sub-types have differing characteristics,
which neans that, in the preferred inplenentation, they will be validated
using tests specific to the sub-type, not nerely the type. This
substantially increases the precision ofi the validation process for all
type 20 5 features. Since type 5 features that are not associated wth
red-eyes occur frequently in pictures, it is partlcularly |nportant t hat

val [ at | on dcin BREHT 4l RBSAARCHALE vk o BinelVBSarc ik S%uq LSS e

preci si on of having validators eci 0 PeAg

5. 25 The ﬁyman@nd@uebaohnmnkﬂm&®mamcanmbefa unaYBdsi § 2ghtRBn @&&ﬁﬁﬁ?]n tHRegi on
found havin ion > ?B/ 071781 33 PCT/ GB03/ 00767 I xel s at
edge of hi g%“%eatlﬂ?%%{f? s ?Séﬁwﬁaf?{}’et 1088is qfyfhis mpgmumdighigessi ddit asceeas gh
saturati on"sonfe ﬂ@é%h&@t WreatipoNg R0re istQ&Rkd égt‘ Hf, Qﬁ@@né& i 5 ]aezg’%e

found each side of high saturation region an o mark € é

features 5 clasied ay'dgwilighinpsskel s 207, 208, where |ightness and_saturatlon
cross, |located inside edges of feature 205, 206 and either side of maximm
saturation pixel 204. Saturation > lightness for all pixels between the

cr Sﬁf'n ggsplb Téltﬁl m‘é“ff%ﬁ;ﬁ%ﬁﬁgfaﬁ‘%ﬁgéd>@£eﬁﬁ” QbQ&PBh@F% ?éfeqh{]%@kﬁ%nyﬁl 8
210, 211 f chfefetionwdgaritergesnagierfseelt sinelagiQbis tROGW’ shape in the lightness curve,
also required by the type 5 detection algorithm. The algorithm scans right from the left
10 hand edge 205 to the right hand edge 206 of the feature, seeking a first local minimum
210 in lightness. This will be located even if the minimum is more than one pixel wide,
but no more than three pixels wide. The local lightness minimum pixel 210 will be the
leftmost pixel in the case of a minimum more than a single pixel wide. The algorithm
then scans left from the right hand edge 206 as far as the left hand edge 205 to find a

15 second local lightness minimum pixel 211. This, again, will be located if the minimum

is one, two or three (but not more then three) pixels wide.

At this point, type 5 detection diverges from type 4 detection. The algorithm scans four
pixels to the left of the first local lightness minimum 210 to check that the lightness
20 does not fall below its value at that minimum. The algorithm similarly scans four pixels

to the right of the second local lightness minimum 211 to check that the lightness does

not fall below its value at that minimum..

If the feature has been determined to be a “low lightness” type 5, the difference between

25 LightMax and LightMin is checked to ensure that it does not exceed some threshold,
e.g. 50.

If the feature is “low lightness” or “high saturation”, the algorithm checks that the

saturation remains above the lightness between the first and second crossing pixels 207,



No pixels up to four outside local |ightness mninm 210, 211 have | ower

| i ght ness than the corresponding mnimum |If "low |lightness", difference
bet ween nwoimswm78i ght ness and m ni mum 15 |ight ness bet we®CTWGRIBOHNTSG pi xel s
< 50 If "high lightness”, |owest |ightness between |ocal |ightness m nina
210, 211 found at one of local lightness mnima 210, 211. The central

pi xel 8 as shown in Figure 8 is defined as the central point m dway between
20 the pixels 205, 206 marking the edgeof the feature The location of all
of the central pixels 8 for all of the Type 1, Type 2, Type 3, Type 4 and
Type 5 features detected are recorded into a |ist of features which may
potentially. caused, by red- The f central pixels 8 in each
feature is %Or?eﬁhlrs SUtIERY ¢ ¥ aﬁ@%ﬁ%‘ﬂq Eﬂﬁ%{ﬁ? Héi}f{liféragdéat("éﬁupﬂ CPELRFEREe to
a Type 1 feabMitedntwilere is a central pixel 8 for each row covered by the
hi ghlight 2. This effectively neans that the feature has been detected
five times, and wll therefore need nore processi ng than is really

03/ 07178143 /. GB03/,0076 th
Foat ur os | dorl? TPRtey i KEBBAC e ARGVt TBately briecndns dpigba by

red- eye 5f eaightiess rrﬁhhﬁ@lOCQ!Lll o bfsutOtHAB the lfghﬁneﬁé(ﬁé%k eroﬂ%)'belldvg e foflet %’Pt ed
fromcorners qr edges of Obj ects. The next stage of the process therefore

attenpts tdhe dighifcharalueuch thedeed! dightiesmminiand Qé@,, 2%b tIhaothmeduoeqSe the
reduction i ‘nﬂﬁhmﬁghﬁ%ﬁ? wgéh léc% gl{tgésvw\gﬂnﬁrp 821“ a(‘q}[) u% Qtr% % dé%%?se

features. ere are a nunber o cr|

red- eye feahinims. as opposed to fal se features. One IS to check for |ong
strings of central pixels in narrow features - i.e. features which are
essentially linear in shape. These may be formed by 10 light reflecting

of f ed , I far £ check for
| ong s??isngrg}%:)?ﬁpl xe{; %ﬁf#ggﬁggnﬁg ?%QIREIP & E%rtg%ggﬁgaélﬁo@reég?@ré eis
pi xel s to 62, 204 Eedoeidffwtinbf thesppixtiorwit B&QIhhclteh&S%n@Lﬁertl@dtllpfhﬂs within

si mul t aneou sea t.hr ou h features identifyin strings" or
"chai ns" %‘c’:g?ﬁr?%Fa“ﬁFQéﬁgs 1j6f ltt tE%E)léf&r E@Wr%%qf@bowg% is defined as the
| engt h of the string of central pixels 8 (see Figure 8)

If all of these checks are passed, the algorithm has identified a type S feature. This

15 feature is then classified into the appropriate sub-type of type 5 as follows:

Type S sub- Saturation
type
classification High Low
. High 51 52
Light
Low 53 54

These sub-types have differing characteristics, which means that, in the preferred
implementation, they will be validated using tests specific to the sub-type, not merely
the type. This substantially increases the precision of the validation process for all type
20 5 features. Since type 5 features that are not associated with red-eyes occur frequently
in pictures, it is particularly important that validation is specific and accurate for this
type. This requires the precision of having validators specific to each of the sub-types of

type 5.

25  The Type 5 detection criteria can be summarised as follows:

e Region found having saturation > 100.



di vided by the |largest feature width of the highlight or feature, is
greater than a predeterm ned nunber, and the string is above a

pr edet er ivoad/ovsgt h, then all of the central pixels 8 aPeTrGBOMER7from
the list of features. Gtherwise only the central pixel of the string is
retained in the list of features. It should be noted that these tasks are
20 performed for each feature type individually i.e. searches are nmade for
vertical chains of one type of featureyzrather than for vertical chains

i ncluding different types of features. In other words, the algorithm
perfornms two tasks: removes roughly vertical chains of one type of

feature fromth Ilst of f where the aspect ratio of the chain is
greater than & Sl?éaléfa ﬁ({gﬁcggﬁlg‘esatuéﬁ@n PERpDaE B0 <Hye <Me vertical ly

central feature éfa@éﬁé@é@%%ﬁ SR S ﬁz{aﬁ'szﬂﬁra?lo P2§ ures where the aspect

ratio of the chain is less Than or equa efined value. 30 An

al gori t hm whi eh e satamtiohisnieardfisn206 ﬁnmdfea&}aﬁlics of Bighis¥@ratida! 8¥on WU
03/071781 35 for ach fag(fatctjg Eﬁ% CT/ GB03/ 00767 (the first section deals with
determini ng the ¥X & AROCIRANVP- of features - if any - starting at

{his on9) S mkercuiEall LSRu B0 URPEENS e Tl s los g, e

"widest radius' = the ra of this fea

features of the maude eﬂgqsseoﬁfaatuweOﬂwm)ﬁeandyelmr sRledfNahAniant bth@Abn fHB@I Ure’ s
y co-ordinate + and X co-ordinate = current feature's x co- ordl nat e

(with a toleran of 1) if an appropriate match is found nmake " current

fef'it ure' = the r@}tﬁgubx{ &%ﬁtn%%s}?ﬁo{]%g}%gis%t\{;reaen }rlle (i‘oss%gd&)s(gls 58’9,'2%% make

w dest radius' =the ra
* Classified as “high lightness” if maximum lightness between crossing pixels >

10 100.
* Two local lightness minima 210, 211 found between edges of feature 205, 206.
e No pixels up to four outside local lightness minima 210, 211 have lower
lightness than the corresponding minimum.
e If “low lightness”, difference between maximum lightness and minimum
15 lightness between crossing pixels < 50

* If “high lightness”, lowest lightness between local lightness minima 210, 211

found at one of local lightness minima 210, 211.

The central pixel 8 as shown in Figure 8 is defined as the central point midway between

20  the pixels 205, 206 marking the edge of the feature

The location of all of the central pixels 8 for all of the Type 1, Type 2, Type 3, Type 4
and Type 5 features detected are recorded into a list of features which may potentially
be caused by red-eye. The number of central pixels 8 in each feature is then reduced to
25  one. Asshown in Figure 8 (with reference to a Type 1 feature), there is a central pixel 8
for each row covered by the highlight 2. This effectively means that the feature has

been detected five times, and will therefore need more processing than is really

necessary.



end if end if 20until no match is found (at this point, “current feature
is the lower feature in the chain beginning at “upper feature', sointhis
section, wDoBleoBrai nis 25linear, it will be renoved; if i PCraRIaHbricy
circular, all butthe central feature will be renoved) 30 nmake "chain
height' = current feature's y co-ordinate - top feature's y _corord!nate
make "“chain aspect ratio' = chain height' / 'w dest radius' if chai n
hei ght' >= "m ni num chain height' and 3ghain aspect ratio" > "mninmum
chain aspect ratio' renove all features in the chain fromthe list of
features else 35 if “chain height' > 1 renove all but the vertically

central fe i .t i f features end i end [f 40
end for 45%“25?%%%1 lgﬁtaﬁpgst E%F%@%gr fd@ﬁgﬂ#%&g HAESRIF gheve WQI PHEEEGhd a
sui tabl e t lhedsimdddbyf md-cye featumsimOdias oAs pe ¢émical R exhfipld! BPIiEMIERected
although it will be appreciated that these can be changed to suit the
r equi r ementt OB LOBEF: ¢iciHest of Abgs. The nerk stagrl obthet irecase HienefereDeiteamnts tn

process a lelitfinf shARtALRSs kdnd BROGHCYs t@%@d—%?@%éﬁu%ti&? is not performed on

5  features which are not actually red-eye features.

There are a number of criteria which can be applied to recognise red-eye features as
opposed to false features. One is to check for long strings of central pixels in narrow
features — i.e. features which are essentially linear in shape. These may be formed by

10 light reflecting off edges, for example, but will never be formed by red-eye.

This check for long strings of pixels may be combined with the reduction of central
pixels to one. An algorithm which performs both these operations simultaneously may
search through features identifying “strings™ or “chains” of central pixels. If the aspect
15 ratio, which is defined as the length of the string of central pixels 8 (see Figure 8)
divided by the largest feature width of the highlight or feature, is greater than a
predetermined number, and the string is above a predetermined length, then all of the
central pixels 8 are removed from the list of features. Otherwise only the central pixel
of the string is retained in the list of features. It should be noted that these tasks are
20  performed for each feature type individually i.e. searches are made for vertical chains

of one type of feature, rather than for vertical chains including different types of

features.

In other words, the algorithm performs two tasks:
25 e removes roughly vertical chains of one type of feature from the list of features,
where the aspect ratio of the chain is greater than a predefined value, and
* removes all but the vertically central feature from roughly vertical chains of features

where the aspect ratio of the chain is less than or equal to a pre-defined value.

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



categorised as Type 1, 2, 3, 4, 51, 52, 53 or 54, and has associ ated
therewith a reference pixel marking the |ocation of the feature. WO

03/ 07178IwB63PATRB03/ 00767 Stage 2 - Area Detection For @athcHaa01sre
detected in the imge, the algorithmattenpts to find an associ ated area
that may describe a red-eye. A very general definition of a red-eye feature
is an isolated, roughly circular area of "reddi sh" pixels. It is therefore
necessary to determ ne 5 the presence extent of the "red" area
surrounding the reference pixel identified for each feature. It should be
borne in mnd that the reference pixel is not necessarily at the centre of
the red aregr‘f{;) Qer considerations are that there nay be no red area, or
that there nay be no detectabl e boundari es to the red area because it is
part of a lar ger‘th uérfg’fi}r%ecéf‘t“h‘éﬁalﬁﬁ“imé%tg [Rfi Eieoresreneafithy hriaton ar ea
will not be assocrated V\nﬁﬁ ¥ hat™ 18 feat it 8°*'The area detection is

perfor by cons ructl n rectangul ar grid whose size is determ ned by
some ap?)(rjl bute of F( he fea uraeture I argll ergf‘?)"’lt‘érre théPFedt0rE, and narki ng

t hose pixel s \/\hl"&‘?hesé{ﬂeé’ffa%ﬁe “ctiet efie phrhisuéeacrde, Li ghtness (L) and
Saturation (S) jlg,that are characteristic of red eyes. The size of the
grid is calcul ated taeensuae dnat telicumdd be BEe kat0e,RNAUORtBL0N] a0 any
associ atled red eye: tdiisacs =possétyl sabecausecd-ordiedeeyes shba si-za1:akcet he
pattern used to detectudrhe fesbxne 4 no—phce-n&ner stitplaac@ewinkt oberayr sone
sinple relationship tg the si zeatof tbg red eye area. This area
detection is attenpted Up fps b oiEe.d lgg};@ie%j} tg@g\@ C%eature each tinme using
differedt criteria for H L and S values. This ecause there are
essentially three differaeiit tfsee:tasllma‘ oHthd mapd >S tnhaarst rayube taken as
characteristic of red-eyes, th}é‘?ée Difley Fpdins a-ate Tedfer podhd patEs HLS, HalLS
and Sat 128. The cri teernhalfare as follows: CategoryHueSaturationLi ghtness
HLS220380R Hs10Sat80hs20€@nH Soupa = 255L> 150 S > 50 AND

(at this point, ‘current feature’ is the lower feature in the chain
beginning at ‘upper feature’, so in this section, if the chain is
linear, it will be removed; if it is roughly circular, all but the

25 central feature will be removed)
make ‘chain height’ = current feature’s y co-ordinate - top feature’'s y
co-ordinate
30 make ‘chain aspect ratio’ = ‘chain height’ / ‘widest radius’
if ‘chain height’ >= ‘minimum chain helght and ‘chain aspect ratio’ >
‘minimum chain aspect ratio’
remove all features in the chain from the list of features
else
35 if ‘chain height’ > 1
remove all but the vertically central feature in the chain
from the list of features
end if
end if

40 end for

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.

45
At the end of the Feature Detection process a list of features is recorded. Each feature is

categorised as Type. 1,2,3,4,51, 52, 53 or 54, and has associated therewith a reference

pixel marking the location of the feature.



HalLS2455H ORHs20S<(1.8*L)-92 AND L>100 S> 1.1 *L -90 Sat 1282205HOR
H5101285S- WD 03/071781 37 PCT/ GB03/00767 If a pixel satisfies either of
the two swD3pf178pnditions for HalLS, it is classed as HalL8CTaBosmeisabl e.
The rel ationship between the feature type and which of these categories the
algorithmw || attenpt to use to detect an area is shown in the table
below. 5 TypeCriteria 1HLS, Sat128 2HLS, Sat128 3HLS, Sat 128 4HLS, HalLs,
Sat 128 5HLS For each attenpt at area de§6ect| on, the algorithm searches for
a regi on of adjacent pixels satisfying the criteria (hereafter called

“correctabl e plxels . The region nmust be wholly contained by the bounding
rectangl e ( d)é§§d conpl etely bounded by non 10 correctabl e pixels.
The al gorit ﬁg?% Areaddetedpr | 5| and’ of correctable pixels fully bordered

by non- cor regtead faRir&BbEct g\@hﬂﬂ ‘MﬁQ%eI Yhel dif it eﬁ)PpEsqg fll% :Jagldah%%arg‘ecg%rﬁﬂg:qg

Figure 12 shows such an i1s at ed a of Torrec
at the r ef ehatnway plegaibeoh tieyd. eaA ureey geieealadgfoiiiidrhat eaheaksel featifteiphicel s
15 "correcta rdl n‘gl to th {141,,;}5"“ a _above and, if it does not, noves

| eft one pi lﬁ(gﬁted'lrﬁ}’ V§HF ﬁ%%??%&] Pixds r Ky hpredorpingedssars tq datpininan| ess
the edge ofthé @%S@I%rﬁiil'drég{ten'i %F Tt}fén%(? drSa § Iﬁ@ﬂlﬁfthé Sdferchle é&gl ﬁgr?cefgzd for

reached, the algorithm mark his feature as avli ng no associ a
(for this cack oty ItIShO'alddmrhoamtlabﬂued fiag dle mﬁerefrmalpdc,el isht nedegarily firthe

det er m nes from whet he pixel lies wthin a 20

defined, i soﬁgggﬁﬁleéds&caﬁ E@Frr %@ﬁ@sﬁ‘agogﬁ %f&‘éatt 4 Hilaé/ B Tegl asesm on ek d

W thin the tgérednay be no detectable boundaries to the red area because it is part of a larger
feature—either of these conditions meaning that an area will not be associated with that

10  feature.

The area detection is performed by constructing a rectangular grid whose size is
determined by some attribute of the feature, placing it over the feature, and marking
those pixels which satisfy some criteria for Hue (H), Lightness (L) and Saturation S)

15  that are characteristic of red eyes.

The size of the grid is calculated to ensure that it will be large enough to contain any
associated red eye: this is possible because in red-eyes the size of the pattern used to
detect the feature in the first place will bear some simple relationship to the size of the

20  red eye area.

This area detection is attempted up to three times for each feature, each time using
different criteria for H, L and S values. This is because there are essentially three
different sets of H, L and S that may be taken as characteristic of red-eyes. These

25  criteria are referred to as HLS, HalS and Sat128. The criteria are as follows;

Category Hue Saturation Lightness
HLS 220sHORH<10 S 280 L<200 -
HaLS - S =255 L > 150
S > 50 AND
Hal S 245<H ORH=<20 S<(1.8*L)-92 AND L>100
S>(1.1*L)-90
Sat128 220sHORH<10 128< 8 -




enconpassi ng an area around that pixel. There exist numerous known nethods
for carrying this out, including those algorithns conventionally known as
"flood fiwb'o3abgerithns of both the iterative and the rec®CIiCBI3AGITYypes. A
flood fill algorithmw |l visit every pixel within an area as it fills the
area: if it can thus fill the area without visiting any pixel touching the
boundary of the grid, the WD 03/071781 PCT/ GB03/00767 38 area is isolated
for the purposes of the area detection g gorithm The skilled person wll
readily be able to devise such an algorithm This procedure is then
repeated | ooking right fromthe central pixel of the feature. If 5 there
is an area found starting left of the central pixel and also an area found
starting right,. the.otne stﬁ}art' ng closest to that central pixel of the
feature is S HEeleytisties cithpsol g twy seiseof cqpditipsy for ek Snét isrckassessasoldilss ed
Wth it forcgrediagRn blH ' V. ne ar for
t hat cat egor y.&%apﬁngggﬁ%iﬁgﬁavg %gegﬁ?%i%g%%%t.yséBh%wg%%toéfg %Sgtce%ﬁ%?%fﬁge for
area det ect dlgerithm willl attstpatoatsewd titterteharaaris ehdvan iRitheiradleRlowhi ch  al so

hi ghl i ghsts a further problem which should be taken into account. Figure 13a
shows a picture of a Type—3t-—+red-eye feature 41 and Fjgure 13b shows a map
of the correctable 43 ang RYRE clor r ect abl @ritada pi xel s i h that feature
according to the BLS criteri a deseighegizogabove. 15 Figure 13b clearly shows
a roughly circular area of cerrectHabl&tfpgXel's 43 surroundi ng the highlight
42. There is a substantial "Rol g Hp§ dpfpgCoOrrectante p| xel s inside the
highlight area 42, so the[al goriTRgsTihak EgiACtS the area must be able to
cope with this. 20 There aregfour pgases Tm the determ nation of the
presence and extent of the correctapte area—I—Determ ne correctability of

pi xel s surr i.ng. pi xel . .. All ocate a notional score or

wei ghti ng tlg&a {:}p%fex %gé‘—gg g%te%foﬁldﬁ}el‘?égoéﬁ%s%%fhets@r %Eﬁgﬁ%’c‘f%ﬂa&e‘é‘rﬁéé‘ﬂ% 0
determi ne idafisfyingethe dritcPe (IRsedfRe cateat Detediiite HIXER’) TheQHEBh Ykl 6EWhEHy | N
phase 1, a two-dinmensional array is constructed, as shownh in Figure 14,
each cel | BfiRgdnPrdheibovading recngle (tee ignid) cat ecarhpletelyr bewtdadi by tnpnof t he

correspeNdi N9eRla¥R! pixdiCThe algorithm thus seeks an ‘island’ of correctable pixels fully

bordered by non-correctable pixels which wholly fits within the bounding rectangle.

Figure 12 shows such an isolated area of correctable pixels 40.

Beginning at the reference pixel of the feature, the algorithm checks if the pixel is
15 “correctable” according to the criteria above and, if it does not, moves left one pixel.
This is repeated until a correctable pixel is found, unless the edge of the bounding
rectangle is reached first. If the edge is reached, the algorithm marks this feature as
having no associated area (for this category). If a correctable pixel is found, the
algorithm determines, beginning from that pixel, whether that pixel lies within a
20  defined, isolated region of correctable pixels that is wholly contained within the grid

encompassing an area around that pixel.

There exist numerous known methods for carrying this out, including those algorithms
conventionally known as “flood fill” algorithms of both the iterative and the recursive
25  types. A flood fill algorithm will visit every pixel within an area as it fills the area: if it

can thus fill the area without visiting any pixel touching the boundary of the grid, the



30 reference pixel 8 is at the centre of the array (colum 13, row 13 in
Figure 14). As WD 03/071781 39 PCT/ GB03/00767 nenti oned above, the array
nmust be |wogs/errsugh that the whol e extent of the pupil caeT/dE3moTsrai ned
within it, and this can be guaranteed by reference to the size of the
feature detected in the first place. 5 In phase 2, a second array is
generated, the sane size as the first, containing a score for each pixe
in the correctable pixels array. As shogn in Figure 15, the score of a

pi xel 50, 51 is the nunber of correctable pixels in the 3x3 square centred
on the one being scored. In Figure 15a, the central pixel 50 has a score
of 3. In Fiqure.l5h %he central _pi xel gl has ? score_of 6. Scoring._is
hel pful becBtiss $Yatkd fike Brmppsespf fhe drp defetiion glgprdomy Rhe sgfledperag wilhr ea
to be bri dgesuilypschbldHéieRisE V&K arelg&sinfl Om bei ng fal sely detected. The
result of calculating pixel scores for the array is shown in Figure 16.
Note that the pixels along the edge of the array are all assigned scores

of 9, regardl.ess of what, the calculated ore woul d pbe, The effect this
"5 Lo aesunt RECaERS teiaprtih it Peaters TR uif; Stral ixel PFay tedtie. I

correct &bl etherENeagfadacfouhd ayinpalett &ffthé REntGPHiRE LA hRoaMERea %ﬂ%\ﬂ?@%@g the
hi ghl i ght extends to the edge of the array, it will not be classified as an

i sol ated, cighddHe srapartinpilosest 3o habeentrkpipehodithesfcatmasistseletteddn tihie wapumdar y

f th i.pbed I Y. find
The 1o t moornedy TiEhe f0Eapbcla B PRS s TaRaCabV e AR tralaabt t ne

area, but tiweeent srenforitbasarRgudyy IamaPhet a6 uiodd tanbh@ci ng of the area's
boundary could not be attenpted. It Is necessary to define a threshold that
separates pixels considered to be correctable 25 fromthose that are not.

In thi I i .COF €. I t t.abl e.
| SPLOR Be  BBERE cd o SRI S PRI LIPS,

whi | st sti ldlsarlegilighisa fugthies plobieatwaichagould be takle dritb tabebuhor Figh@siBa3hbas
three steps, as shown in Figure 17: 30 1. Start at the centre of the array
and wor k ou RN YRS | redaeversatasdtl . and Fighreat3pshowpagnamafithg comertable

43 and non-correctable 44 pixels in that feature according to the HLS criteria described
above.

15
Figure 13b 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

highlight area 42, so the algorithm that detects the area must be able to cope with this.

20  There are four phases in the determination of the presence and extent of the correctable

arca.

Determine correctability of pixels sutrounding the starting pixel.
Allocate a notional score or weighting to all pixels

25 Find the edges of the correctable area to determine its size

Ll e

Determine whether the area is roughly circular

In phase 1, a two-dimensional array is constructed, as shown in Figure 14, each cell
containing either a 1 or 0 to indicate the correctability of the corresponding pixel. The

30  reference pixel 8 is at the centre of the array (column 13, row 13 in Figure 14). As



PCT/ GB03/ 00767 2. Sinmultaneously followthe left and right edges 62 of the
upper section until they nmeet. 3. Do the sane as step 2 for the |ower
section 68003/07te1 first step of the process is shown in mpce/Gi#Baic7i n
Figure 18. The start point is the central pixel 8 in the array with
co-ordinates (13, 13), and the objective is to nove from 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 classi¥ied as correctable (as is the case
here), the algorithmdoes not attenpt to Iook for an edge until it has
encountered at |east one 10 correctable pixel. The process for nnvigg from
the centre f I o

current - pi x%leﬁﬁ:bn%g ﬁ?dﬁ‘g 'E)}%e)(:{'fegi 5 ﬁ%eg{ ? éza é g§ en:(ﬁ{%ﬁég{t ﬁ%cejghcl?lF %gtfﬁl?éﬁn@g%}lgle A%
score < t hrisstmotainadreithinoy end this eamt bepgueedntdedftty mfﬁrédcle calthessie-d¥ |tf>f£_fe'aﬁllr§ core
> threshol nd if 20 ve current-pixel left until: current-pixel's
score < thr%é?%%f%}”%?gfs{ﬁgcebegi nning of the rowis passed if the beginning
of the row was not passed then 25 |eft-edge = pixel to the right of
current-pixel end if Simlarly, the nmethod for locating the right edge 65
can be exprlagdese 35t secan! oayrie gengritré| the sen size apihe dirsty caytainiaggescare for

defined i rrent-pixel's score < threshold then 35 ve current-pixel
ot unti 192 DS R\l GPieTs, iy &R Rt inrere b oo of # &L pi xel

right untilso, 51 is the number of correctable pixels in the 3x3 square centred on the one being

scored. In Figure 15a, the central pixel 50 has a score of 3. In Figure 15b, the central
pixel 51 has a score of 6. Scoring is helpful because it allows small gaps and holes in

10 the correctable area to be bridged, and thus prevent edges from being falsely detected.

The result of calculating pixel scores for the array is shown in Figure 16. Note that the
pixels along the edge of the array are all assigned scores of 9, regardless of what the
calculated score would be. The effect of this is to assume that everything beyond the
15  extent of the array is correctable. Therefore if any part of the correctable area
surrounding the highlight extends to the edge of the array, it will not be classified as an

isolated, closed shape.

Phase 3 uses the pixel scores to find the boundary of the correctable area. The
20  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.

It is necessary to define a threshold that separates pixels considered to be correctable
25  from those that are not. In this example, any pixel with a score of 24 is counted as

correctable. This has been found to give the best balance between traversing small gaps

whilst still recognising isolated areas.

The algorithm for phase 3 has three steps, as shown in Figure 17:
30 1. Start at the centre of the array and work outwards 61 to find the edge of the area.



current-pixel's score < threshold, or the end of the rowis passed if the
end of the row was not passed then right _edge = pixel to the left of
current - pweBb/o7esd if 45 At this point, the left 64 and riPGNIGEN3/00767
extremties of the area on the centre line are known, and the pixels being
pointed to have co-ordinates (5, 13) and (21, 13). WD 03/071781 41

PCT/ (B03/ 00767 The next step is to follow the outer edges of the area above
this rowuntil they neet or wuntil the gdge of the array is reached. If the
edge of the array is reached, we know that the area is not isolated, and
the feature vviII therefore not be classified as a potential red- 5 eye
feature. As |n Fi 1 e startin n or follow ng the edge
of the ar ea2| SHP H& nﬁpg(séf’?olgav 21# tﬁt ang, ght e@% $ 8@% HPRH SN BN BAY was
found, so thenidet.st step is to nove to the pixel 66 imediately above it
(or beI ow |t de;l)lendl ng on the direction). The next action 10 is then to
move towar db Diethe exme as ep 2 fas the leaves Fectibn Bhe pi xel 's value 66 is bel ow the
t hreshol d, as shown in Figure 19a, or towards the outside of the area 68 if
the pixel 66 is above the threshold, as shown in Figure 19b, until the

t hreshold iBhecfinssiepl of Hegprodesels shbﬁ/ﬂqﬁ@iﬁbré getall @M Fighge ?8 aF He' srt‘&t EQl'nms hor the
next nove. 15 The process of noving to the next row, y one or
more moves GCAMAFRIECIGHIN thedng Wih comedinges(1dni3) aI!dﬁ@p@bmcevmm tooreerfons t o

exam ne (i t e search for
the left- hg;ll%lwagﬁ&e&%?ggg%g lftﬁgaaré&%n% %\%h;roet%ﬁgccoég @rthe?%c} “E%é erpléa]{s Ahand
edge woul d tht axttre af tisharen may Emglw elagfifie@@s Thectdbld (R RIAERES hérefhg¥N N
Figure 21, \11\/n aI so shows the |eft 64, right 65, top 69 and bottom 70
extreniti est@ITHRedoss 1t atflemph i, lagdk fiog apeedgaiami] 1t kag dngourierediagdedst one  The
top ed 6 t i C

cdge ey pasteuBRRT: I8 Satl pioRaF b ORe S £ S BR0s 206 bfa e

pi xel s i s téxptessdd ik ayfollowsr di nate = 6 and is one colum to the ri ght of the
leftnost extremity 64. The 25 rightnost colum 72 of correctable pixels is

that with y-coordinate = 20 and is one
current_pixe centre_pix
15 left edge = undefined

if current pixel’s score < threshold then

move current pixel left until current_pixel's score = threshold
end if

20 move current_pixel left until:
current_pixel’s score < threshold, or
the begimming of the row is passed

if the beginning of the row was not passed then
25 left_edge = pixel to the right of current_pixel
end if

Similarly, the method for locating the right edge 65 can be expressed as:

30 current_pixel = centre pixel
right_edge = undefined

if current_pixel’s score < threshold then

move current_pixel right until current_pixel’s score = threshold
35  end if

move current_pixel right until:
current_pixel’s score < threshold, or
the end of the row is passed
40
if the end of the row was not passed then
right_edge = pixel to the left of current_pixel
end if

45 At this point, the left 64 and right 65 extremities of the area on the centre line are
known, and the pixels being pointed to have co-ordinates (5, 13) and (21, 13).



colum to the right of the rightnost extremty 65. The topnost row 73 of
correctable pixels is that wwth x-coordinate = 6 and is one row down from
t he poi ntwed3atr17ehi ch the |eft edge passes the right edg@CTIBd3loeicr om nmost
row 74 of correctable pixels is that wth x-coordinate = 22 and is one row
up fromthe point 70 at which the left edge passes 30 the right edge. WO
03/ 071781 PCT/ GB03/ 00767 42 Havi ng successfully discovered the extremties
of the area in phase 3, phase 4 now chgcks that the area is essentially
circular. This is done by using a circle 75 whose dianeter is the greater
of the two distances between the leftnost 71 and rightnost 72 5 col ums,
and topnost 73 and bottomnost 74 rows to determ ne which pixels in the
correctabl e pixels array to exam ne, as shown in Figure 22. The circle 75

i s placed SPhe fdx@kteblis tRIMHE i } t leftnpst 71 and
ri ght nost 72 col urmg and ttﬁe h(tzggﬂrefﬁg@%?ﬁ%ﬁ%ﬁ%ﬁﬁ%g@f}f@%ﬁ.mﬁOFeast
50% of the Withéhesedgetddithe amay isireahedrlf theralge 16 theusatayhie redcasdivid Btbvasat

correct abl i.€. V. al of 1 as..sho in Figure 14 10 for the area
to be cl asgtlhé fmeeg l%g&élgorl%ﬁ ’aarng%? EGPWWHS&B’\%@W&“QH{’@E Hatsifigdpstaposensigbeed- t he
centre 7 odyetfbgurei rcle is not in the sane position as the reference pixel
8 fromwhich the area detection began. 15 If it is found that a cl osed,
isolated circular area of correctable pixels is associated with a feature,
it is added i Sit- u [eas. . a | ternative or additional final
check, eac hA% %oq%g{ %1?151?%&@@3 5e" %Bﬁ)@i@égo]?%mag rt]l%‘? ?ﬂgféé’?tﬂé%%r%&s@ﬁ PEF¢l t he
rati o of t el dreihgptevidustrb® vatice@the GrahéiSonindt Founkif sd the PRI SRS is iotm%ﬁe o4l added
to the list r y for stage (3), Stage 3 - Area Analysis Sone o0 ttne ar eas
found in St 86%2511%@4&15@%%5@@ bplpvtisdlepgreding puthenioiecadr). Thhoset dchiet  ar e
not ar er; . ions' .~ The al.gorithmattents to

r emveeﬁmheslg%éfgoblg?{/)% @fﬁ%ﬁ? ‘%Sgtg%)rgf 218 t #%anq 6thﬁlﬁé) ”?ei?sgtva&‘fe g‘% ésaggow}h%r ous
measur ementtbreai@d redbown ireBighreof9al hieronaiashe QREAY of ihe a4t Hlikd 68'i€

calculated that can b sed later (in stage (4)) to assess whether an area
is or is ncﬁﬁjov%gl?stgﬁesg‘iﬁr asheya lnﬁ@fﬁéﬁbuﬂféa‘é?ﬂ@ threshkkshisi anessedie The gixeban
and st andarighdieNtahbPiheQludf (1 e bk Afibess and Saturation val ues

i smal'l

within each isolated area, a counts o

15  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

for the right-hand edge would start, as shown in Figure 20.

20  The entire process is shown in Figure 21, 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
passed the right edge. The leftmost column 71 of correctable pixels is that with y-
coordinate = 6 and is one column to the right of the leftmost extremity 64. The
25  rightmost column 72 of correctable pixels is that with y-coordinate = 20 and is one
column to the right of the rightmost extremity 65. The topmost row 73 of correctable
pixels is that with x-coordinate = 6 and is one row down from the point 69 at which the
left edge passes the right edge. The bottom-most row 74 of correctable pixels is that

with x-coordinate = 22 and is one row up from the point 70 at which the left edge passes
30  theright edge.



WO 03/071781 43 PCT/ GB03/ 00767 and | arge changes between horizontally

adj acent pixels in each of the three channels (H, LandS). The al gorithm

al so recowda3whegspr oporti ons of pixels in an annul us surr ®@omdiBYg/0OTeR ar ea

5 satisfying several different criteria for H L and S. It al so nmeasures
and records nore conplex statistics, including the mean and standard
deviation of HxL in the area (i.e. HxL is calculated for each pixel in the
area and the nmean and standard deviati of the resulting distribution is
calculated). This is done for HxS and LXS as well. 10 Al so recorded are two
di fferent neasures of the changes in H L and S across the area: the sum
of the squares of differences between adjacent pixels for each of these
channel s, and the sum of absolute differences between adjacent pixels for

each of t h%ﬁ@l %hﬁﬂggs:,sﬁllly & Hgotvgl%a th% \é’&r&hﬁfegg{fqg@ afta 1&2&&% ‘%eﬂgas%”zie ng&r

correctabl @ and one non-correc Ixels int
hi st ogr ams chexkerthatt the acauist SsaftiaAgjcacelat. 'me e dbmbbe usinged sircld 5 5Tiwhose

al gorithmal so cal cul ates a_nunber that is sure of _the e}gglbabl lity of
the area MEMETAS 1By Stpler Ofﬁl?estW%dlétéP%I%‘?é?Fnﬁg ¢ &RfENQRALH rigd TR Prrretl c

mean, oyer gl X6 fopnibst W@%m@ﬁa%&em%ostthﬁ &W%C&eté?ﬁm?e @Eﬁﬁ#ﬁﬁel@ﬁn tifee

probabl ities of that pixel val ues occurrin a red-eye.
(These pr obabledrtnblf BAS QT ES tww«aannmlas Lah(a«medl Efgueer 2201" IEXCtlEﬂIESVSIB 1$1a¢qdl song of
red- eyes a conse u?at construction o; t he ﬂ% t| on

val ues thatt %&tél?fm Betveeg; the felimast, tE%HSE 188‘“5&“@1%??9asur e

of the pr@@&@és't '7%yan‘€lfb6tt'6%1 Rlo8a7PRIWVI At 1e%bt5%9@%tf%é pbX8s @Rlﬁh'tﬁé treuldf €
recorded for each of the areas in the list. 25 The area analysis is

conduct ed iaread/ Snumritere disspledsiesorrgdiable (ires hawhalvglee of premsbown anh Figuae é4) a

measur e, of _th robabiljty.(referred-to in the previous paragraph) that the
ar ea igoa f%fo‘ﬁ%g@,al%%ﬁacgf%%é asrf:ér&gﬁ}:zg'of the probability that the area is a
fal se detection. These two neasures are nutually independent (although the

actual probabilities are clearly conplenentary). 30 WO 03/071781
It will be noted that, in this case, the centre 76 of the circle is not in the same position as

the reference pixel 8 from which the area detection began.

15  If itis found that a closed, isolated circular area of correctable pixels is associated with

a feature, it is added to a list of such areas.

As an alternative or additional final check, each isolated area may be subjected to a
simple test based on the ratio of the height of the area to its width. If it passes, it is

20  added to the list ready for stage (3).

Stage 3 — Area Analysis
Some of the areas found in Stage (2) will be caused by red-eyes, but not all. Those that
are not are hereafter called ‘false detections’. The algorithm attempts to remove these

25  before applying correction to the list of areas.

Numerous measurements are made on each of the areas, and various statistics are
calculated that can be used later (in stage (4)) to assess whether an area is or is not
caused by red-eye. The measurements taken include the mean and standard deviation of

30 the Hue, Lightness and Saturation values within each isolated area, and counts of small



44 PCT/ GB03/ 00767 The algorithmis shown bel ow. The value huePDFp is the
probability, for a given hue, of a randomy selected pixel froma randonly
sel ect ed wedspyespf any type having that hue. Sinilar defPiCTiGB0G08767
correspond for satPDFp with respect to saturation value, and for |ightPDFp
with respect to |ightness value. The val ues huePDFq, satPDFq and 5

| i ght PDFq are the equivalent probabilities for a pixel taken froma false
detection which would be present at this point in the algorithm i.e. a
fal se detection that one of the detectors would find and which will pass
area detection successfully. loop through each pixel in the red eye area

i xel | ook .hueP. 00k .S ok up |i tPDFp
cal cul at o NEISHERS LRy SRR Prgpiinrsiers et HESbay BeghBaskimel Gncy ps
(for this areadS).l ook up huePDFq | ook up sat PDFq | ook up |ight PDFq .

cal cul ate huePDFgq x satPDFq x |ightPDFq 20 add the above product to sunffgs
(for this area) end | oop record (sunOfps / Pixel Count) for thls area

e ps /B s aperiit AERUBN heprobSibaf LERR if A% ablyL SR PEae BRS e

val i dati%n smhsfyhg gevers) d&ﬁerémaﬁiﬂérﬁﬁfo@fH then@somadid hde¥si@és M&lere%ﬁ@n%bng a
red- eye or a faI se detection, respectively. The next phase uses the

correct abi | ?qngzp &% PlelstiSningligmebevesan pnd steadaretdeyiation of ihek éb yhe 80a éiath
pi xel is cl ﬁ§<~i i cglgl(lﬁﬁaéi%f éa%ﬁt}fi’{gl n Bl A2 egﬁiotfu% fife tclr??l Pt%ndatﬁg ga‘%?%?ns%ﬁ;f’l ts

H, L and S val ues speci fic correc I er et ysi ng
each area arsultihgdisaibmtion is dagilaed) MBiis wafode lﬂ@zeIEIX'SQmﬁlIDdS ihatlLarea,
BLS, HalLS or Satl 28). The al gorithm
10 Also recorded are two different measures of the changes in H, L and S across the area:
the sum of the squares of differences between adjacent pixels for each of these channels,
and the sum of absolute differences between adjacent pixels for each of these channels.
Further, two histograms are recorded, one for correctable and one for non-correctable
pixels in the area. Both histograms record the counts of adjacent correctable pixels.
15
The algorithm also calculates a number that is a measure of the probability of the area
being a red-eye. This is calculated by evaluating the arithmetic mean, over all pixels in
the area, of the product of a measure of the probabilities of that pixel’s H, S and L
values occurring in a red-eye. (These probability measures were calculated after
20 extensive sampling of red-eyes and consequent construction of the distributions of H, S
and L values that occur within them.) A similar number is calculated as a measure of the

probability of the area being a false detection. Statistics are recorded for each of the

areas in the list.

25 The area analysis is conducted in a number of phases. The first analysis phase
calculates a measure of the probability (referred to in the previous paragraph) that the
area is a red-eye, and also a measure of the probability that the area is a false detection.

These two measures are mutually independent (although the actual probabilities are
clearly complementary).
30



iterates through all of the pixels in the area, keeping two totals of the
nunber of pixels w th each possible count of correctable nearest

nei ghbourwo(irors0 to 8, including those 35 diagonally towchiGrpp/oerone for
t hose pixels which are not correctable, and one for those pixels which
are. The information that is recorded is: WO 03/071781 PCT/ GB03/ 00767 45
For all correctable pixels, how many have [x] nearest neighbours that are
also correctable where 0 < x < 8 For gll non-correctable pixels, how nany
have [y] nearest neighbours which are correctable, where 0 <y < 8. 5
These two groups of data are logically two hi stograrrf 8}‘ 4 the of her
orrect abl ar est nei ghbo nt, one for correctable, a

1(‘: or non- coﬁ%c m Bi® g%wg%dﬂ‘ive @luﬁH’QﬁéDFh%ﬂ\?égdﬁl?é“&ﬂf@F piendiuean
annul us 77 effa @hm AU KGR B RfY SBlecrd rdPeycSt ARAE Wdlakd gl e 23
The area encl osed by the outer edge 78 of "the ann 5 Shod a ppr |matel
cover the WHEt SSigfla Héﬁl@?éns mp@i@fmsatﬁwpmtﬁ aﬂ:spedt ts Isaunratlloﬂ@lauﬂednd The

nnul us 77 Hj?ﬁ% I cir 8 t hree_tines that
gf the red- fi8;Is/ei%ar ea, an ?es ertnt Illl%mﬂfﬁ ﬁi nﬂ“ﬁ ‘fﬁlueish é)rpél sadnTe azd t he
r ed- eye Sar dggh?®DEq aiieehaa[mwau|p$owenmre§£br%lké]Qaléﬁ%npwfﬁke @e?ectu%ﬁ »&rﬁ@lheye
area itself. ‘@éﬁ? The al gorithmjterates through of the pixels in

annul us, ¢l g pgseahah thinpeing i theorlgoithar, ¢at egf@hsc a@steotiort t’rmts loamfg 8?& i t2 80
H L and S ¥ nLi ness L| Sat K- S < <
Li ght Sat OK- AERLHES wolRBIOUMA TR ﬁéss% BB GT fackes S 5 200

HueLi ght O 8 30-16:6 Li5 230 HueSat OKt 530155 S 5 200- FueSat CK140: 5 H <
I
2308: 5 50- PR SERERZAT: B Hs B 10 =xe2

look up huePDFp
look up satPDFp
look up lightPDFp
calculate huePDFp x satPDFp x 1ightPDFp
15 add the above product to sumOfps (for this area)
look up huePDFg
look up satPDFq
look up lightPDFg
calculate huePDFq x satPDFg x lightPDFgq
20 add the above product to sumOfgs (for this area)
end loop
record (sumOfps / PixelCount) for this area
record (sumOfgs / PixelCount) for this area

25  The two recorded values “sumOfps / PixelCount” and “sumOfqs / PixelCount” are used
later, in the validation of the area, as measures of the probability of the area being a red-

eye or a false detection, respectively.

The next phase uses the correctability criterion used above in area detection, whereby
30  each pixel is classified as correctable or not correctable on the basis of its H, L and S
values. (The specific correctability criteria used for analysing each area are the same
criteria that were used to find that area, i.e. HLS, HaLS or Sat128). The algorithm
iterates through all of the pixels in the area, keeping two totals of the number of pixels
with each possible count of correctable nearest neighbours (from 0 to 8, including those

35  diagonally touching) — one for those pixels which are not correctable, and one for those

pixels which are.

The information that is recorded is:



20 There are further supercategories which the pixel is classified as being
in, or not, on the basis of which of the above categories it is in. These
seven supwp@awegsries are All', " LightSatHueSat', ° HuelLipgihtdioaSers?,
"HueSat' and so on. For HueSat K pi xel s HueLi ght OK ! HueLi ht O Li ght Sat OK
Al'l LightSat HueSat !Li htSat OKHuelLi ght HueSat HueSat WO 03/071781

PCT/ G(B03/ 00767 46 For !HueSat K pi xels HueLi ht OK ! HueLi ht OK Li ght Sat OK
Li ght Sat HueLi ght LightSat !Li htSat OKHyeLi ght (!HueSat OK neans t hat
HueSat OK i s not true, and so on, the prefix "!" indicating that a

condition is false). As an exanple, a pixel that satisfies HueSat OK (see
the first table_ above) and HuelLi ght OK but not LightSatOK is thus in the
super cat egory* Yppeall icgﬁ@qiﬂéswds,%ﬁ@ HAYO PRtehlFl peEps neighbents it arhalssunber
of pixels in ea n supercategories as it iterates through
all of the pixe%gngﬁﬁﬁggﬁgﬁﬁg%gg¥?The proportion of pixels within the
annul us fal | i 19 Fonki neé@ebrr&dtatilé pielse R ve ainly@svd Byl Se@eitheiddisheichvateh t he
ot her information about each red eye, and will be used in stage (4), when
the area is val cee@ple, #herh0 5d6¥ 8i on to the classification described
above, further classification is applied to each pixel on this single
pass through the annul us. CategoryHueSat urationLi ghtness Hue 1240:5 H - Hue
2H. 5 20-- Sheselwd GoGE-ofSata de Sodhc B-twhilgbgrims lof Sort€@able-nearest-neighbour

count, one for correctable, and the other for non-correctable, pixels.

The next phase involves the analysis of an annulus 77 of pixels around the red-eye area
10 75, as shown in Figure 23. The area enclosed by the outer edge 78 of the annulus
should approximately cover the white of the eye, possibly with some facial skin
included. The annulus 77 is bounded externally by a circle 78 of radius three times that
of the red-eye area, and internally by a circle of the same radius as the red-eye area 75.
The annulus is centred on the same pixel as the red-eye area itself.
15
The algorithm iterates through all of the pixels in the annulus, classifying each into one

or more categories on the basis of its H, L. and S values.

Category Hue Saturation Lightness
LightSatOK S <100 L <200
LightSatOK - 1008 <200 150 <L
HueLightOK 220sH - 15sL <200
HueLightOK H<30 - 156sL 230
HueSatOK H <30 155 <200 -
HueSatOK 140 < H <230 §$<50

HueSatOK 230sH S <100 -

20  There are further supercategories which the pixel is classified as being in, or not, on the
basis of which of the above categories it is in. These seven supercategories are ‘All’,

‘LightSatHueSat’, ‘HueLightHueSat’, ‘HueSat’ and so on.

For HueSatOK pixels -
HueLightQOK !HueLightOKs
LightSatOK Ali LightSatHueSat
!LightSatOK HuelightHueSat HueSat




Li ght 2--L<-150 Light 3--L 5 200 Light 4--200 < L Again, as above, the pixel
is then classified into supercategories according to which of 20 these
cat egori ewoiog/ofeBl s i nto. WO 03/071781 PCT/ GB03/ 00767 47 PCT/GB03/00767
CriteriaSupercategory uel AND Satl AND Li ght3wWhiteA Huel AND Sat2 AND
Li ght 3Whi teB Huel AND Sad AND Li ght 2Whi teC uel AND Sat 2 AND Li ght 3WiiteD
Hue2 AND (Satl OR Sat2) AND Light2WhiteE Hue2 AND (Satl OR Sat2) AND
Li ght 3Whi teF Huel AND Sad AND Light4Wyjtel Huel AND Sat2 AND Li ght 4WitelJ
Huel AND Sad AND Lightl WiteK Huel AND Sat2 AND LightlWiiteL (Satl OR Sat2)
AND Light2WhiteX (Satl OR Sat2) AND Light3WhiteY Unlike their base
categories, these supercategories are nutually exclusive, excepting WiteX
and WhiteY, which are supersets of other supercategories. The al gorithm
keeps 5 a count of the nunber of pixels in each of these twelve
super cat egor i es BertHyeS through all of the pixels in the annul us.
These counts are stored together with the other infornmation about each red
eye, and will bejused in sthagdudLigdEn t héHeeLeshtKs yal i dated. This
conpl etes the analiyssasorf t neigasatiuetsght 10 AligaSanal ysed is the red-eye area
itself. This is $g@ﬁ@§mn@ i b thieeigmasses, each one| iterating through each
of the pixels in the area. The Tlrst pass 1terates through the rows, and
Wi N T fhacbKOR hebds the HABHOK N A OeCARMLORIBle Jrliit NaIndidling Har heCOT ds
various pieces o ormation red eye area, 1%

condition is false). As an example, a p1xel that satisfies HueSatOK (see the flrst table

above) and HueLightOK but not LightSatOK is thus in the supercategory
‘HueLightHueSat’. The algorithm 'keeps a count of the number of pixels in each of these
10  seven supercategories as it iterates through all of the pixels in the annulus. The
proportion of pixels within the annulus falling into each of these categories is stored
together with the other information about each red eye, and will be used in stage (4),

when the area is validated.

15 In addition to the classification described above, a further classification is applied to

each pixel on this single pass through the annulus.

Again, as above, the pixel is then classified into supercategories according to which of

20  these categories it falls into.

Category Hue Saturation Lightness
Hue 1 240sH - -

Hue 2 H=<20 -

Sat 1 - S$<35

Sat 2 - S<50 -
Light 1 - - L <100
Light 2 - L5150
Light 3 - L <200
Light 4 200 <L




15 for each row in the red-eye area increment RowCount |oop through each
pi xel in the row doing increnent Pixel Count add this pixel's lightness to
Lsum 20 wod3nhi7sl pi xel 's saturation to Ssumif this pixelPCir&Boonotshe fir st
on the row 25 end if calculate the |ightness change fromthe previous pixe
to this calculate the saturation change fromthe previous pixel to this if
| i ght ness change is above the Lnmediumthreshold WO 03/071781 PCT/ GB03/ 00767
48 increnent Lmed if |ightness change igg above the Llarge threshold
increment Lbig end if 5 10 15 20 end if if saturation change is above the
Smedi um threshold increment Smed if saturation change is above the Slarge
threshold increnment Sbhig end if end if add the square of the |ightness

change to the rol [Gf@iaSUM LSQU add e absoffut eSlYﬁi‘clﬂEgo‘f'; +He |ightness

change to the ro'%ﬁ@%ﬁ%%gk%ﬁﬁngha WhiteA
Huel AND Sat2 AND Light3 WhiteB
Huel AND Satl AND Light2 WhiteC
Huel AND Sat2 AND Light3 WhiteD
Hue2 AND (Satl OR Sat2) AND Light?2 WhiteE
Hue2 AND (Satl OR Sat2) AND Light3 WhiteF
FHuel AND Satl AND Light4 Whitel
Huel AND Sat2 AND Light4 WhiteJ
Huel AND Satl AND Light1 WhiteK
Huel AND Sat2 AND Light1 WhiteL.
(Satl OR Sat2) AND Light2 WhiteX
(Satl OR Sat2) AND Light3 WhiteY

Unlike their base categories, these supercategories are mutually exclusive, excepting
WhiteX and WhiteY, which are supersets of other supercategories. The algorithm keeps
5 a count of the number of pixels in each of these twelve supercategories as it iterates
through all of the pixels in the annulus. These counts are stored together with the other
information about each red eye, and will be used in stage 4, when the area is validated.

This completes the analysis of the annulus.

10 Also analysed is the red-eye area itself. This is performed in three passes, each one
iterating through each of the pixels in the area. The first pass iterates through the rows,
and within a row, from left to right through each pixel in that row. It records various

pieces of information for the red-eye area, as follows.

15 for each row in the red-eye area
increment RowCount
loop through each pixel in the row doing
increment PixelCount
add this pixel’s lightness to Lsum
20 add this pixel‘s saturation to Ssum
if this pixel is not the first on the row
calculate the lightness change from the previous pixel to this
calculate the saturation change from the previous pixel to this
end if
25 if lightness change is above the Lmedium threshold



add the square of the saturation change to the rolling sum Ssqu add the
absol ute value of the saturation change to the rolling sum Sabs end | oop
next row weagfdi7RowCount, Pi xel Count, Lsqu, Labs, Lned, LCg/GRoS0m67Ssqu,
Sabs, Sned, Shig and Ssumw th the other data for this red-eye area

Lmedi um Ll arge, Snedium and Slarge are thresholds specifying the size a
change nmust be in order to be categorised as nmedi um sized (or bigger) and
bi g, respectively. The second pass thrgugh the red-eye area iterates

t hrough the pixels in the area 25 summ ng the hue, saturation and

| i ght ness val ues over the area, and al so summ ng the val ue of (hue x

| i ghtness), (hue x saturafjon) .and; (saturation x lightness). The hue used
here is the actual hue rohag_d;g¥(;&%eﬁg@&wekgngggggggmgm the hue circle).
This rotation noves the val ueinofemgred®id rom around zero to around 128. The
mean of. each of these sjxerddifstributions is then cal cul ated by dividing

t hese t50t als by the mﬁgﬁg{aﬂ%ﬁ%ﬁ%g sggng@ed%r{ﬁg»igm%r%gﬁdérhe third pass

iterates through the pixel,s & culates e variance and popul ation
standard devi ati on for eathsafratfee cBinge ¢ siavé bh s1aA8 dhkdsndig S, H x L, H X
S, Sx, ). The nean and st andarcere\drati on of each of the six
distripltions is thep .r cBdéd with the 35 other data for this red-eye

area. This conpl et eszﬁdhlg,e@&gge 3Rl BiSneAlcnl e ENFe 0d111Disn $Lage, each area
inthe list will havea @ssaelatedivsidehné tiigcsbg BlahdeCaNthe DR «@f Labs

i nfor i on whi ch i saddhtn saged of chedeterpionghanghed Herrodrinnetn tdw@ ar ea shoul d
stay ifPthe |ist. 40°RO"O3IPOTL?SIASPEPETFEBOSFBOTEES SPdgR “oH L ingAfp fabs

Val i dation The ZI°%G6F%thm now uses the data gathered in stage (3) to reject
404

sone or all of therare@Sunt, eikbRoldcStLsqbOba®ache®df b3 Shat bshi s ecor ded,
there is some range @fedvabisesnd bt WGCE Uhe jogherr &daefpesshianddfepe agee of the
statist@cs, there are ranges of values that occur only in false 5

detections, This also ljes t ati os an odu of two or three of
t hese st at Lg)teastxg?,ilarge,asorgecﬂum ané) S{arge are thICSqIOPC{S spec%y?ng the size a change must

be in order to be categorised as medium sized (or bigger) and big, respectively.

The second pass through the red-eye area iterates through the pixels in the area
25 summing the hue, saturation and lightness values over the area, and also summing the
value of (hue X lightness), (hue X saturation) and (saturation x lightness). The hue used
here is the actual hue rotated by 128 (i.e. 180 degrees on the hue circle). This rotation
moves the value of reds from around zero to around 128. The mean of each of these six
distributions is then calculated by dividing these totals by the number of pixels summed

30 over.

The third pass iterates through the pixels and calculates the variance and population
standard deviation for each of the six distributions (H, L, S, Hx L, Hx S, S X L). The
mean and standard deviation of each of the six distributions is then recorded with the

35 other data for this red-eye area.

This completes the area analysis. At the end of this stage, each area in the list will have
associated with it a significant amount of information which is then used to determine
whether or not the area should stay in the list.
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The al gorithmuses tests that conpare a single statistic, or a value

cal cul ated fromsome conbination of two or nore of them to the val ues
that are wopeotredi i n red eyes. Sonme tests are required tecrsGrassmsd, and
the area will be rejected (as a false detection) if it 10 fails those
tests. Other tests are used in conbination, so that an area nust pass a
certain nunber of them- say, four out of six - to avoid being rejected.
As noted above, there are five differenjg feature types that may give rise
in stage (2) to an area, and three different sets of criteria for H L and
S that may be used to find an area 15 given a feature, although not all of

the sets of er |icable to all of the feature types. The areas
can be grouspg%e%nt%r%ia‘;ﬁ%jt%ﬁggrl es according to these two properties. Eyes

that are defiecilgdithavevsass e 0A8 ghihe2d iR alaey B)Mo 6oy Shiad! gory
of area they are det ected with, s{;o t he tesgs@{)hgt gJare h%rg?oa?lrr(ggﬁ?%tag

gi ven ar ea BéKdig Bpr Wﬁh@lﬁtheﬁattsh@%réCQQed:ah%gwsow hige cafrxah;eﬁ dlak scduntip. For

this purpo r to 20 vali there are
many, and ? de%/all %?Olﬁésgfd&g(g%gj gtgcs gorit Fvefs C(?jfa@?‘&rsmoc‘éﬂr R’dé pEstls on
whi ch cat egltegtiois. f'Hhé slsd aprdies Tchtaﬁos hill prodiots SEERY dHRRS o%ﬁie@stﬁtﬁ%ﬁ:ﬁ are
applied. Further to this level of specificity in the validators e anount

of detail within, and the 25 characteristics of, a red-eye area are

slightly d']f}ﬂceed'i@?fthrfn%s Téhfégtg%at oo ErX%SSH%II %t dSt]tCi‘ Boglxe/a?lg%?:%ﬂg@?tgg om Some.

pi xel s in the ifrage.) ere are theref

speci fi cal lcpmboratiey ©f thnat moreof hegeto hhivalePaiat BleBxbetsSird ﬂaa%yésargﬁng al se
det ecti ons fail | arge eyes will not (although small eyes nay
fail them. %ﬁ@# P *??opf’g @f%w@ib%ﬁqw% appdy fabee @é@@ed) ifHr ough
nore than grpe 0 f val.idator for its
category of ar egdel tg%% bt}%elﬂrt%'isedrrgéga@p gg{)rgp} m@ﬂl%uslsagxﬁta%%eﬁ mu%é’assl% i
case, it rustepefsbenl sayhour eltefaixt— walvoibleisrejeetdde ret ai ned. A val i dat or

is simply a collection of tests tailored for sone specific subset of all
areas. One group of tests uses the seven supercat egori es first described in

THESE 2 el o SUPLRPR ORI s L
t hat super éiregiut frendiffetrat vdts bf eritaris fredilfL ead Sethgenay be used to find an area
15  given a feature, although not all of the sets of criteria are applicable to all of the feature
types. The areas can be grouped into 10 categories according to these two properties.
Eyes that are detected have some properties that vary according to the category of area
they are detected with, so the tests that are performed for a given area depend on which
of these 10 categories the area falls into. For this purpose, the tests are grouped into

20  validators, of which there are many, and the validator used by the algorithm for a given

area depends on which category it falls into. This, in turn, determines which tests are

applied.

Further to this level of specificity in the validators, the amount of detail within, and the
25  characteristics of, a red-eye area are slightly different for larger red-eyes (that is, ones
which cover more pixels in the image.) There are therefore additional validators
specifically for eyes that are large, which perform tests that large false detections may

fail but large eyes will not (although smaller eyes may fail them).



There is thus one such test for each category, and a given validator wl|
require a certain 10 nunber of these seven tests to be passed in order to
retain thwoas®al7sif nore tests are failed, the area w || Pog/GrBmeteed. 15
Exanpl es of other tests include if Lsum < (sonmeThreshold x Pi xel Count)
reject area if (soneThreshold x Lmed x RowCount) < Lsumreject area if
(Labs / Lsum > soneThreshold reject area 20 if nean Lightness >
sonmeThreshol d reject area 25 if standaryg deviation of (S x L) <
sonmeThreshold reject area if Ssqu > (standard deviation of S X
sonmeThreshol d) reject area The skilled person wi || readily appreci ate the

nat ure and ferr d| | ementati on wil |
use all posAs/I;Fl egwgﬁgre ant suc ghe%{&gev\ﬁilci ClcatPt ! F1lﬁmé{5’€"’%@’t‘%en
true red- ey@hdaiteﬁﬁraﬂscbategery&ﬁfe@éa eiid 4 alrger dﬁi(ﬁ@dr'&@@sems P80 8n Bhis cA¥eCa

Renmoval by Interactign In this stage, some of the areas stifl in the [ist
are now rertbTgt BRsE éﬁélée wievant wlidaprsgade rﬁ@tﬂﬁéeﬁ vahidatar sasmplyor cadkzctiorar ea,
a circle i 9reanshiistel edk WS ?eélﬂégu gétocfla ' bes that area - this circle
has the sanme centre as the a , 1arge enough to contain it.
If the Sircles for two or nore areas |ntersect they are considered for
renmoval . 35 WD 03/071781 PCT/ GB03/ 00767 51 The area detected associ at ed
with a gendi¥e8oUR.-UyiEsts (istie NGetoren SHRTCHeRORRS figtgleseilied ipeStagend puped , and
may spill ovBlysidnot tHae f gt _overl ap,
and nor can iTi s([éls (or V}]l%egé eé%g%geg gé &C@é)?thepy%te%p r?e%ntﬂe\ﬂr(momon
t her ef or e wbpixeduwishinithe eneaelmt aregin alnzaasPeraane:gdryl nache wab@s skpeélhedfrﬁ%%
shoul d be cﬁl eted fromt %f?) However, speci al_consideration nmust be
gi ven because& thers ey BEIRLACERY> %%%glVF%VﬁlF@tqfl@ﬂl TR TS eari@in wi t h
the same redn®¢eof tHes€ sedclGeSAE bé gﬁ’s‘s@d/ ¢ BEr I?@Y(Qalgetﬁgtaﬁqﬁfﬁﬁ&%dteﬁ? e than
e fTive

once. It may have been identified by nore than one o
failed, the area will be rejected.

Examples of other tests include

if Lsum < (someThreshold x PixelCount) reject area

15 -

if (someThreshold x Lmed x RowCount) < Lsum reject area

if (Labs / Lsum) > scmeThreshold reject area
20 if mean Lightness > someThreshold reject area

if standard deviation of (S x L) < someThreshold reject area
25 if Ssqu > (standard deviation of S x someThreshold) reject area

The skilled person will readily appreciate the nature and variety of tests possible. The
preferred implementation will use all possible non-redundant such tests which can

discriminate between true red-eye areas and the areas of false detections.

30 Stage S — Area Removal by Interaction
In this stage, some of the areas still in the list are now removed because of interactions
between the areas. For each area, a circle is constructed which Jjust circumscribes that
area — this circle has the same centre as the area, and is just large enough to contain it.

If the circles for two or more areas intersect, they are considered for removal.
35



different feature detection algorithns, and/or have had nore than one area
associated 10 with it during area detection due to the fact that there are
t hree di fwerenti7sets of correctability criteria that nayPog/ameaotess find
an area. If this is the case, in theory there may be up to ten overl appi ng
areas that are associated wth a single red-eye in the imge, although in
practice (because of the different 15 detection requirenents for different
features), it is unusual to find nore 4jhan five. It is not desirable to
apply correction to any red-eye nore than once, so only one of these areas
shoul d be used for correction, but one of t hem nust be retained or else the
red-eye 1 orrect d 20 | t esirable to retain the area whi ch

|1 noé be
will give Tferrpipdgtedd eﬁsa 1afe i;g“rqé‘é‘lﬁ’l red-g¥§ dFue qetichiant ingd imags will hay e

been det ert REgh fQ4 el gp@@ AL at.ego
whi ch area |2$h§ bé’?‘&y Sone tcr) retﬂgq%m%rw?{st@afe%etﬁgg g{fl\ﬁ?shéegn%(geir&r\’glz %hoverl ap

of the arwmascant hses (abiulead eentired eyeas).at Gemiins z@se)&ndwﬂhdlemefbmgmu esist hey
bel ong to.. Therefo t hat over] a i ntersect) .or. are very close
to each otlﬂeerrsec?%arﬁ? 8?‘?%%@6@‘3? E%ﬁlz'%eaéé}wﬁ%f) BQF@?{O&Z Hedisk i ne whi ch of
themto keep. They may all be rejected. At the end of this stage there
remains a |list of areas, each of which, so far as the al gorithm may

assess, i sHawewei weadl wmwe@tlpedmeyee glwem h@aumtgere N B8MORAth8Y one area

PCT/ GBOB/OO? g t erfo ask in four ses,, the
Firor tor OB /8F 1RE aliofiaO0ih AGRBE B4R Lt heSiine Bod-81 rBO ISR ekt ¢
ot her ci r cliéotedditdrd thanl @st. af muyi lkdve RERV@StIARE bYUhoreOhan @he YhS EvE Of
duplicate é} identical) circles. 5 These four phases are best understood by

consi der i ngifferat 8%&5? idereRLeRs elgoeghrea@ndfehéave h%bﬁ@seeﬁra@cpn@arwssmated
pseudom: Od\%ﬁhAp d%ﬂ}lé yarééj(a@te@&o dhg"tg thé %aétyt?xgt ﬁ}er e rt}?rfcg rﬁff%rgn §§s ofgﬁgt ure

type and area ‘det ection cat'egory respecti i s exanpre i

that the @nfercgabimytﬁ&npﬂ&snihlye)enseﬂewmdanﬁrea/vas det ected as a feature by
the type 4 detector and the associated area was found using the
correctability criteria HLS described in stage (2). A 10 suitable val ue

for O f setfhreshel dadd Bheds Mereditl AL QRS 8SARHidT S0 R& oM FsodiRed0 25

with a single red-eye in the image, although in practice (because of the different
15  detection requirements for different features), it is unusual to find more than five. It is
not desirable to apply correction to any red-eye more than once, so only one of these
areas should be used for correction, but one of them must be retained or else the red-eye

will not be corrected.

20 It is desirable to retain the area which will give the most natural looking result after
correction. Rules have been determined for all combinations of area categories which
specify which area is the best one to retain. This depends on the degree of overlap of
the areas, their absolute and relative sizes and the categories they belong to. Therefore,
for areas that overlap (intersect) or are very close to each other, the algorithm applies

25  several rules to determine which of them to keep. They may all be rejected. At the end
of this stage there remains a list of areas, each of which, so far ag the algorithm may

assess, is associated with a red-eye in the image.



30 35 40 45 Phase 1 for each circle in the |list of possible red-eyes

(“this') f

or each other circle after "this' in the |list of possible

red- eyes wotohati7gr if "this' and "that' have both been narkadHBw0OTRl et i on
i n phase one advance to the next "that' in the inner for loop end i f if
cle and that, circle do not intersect at all advance to the next

“this' cir
“that' in
not mark
| oop end i

the inner "for" loop end if if "this' is type 4 HLS and "that'

'S

this, for deletion advance te,the next "that' in the inner "for"

f if "that' is type 4 HLS and this, is not mark "that' for

deletion advance to the next ‘that' in the inner "for" loop end if if

“this' and
next "t hat
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re ... Is less than fset Threshol d AND verti cal distance

. one oHnyss'etscoérdUplecaaenﬁdenttlhdﬁ tirdemtre is | ess than O fset Threshol d

the next "that' in the inner "for" loop end if else

These four phases are best understood by considering the algorithm used by each one,
represented below in pseudo-code. An entry such as *“‘this’ is type 4 HLS” refers to the
feature type and area detection category respectively. In this example it means that the
entry in the possible red-eye list was detected as a feature by the type 4 detector and the
associated area was found using the correctability criteria HLS described in stage (2). A

suitable value for OffsetThreshold might be 3, and RatioThreshold might be 1/3.

Phase 1

for each circle in the list of possible red-eyes (‘this’)
for each other circle after ‘this’ in the list of possible red-eyes (‘that’)
if ‘this’ and ‘that’ have both been marked for deletion in phase one
advance to the next ‘that’ in the inner for loop
end if
if ‘this’ circle and ‘that’ circle do not intersect at all
advance to the next ‘that’ in the inner “for” loop
end if
if ‘this’ is type 4 HLS and ‘that’ is not
mark ‘this’ for deletion
advance to the next ‘that’ in the inner “for” loop
end if
if ‘that’ is type 4 HLS and ‘this’ is not
mark ‘that’ for deletion
advance to the next ‘that’ in the inner “for” loop
end if
if ‘this’ and ‘that’ overlap by more than OverlapThreshold
advance to the next ‘that’ in the inner “for” loop
end if
if ‘this’ circle bas same radius as ‘that’ circle
if horizontal distance between ‘this‘ centre and ‘that’ centre
. is less than OffsetThreshold AND vertical distance between
. ‘this’ centre and ‘that’ centre is less than OffsetThreshold
advance to the next ‘that’ in the inner “for” loop

end if
else
if the smaller of ‘this’ and ‘that’ circle is HaLS AND the
. smaller circle’s radius is less than RatioThreshold times
. the larger circle’'s radius
advance to the next ‘that’ in the inner “for” loop
end if
end if

RemoveLeastPromisingCircle{'this, ‘that’)
next ‘that’
next ‘this’



if the smaller of "this' and "that' circle is HaLS ANDthe . . . smaller
circle's radius is Iess than RatioThreshold times the larger circle's
radi us adwance7ie1the next "that' in the inner "for" | ooppcaraBasfoornd if
RenoveLeast Promi singGrcle("this, "that') next “that' next 'this' WO
03/ 071781 53 PCT/ GB03/ 00767 "RenpvelLeastProm singCGrcle” is a function
i npl ementing an al gorithmthat selects froma pair of circl es whi ch of them
shoul d be narked for deletion, and procgeds follows: 5 if "this' is Sat128
and "that' is NOT Sat128 mark 'that' for deletion end end if if "that' is
Sat 128 and "this' is NOT Satl28 10 mark "this' for deletion end end if if
"this' is type 4 and "that' is NOT type 4 nmark '"that' for deletion 15 end
20 end if if "that' is type 4 and "this' NOT type 4

“RemoveLeastPromisingCircle” is a function implementing an algorithm that selects

from a pair of circles which of them should be marked for deletion, and proceeds as

follows:

S  if ‘this’ is Sat128 and ‘that’ is NOT Satl28
mark ‘that’ for deletion

end
end if
if ‘that’ is Satl128 and ‘this’ is NOT Satl28
10 mark ‘this’ for deletion
end
end if

if ‘this’ is type 4 and ‘that’ is NOT type 4
mark ‘that’ for deletion
15 end
end if
if ‘that’ is type 4 and ‘this’ is NOT type 4
mark ‘this’ for deletion
end
20 end if
if ‘this’ probability of red-eye is less than ‘that’ probability of red-eye
mark ‘this’ for deletion
end
end if
25 if ‘that’ probability of red-eye is less than ‘this’ probability of red-eye
mark ‘that’ for deletion

end
end if
if ‘this‘ and ‘that’ have different centres or different radii
30 mark for deletion whichever of ‘this’ and ‘that’ is first in the list
end
end if

The references to ‘probability of red-eye’ use the measure of the probability of a feature
35  being ared-eye that was calculated and recorded in the area analysis stage (3) described

above.

Phase 2

for each circle in the list of possible red-eyes (‘this‘)
40 if this circle was marked for deletion in phase one
advance to the next ‘this’
end if
for each other circle after ‘this’ in the list of possible red-eyes (‘that’)
if ‘this’ was marked for deletion in phase one
45 advance to the next ‘that’ in the inner for loop
end if
if ‘this’ and ‘that’ have both been marked for deletion in phase two
advance to the next ‘that’ in the inner for loop
end if
50 if ‘this’ circle’s radius equals ‘that’ circles radius
if horizontal distance between ‘this’ centre and ‘that’ centre



25 30 mark end end if is "this' for deletion if "this' probability of
red-eye mark '"this' for deletion end end if if "that' probability of
red-eye wardg/o7t7ent’ for deletion end end if is |ess tharCTICEIB/00767 o
probability of red-eye is less than "this' probability of red-eye if "this
and 'that' have different centres or different radii the list mark for

del etion whichever of 'this' and "that' is first in end end if as The
references to "probability of red-eye' .yse the neasure of the probability
of a feature 35 being a red-eye that ﬁas cal cul ated and recorded in the
area anal ysis stage (3) described above Phase 2 for each circle in the
list of possible red-eyes ('thi If this circle was marked for

del etion in phase one ~advancg; fﬁcéﬁﬁgoﬁg%%ﬁ; fifdsip vertical distance between

is less than OffsetThreshold
. AND ‘this’ circle intersects with ‘that’ circle
advance to the next ‘that’ in the inner for loop
5 end if
else
if the smaller of ‘this’ and ‘that’ circle is HaLS AND the
. distance between their centres is less than
. 1.1 x (1 + the sum of their radii) AND the ratio of
10 ... the smaller to the larger radius is less than 1/3
mark the smaller of ‘this’ and ‘that’ for deletion
end if
if ‘this’ circle and ‘that’ circle intersect AND the overlap
. area as a proportion of the area of the smaller circle
15 ... is greater than OverlapThreshold
if the smaller of the two radii x 1.5 is greater than
. the larger of the two radii

RemoveleastPromisingCircle( ‘this’, ‘that’ )
else
20 mark the smaller of ‘this’ and ‘that’ for deletion
end if
end if
end if
next ‘that’
25 next ‘this’
Phase 3
for each circle in the list of possible red-eyes (‘this’)
30 if this circle was marked for deletion in phase one or phase two
advance to the next ‘this’
end if

for each other circle after ‘this’ in the list of possible red-eyes ('that’)
if ‘this’ was marked for deletion in phase one or phase two
35 advance to the next ‘that’ in the inner for loop
end if
if “this’ and ‘that’ have both been marked for deletion in phase three
advance to the next ‘that’ in the inner for loop
end if
40 if neither ‘this’ nor ‘that’ is type 4 HLS AND ‘this’ and ‘that’ do not
. intersect
if the distance between the circles is less than the smaller of
. their radii
mark ‘this’ and ‘that’ for deletion
45 end if
end if
next ‘that’
next ‘this’

50 for each circle in the list of possible red-eyes
if this circle has been marked for deletion
remove it from the list
end if
next circle
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45 50 end if for each other circle after "this' in the list of possible
red-eyes ('that') if '"this' was nmarked for deletion in phase one advance
to the newoo3phersi in the inner for loop end if if 'thisPCarGBo3wbmr' have
bot h been marked for deletion in phase two advance to the next "that' in
the inner for loop end if if "this' circle's radius equals "that' circles
radius if horizontal distance between '"this' centre and 'that' centre WO
03/071781 54 5 el se PCT/ GB03/ 00767 "'5§S | ess than O f set Threshol d AND
vertical distance between ... this, céntre and that' centre is |less than
O fset Threshold AND t his' circle intersects with that, circle advance to
the next that, in the inner for.l oo end if if the snaller of "this' and

"that' ciréneapyeHBes PRAGSS (K cifflet Lon delehen witghy PIE) RAE BATHEPON HAWES { han
1.1 x (1 +1rﬁé}§ctﬁiﬁ@1 @twé&?'cfrcl’é@déﬂd) th%th hﬁnfsﬁ% yqpnmnﬁ thfdﬁghsﬁ@l lloft O the

|l arger radius Is less than 1/ 3 mark e sm nd that, for
del eti on poxditild reidfeyes hndtenmiving thosriblat hakhabéenchuscinerked ferdsktbn AND t he

overlap ... area as a proportion of the area of the smaller circle ... is
greater than Overl apThreshol d
5 Phase4

The fourth phase removes all but one of any sets of duplicate circles that remain in the

list of possible red-eyes.

for each circle in the list of possible red-eyes (‘this‘)

for each other circle after ‘this’ in the list of possible red-eyes (‘that’)

10 if ‘this’ circle has the same centre, radius, area detection and
. correctability criterion as ‘that’ circle
remove ‘this’ circle from the list of possible red-eyes
end if

next ‘that’

15 next ‘this’

At the end of this stage, each area in the list of areas should correspond to a single red-
eye, with each red-eye represented by no more than one area. The list is now in a
suitable condition for correction to be applied to the areas.

20
Stage 6 — Area Correction
In this stage, correction is applied to each of the areas remaining in the list. The
correction is applied as a modification of the H, S and L values for the pixels in the area.

The algorithm is complex and consists of several phases, but can be broadly categorised

25  as follows,

A modification to the saturation of each pixel is determined by a calculation based on
the original hue, saturation and lightness of that pixel, the hue, saturation and lightness
of surrounding pixels and the shape of the area. This is then smoothed and a mimetic
30 radial effect introduced to imitate the circular appearance of the pupil, and its boundary
with the iris, in an “ordinary” eye (i.e. one in which red-eye is not present) in an image.
The effect of the correction is diffused into the surrounding area to remove visible

sharpness and other unnatural contrast that correction might otherwise introduce.



if the smaller of the two radii x 1.5 is greater than the larger of the
two radii RenovelLeastPromisingCircle( "this', "that' 10 15 20 end if next
that, 25wpesn7i78his’ end if else end if mark the snal | er Pefl/GRoBIB767 and
“that' for deletion Phase 3 for each circle in the |ist of possible
red-eyes ('this') 30 if this circle was marked for deletion in phase one or
phase two advance to the next "this' end if for each other circle after
this, in the list of possible red-eyess{ that') if this, was nmarked for
deletion in phase one or phase two 35 advance to the next "that' in the
inner for loop end if if "this' and "that' have both been marked for
deletion in phase three advangce to _th ext "that' in the inner for |oop
40 45 end PR BlOCRRrs (R4 RSTioEmRd for Fﬂlahgleﬁw caehppixel ARy Hraundaihg

“that' do ectable aleR RSB Aepenlls bR Nafi AN RREVGEE LR G HoR &R dbSvd, eSS
than the smaller of ... their radi
and also on the H, S and L values of that pixel and its neighbours. This lightness
modification is similarly smoothed, radially modulated (that is, graduated) and blended

5 into the surrounding area.

After these saturation and lightness modifications have been applied to the image, a
further modification is applied which reduces the saturation of any pixels that remain
essentially red. This correction depends upon R, G, B colour data for each of the pixels,
10  as well as using H, S, L data. Effort is made to ensure that the correction blends
smoothly around and across the eye, so that no sharp changes of lightness or saturation

are introduced.

Finally all of the corrected eyes are checked to determine whether or not they still

15  appear to be “flares”. Eyes that, after correction, are made up predominantly of light,
unsaturated pixels and appear to have no highlight are further modified so that they
appear to have a highlight, and so that they appear darker.

The correction process will now be described in more detail.
20

Saturation Multipliers

A rectangle around the correctable area is constructed, and then enlarged slightly to
ensure that it fully encompasses the correctable area and allows some room for
smoothing of the correction. Several matrices are constructed, each of which holds one

25  value per pixel within this area.

On a 2D grid of lightness against saturation value, the algorithm calculates the distance
of each pixel’s lightness (L) and saturation (S) value from the point L = 128, S = 255.
Figure 24 show how this calculation is made for a single example pixel 80 having (L,S)

30 =(100,110). The distance from (L,S) = (128,255) is the length of the line 81 joining
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implementation will use a range similar to (Hue = 220 or Hue < 21), which covers the

red section of the hue wheel.

For each such pixel, the algorithm calculates a multiplier for its saturation value — some

10 need substantial de-saturation to remove redness, others need little or none. The
multiplier determines the extent of correction — a multiplier of 1 means full correction, a
multiplier of 0 means no correction. This multiplier depends on the distance calculated
earlier. Pixels with L, S values close to 128, 255 are given a large multiplier, (i.e. close
to one) while those with L, S values a long way from 128, 255 have a small multiplier,

15  smoothly and continuously graduated to 0 (which means the pixel will be uncorrected).
Thereby the correction is initially fairly smooth. If the distance is less than 144, the
multiplier is 1. Otherwise, it is 1 — ((distance — 144) / 36).

An assessment is now made of whether to proceed further. If there is a large proportion
20 of pixels (>35%) on the boundaries of the rectangle that have a high calculated
correction (>0.85), the algorithm does not proceed any further. This is because the
rectangle should contain an eye, and only a correctable area of a shape that could not
represent an eye would cause a pattern of multipliers with high values near the
rectangle’s edges.
25
The algorithm now has a grid of saturation multipliers, one per pixel for the rectangle of
correction. To mimic the circularity of the pupil and iris of an eye, and ensure that the
correction is graduated radially (to improve smoothness still further) it applies a
circular, radial adjustment to each of these multipliers, as shown in Figure 25. The

30  adjustment is centred at the midpoint of the rectangle 83 bounding the correctable



20 Stage 6 - Area Correction In this stage, correction is applied to each
of the areas remaining in the list. The <correction is applied as a
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shown in Figure 26 with horizontal striping. Correctable pixels 87, i.e. those with a

15 saturation multiplier above 0, are shown in Figure 26 with vertical striping.

The new multiplier for each of these pixels is calculated by taking the mean of the
previous multipliers over a 3x3 grid centred on that pixel. (The arithmetic mean is used,
i.e. sum all 9 values and then divide by 9). The pixels just outside the boundary of the
20  correctable region thus have the correction of all adjacent pixels blurred into them, and
the correction is smeared outside its previous boundary to produce a smooth, blurred
edge. This ensures that there are no sharp edges to the correction. Without this step,
there may be regions where pixels with a substantial correction are adjacent to pixels
with no correction at all, and such edges could be visible. Because this step blurs, it
25 spreads the effect of the correction over a wider area, increasing the extent of the

rectangle that contains the correction.

This edge-softening step is then repeated once more, determining new multipliers for
the uncorrectable pixels just outside the (now slightly larger) circle of correctable

30 pixels.



20 Saturation Multipliers A rectangle around the correctable area is
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Figure 24 show how this calculation is nade for a single exanple pixel 80
having (L,S) 30 = (100,110). The distance from(L,S) = (128,255) is the
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15 multiplier over the entire bounding rectangle (which contains the correctable area). In

effect, the size of each lightness adjustment is (linearly) proportional to the total amount

of saturation adjustment calculated in the above pass.

An edge softening is then applied to the grid of lightness multipliers. This uses the same

20  method as that used to apply edge softening to the saturation multipliers, described

above with reference to Figure 26.

The whole area of the lightness correction is then smoothed. This is performed in the
same way as the edge softening just performed, except that this time the multiplier is re-
25  calculated for every pixel in the rectangle, not Just those which were previously non-
correctable. Thus, rather than just smoothing the edges, this smoothes the entire area,

so that the correction applied to lightness will be smooth all over.

The algorithm then performs a circular blending on the grid of lightness multipliers,

30  using a similar method to that used for radial correction on the saturation multipliers,



rectangl e should contain an eye, and only a correctable area of a shape
that could not represent an eye would cause a pattern of multipliers with
hi gh val ve@® mm@ar’st he rectangle's edges. 25 The al gorit hmpaaweBREa®OB®7gri d of
saturation multipliers, one per pixel for the rectangle of <correction. To
mmc the circularity of the pupil and iris of an eye, and ensure that the
correction is graduated radially (to inprove snoothness still further) it
applies a circular, radial adjustnent o each of these nultipliers, as
shown in Figure 25. The 30 adjustment is centred at the m dpoint of the
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pi xel s 86 shown in Figure 26 with horizontal striping.
Cor r ect abl gsé(?é&et%gwgrﬁt'i .e. those with a 15 saturation nultiplier above O,
are shoywh in Figure 26 with vertical striping. The new nultiplier for each
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15

The saturation is corrected first, but only if it is below 200 or the saturation multiplier
for that pixel is less than 1 (1 means full correction, 0 means no correction) — if neither
of these conditions is satisfied, the saturation is reduced to zero. If it is to be corrected,
the new saturation is calculated as

20
CorrectedSat = ( OldSat X ( 1 — SatMultiplier ) ) + ( SatMultiplier x 64 )

Thus, if the multiplier is 1, which means full correction, the saturation will be changed
to 64. If the multiplier is 0, which means no correction, the saturation is unchanged. For
25  other values of the multiplier, the saturation will be corrected from its original value

towards 64, and how far it will be corrected increases as the multiplier’s value increases.

For each pixel in the rectangle further correction is now applied by modifying its
lightness, but only if its corrected saturation as just calculated is not zero and its

30 lightness is less than 220. If it does not satisfy both of these conditions, the lightness is



there may be regions where pixels with a substantial correction are

adj acent to pixels wth no correction at all, and such edges coul d be
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correction over a wider area, increasing the extent of the rectangle that
contains the correction. This edge-softening step is then repeated once
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03/071781 59 PCT/ GB03/ 00767 Havi ng established a saturation nultiplier for
each pixel, the correction algorithmnow noves on to |ightness
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15  where SatMultiplier is the saturation multiplier already used to correct the saturation.
These adjustments are stored in another grid of values. The algorithm applies
smoothing to the area of this new grid of values, modifying the adjustment value of
each pixel to give the mean of the 3x3 grid surrounding that pixel. It then goes through

all of the pixels in the rectangle except those at an edge (i.e. those inside but not on the

20  border of the rectangle) and applies the adjustment as follows:
FinalSat = CorrectedSat X Adjustment
CorrectedSat is the saturation following the first round of saturation correction. The
25  effect of this is that saturation is further reduced in pixels that were still essentially red

even after the initial saturation and lightness correction.

Flare Correction

Even after the correction described above, some eyes may still appear unnatural to the

30 viewer. Generally, these are eyes which do not have a highlight, and which, following



so that the correction applied to |lightness will be snmooth all over. The
algorithmthen perforns a circular blending on the grid of |ightness

mul ti pli ew®,03/0308using a simlar nethod to that used for radiGBo3ooTrecti on
on the saturation nmultipliers, WO 03/071781 PCT/ GB03/00767 60 descri bed
with reference to Figure 25. This time, however, the annulus 88 is
substantially different, as shown in Figure 27. The radii of the inner 89
and outer 90 radii of the annulus 88 a® oss which the |ightness
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corresponding radii 85, 83 used for radial correction of the 5 saturation
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but only if its corrected saturation as just calculated is not zero and its
specified range.

15 The rectangle used for correction in the previous stages is constructed for each corrected
red-eye feature. Each pixel within the rectangle is examined, and a record is made of

those pixels, which are light, “red”, and unsaturated — i.e. satisfying the criteria:

((0 <Hue < 21) OR (220 < Hue < 255)) AND (Saturation < 50) AND (Lightness > 128)
20

A 2D grid 301 corresponding to the rectangle is created as shown in Figure 28, in which

pixels 302 satisfying these criteria are marked with a score of one, and all other pixels

303 are marked with a score of zero. This provides a grid 301 (designated as grid A) of

pixels 302 which will appear as a light, unsaturated region within the red-eye given the

25  correction so far. This roughly indicates the region that will become the darkened pupil.

Grid A 301 is copied into a second grid 311 (grid B) as shown in Figure 29, and the
pupil region is “eroded” down to a small number of pixels 312. The erosion is
performed in multiple passes. Each pass sets to zero all remaining pixels 305 having a

30  score of one which have fewer than five non-zero nearest neighbours (or six, including



30 lightness is less than 220. If it does not satisfy both of these
conditions, the lightness is WD 03/071781 PCT/ GB03/00767 61 not changed.
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on a per-pixel basis but this tine using RGB data for the pixel. For each
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Every pixel in grid C 321 is now examined again, and marked as zero if it has fewer

15  than three non-zero nearest neighbours (or four, including itself). This removes isolated
pixels and very small isolated islands of pixels. The results are saved in a further grid
331 (grid D), as shown in Figure 31. In the example shown in the figures, there were no
isolated pixels in grid C 321 to be removed, so grid D 331 is identical to grid C 321. It
will be appreciated that this will not always be the case.

20
Every pixel in grid B 311 is now examined again, and those pixels that are zero in grid
D 331 are marked as zero in grid B 311 to yield a further grid 341 (grid E), as shown in
Figure 32. In the example shown, grid E and grid B are identical, but it will be
appreciated that this will not always be the case. For example, if the corrected eye does

25 have a saturated highlight, the central pixels in grids C and D 321, 331 will have a
saturation greater then 2 and will thus have been marked as zero. These would then
overlap with the central pixels 312 in grid B, in which case all of the pixels in grid E

341 would be set to zero.



therefore necessary to apply a further correction to these corrected eyes
to create a sinmulated dark pupil and light highlight. 5 The grey corrected
pupi |l is woeabifsed and its shape determ ned. The pupil | ®CT@BYdOU67t0 a
smal |, roughly central point. This point becones a highlight, and all other
| ight grey pixels are darkened, turning theminto a natural -l ooking pupil.
10 Flare correction proceeds in tw stages. In the first stage al

corrected eyes are analysed to see wh er the further correction is
necessary. In the second stage a further <correction is made if the
relative sizes of the identified pupil and highlight are within a
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whi ch are |} " . i i i.terja:
(0 taie: -8 diEns REHRR R IIE 20 iCeerdRr il ouhf ol g Siqrftkiid

(Li ght ness 382 ih2gjd 20 381 2D1@s ithhn38,1ne diaree sqosttionds tapplidietor #dd anglaadithe
created as shown in Figure 28, in which pixels 302 satisfying these
criteri @ ard8oRPRePR% th a score of one, and all other pixels 303 are
mar ked with a score of zero. This provides a grid 301 (designated as grid
A) of pixels 302 which will appear as a |ight, unsaturated region within
t he red- eyelngiddgiont efizthecanreeton Brpesforrhet if tHdato pdthgltoynt ofdioaatespikéle

region that_w |l becone the darkeped pupil.. Gjid A 3 IS copied into a
second gri d34\\,¥11f %ﬁdﬂg)“’é@: %WPPW'E?IBLW%CI%é!}g&h&ngﬂ%ﬁlpﬁplle?s ‘?‘é‘b?%rﬁei s
"eroded” dogRshQdad SdFRldardpDEY. OfhiPinieehs 3l Zhe JPREISANRY Kbk cR@LAQ Fed in
mul tiple passes. Each pass sets to zero all rendi ning pi xels 305 having a

30 scorl® ofcooreetlyvized highlightf awkthattthapuifil selardoenorngh.o near est nei ghbours (or
six, including WO 03/071781 PCT/ GB03/ 00767 63 thenselves - i.e. a pixel is
set to zero if the 3x3 block on which it is centred contains fewer than

Si X non- zerphPineBss stageiabe ﬁé@%bﬁxgldté Gelrea 384 cehfairs thO pRbiX &gford SIRIaRd OF
the erosion has been performed 20 tines. The version 351 of grid B

i mredi at el ygipt E@#1 contampighd taghlight tegiam34dper ation is recorded. This will
contain one or nore - but not a large 5 nunber of - pixels 312 with scores
of one. These pixels 312 will becone the highlight.

15  If further correction is to be applied, the next step is application of an appropriate
correction using the information gathered in the above steps. Edge softening is first
applied to grid D 331 and grid E 341. This takes the form of iterating through each
pixel in the grid and, for those that have a value of zero, setting their value to one ninth
of the sum of the values of their eight nearest neighbours (before this softening). The

20  results for grid D 351 and grid E 361 are shown in Figures 33 and 34 respectively.
Because this increases the size of the area, the grids 351, 361 are both extended by one
row (or column) in each direction to ensure that they still accommodate the whole set of
non-zero values. While previous steps have placed only values of one or zero into the
grids, this step introduces values that are multiples of one-ninth.

25
After this edge softening has been performed, correction proper can begin, modifying
the saturation and/or lightness of the pixels within the red-eye area. An iteration is
performed through each of the pixels in the (now enlarged) rectangle associated with the

area. For each of these pixels, two phases of correction are applied. In the first, if a



The pixels in grid A 301 are again re-anal ysed and all those pixels 304
havi ng saturation greater than 2 are marked as zero. This elimnates all
pi xel s exwepB/ortiese whi ch have al nost no visi bl e col our atPrcarGBwmot6iose
that remain will be those that appear white or 10 very light grey. The

results are saved in a new grid 321 (grid C, as shown in Figure 30. It
wll be noted that this has renoved nost of the pixels around the edge of
the area, |eaving only nost of the pugs pixels 322 in place. Every pixel

ingrid C 321 is now exam ned again, and marked as zero if it has fewer 15
t han three non-zero nearest neighbours (or four, including itself). This
renoves i solgtiefhoniaX @l wl@nseXeF thaf ¥Bid inl S B1BU dndll8RABaPbnd SIS E 31
results are saved in a further grid 331 (grid D), as shown in Figure 31.

I n the exantpt éolkivongcirectineifdpglieds, there were no isolated pixels in grid
C 321 to be renoved, so grid D331 is identical to grid C 321. It wll be
appreciated that this will not always be the case. 20 Every pixel in grid B
311 is now exan ned agakSatu@font hose- pi xa) s*id1dtigafmesene® in grid D 331
are marked as zero in grid B 311 to yield a further grid 341 (grid E), as
shown i ® Figure 32. Newkighniéssanpl e Show!)-3 §QldLightages grid B are identical,
but it will be appreciated that this will not always be the case. For
exanple, if the corrected eye does 25 have a saturated highlight, the
central pi xhes, imh@rilds oiherixdD3381n ¢33 D Mildsk thuavEe (bt sSlA0nREHAM aieat er
then 2 and wil| thus have been marked as zero. These would then overlap
with the cet@dEpixels 312 in grid B, in which case all of the pixels in
grid E 341 would be set to zero. WD 03/071781 PCT/ GB03/ 00767 64 As the
above iteration is perforned, the nunber of non-zero pixels 332 in grid D
331 is 10recorded, togeéthkighwieth the saunbeNewdightesszegiod Pivadles 342 remai ni ng
ingrid E 341. If the count of non-zero pixels 342 in grid E 341 is zero
or the count of non-zero pixels 332 in grid D331 is less than 8, no flare
correction ol i trh . Lk s. In addition,
no further gglf?‘glg%’ilgﬁeitggdp])j;ﬁlg?g)rggleﬁsp@tl %g(;ﬁlrsalf(iag41 %?[%LEF%%%QF of non-zero
pixels 342 in grid E 341 to the count of non-zero pixels 332 in grid D 341

is less than some threshold - for exanplﬁ 0.19. . This neans that the eye is
likely to have cont ai ngg>yuraton = ewSaturation + 16

15
These lightness and saturation values are clipped at 255; any value greater than 255 will
be set to 255.

A further correction is then applied for those pixels 362, 363 that have a non-zero value
20 in grid E 361. If the grid E value of the pixel 362 is one, then the following correction
is applied:

128
255

NewSaturation

NewLightness
25

If the grid E value of the pixel 363 is non-zero but less than one,

NewSaturation = OldSaturation x grid E value
NewLightness = 1020 x grid E value
30



10 correctly-sized highlight, and that the pupil is dark enough. The

anal ysis stages are now conplete. Gid D 331 contains the pupil region 332,
and gridwbBo3d1178pnt ai ns the highlight region 342. 15 |f famtds®s/oewrr ecti on
is to be applied, the next step is application of an appropriate

correction using the information gathered in the above steps. Edge
softening is first applied to grid D 331 and grid E 341. This takes the
formof iterating through each pixel i the grid and, for those that have
a value of zero, setting their value to one ninth of the sumof the val ues
of their eight nearest neighbours (before this softening). The 20 results
for grid D 8bBefamrdthgsd ehlkes3bd clippedah2ifn i n Fi gures 33 and 34 respectively.
Because this increases the size of the area, the grids 351, 361 are both
extended by one row (or colum) in each direction to ensure that they

still aCCOWPﬂQF{Srﬁ@EP@tM&Cﬁ%. of non-zero values. Wile previous steps
y valu

have pl aced on es of one or zero into the grids, this step
i ntroduces values that are nultiples of one-ninth. 25 After this edge

f [ h b f or med ion. beqi i.f Vi h
St urat 1 on DirdPemon eiEnages B Troar RS g Ae S s L bl o 7@

iteration i v%holg%ﬁge(’i @ﬁfi’?&éﬂr@w&hb@%ﬂ}e&&e& bt pud&! Buidseldee pirdoPaeithakged)
W

rectangl e associ ate W the area. For each of these pixels, two phases

of correct i whichrred-apprédudtion fs tohee pplisd, farfexampie sy @ 72281 cptENEE0BCeD767

65 pi xel - 358, has val.ue greater than zero.i } - l.ess one
P R e R R o S T S S e

NewLi ghnt esgp(k i réqudtedli BHHRABSe; thEtmetBod dSesGlod nlegdhtdBs perféwely, actdratehelfval ue
of the pixel 356 in grid Dis less than 1 (but still >0 in grid D and <1

in gridl®E) , redeyrsoducgpr e Berfomgdiogr ftaise rRotygausedPy, Edyeaitie Piikeey aﬁ 2t he

grid D val ugse(r){m'{lﬁeno%icé%e cﬁgfzfeh&.l (and still <1 in grid E), NewSaturation

Since the red-eye detection algorithm searches for light, highly saturated points before
searching for areas of red, the method works particularly well with JPEG-compressed

15 images and other formats where colour is encoded at a low resolution.

The detection of different types of highlight improves the chances of all red-eye features
being detected. Furthermore, the analysis and validation of areas reduces the chances of
a false detection being erroneously corrected.
20
It will be appreciated that variations from the above described embodiments may still
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 method
25 according to the invention may be used to correct for this effect. Indeed, the initial
search for highlights rather than a region of a particular hue makes the method of the

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

Furthermore, the method has generally been described for red-eye features in which the

30 highlight region is located in the centre of the red pupil region. However the method



NewSat uration + 16 15 These |ightness and saturation values are clipped at
255; any value greater than 255 will be set to 255. A further correction
is then awplodedi78or t hose pixels 362, 363 that have a nonPrerGBosadse 20 in
grid E 361. If the grid E value of the pixel 362 is one, then the foll ow ng
correction is applied: NewSaturation NewLi ghtness 128 255 25 If the grid
E value of the pixel 363 is non-zero but | ess than one, NewSaturation
NewLi ght ness O dSaturation x grid E val®%e 1020 x grid E value 30 WO
03/071781 66 As before, these values are clipped at 255. This conpl etes
the correction. PCIT/@B03/00767 5 The nethod according to the invention
provi des a viINQAr wefk ffventpgRSurdd wieSeKEglitibha regidiplseoft-bagRs, oaletdipatahe i t
will be appreciated that a user could select part of an image to which
red- eye redeigeiobtheirgd tegid¥e applied, for exanple just a region containing
faces. This would cut down on the processing required. If a whole inmage is
processed, no user input is required. Furthernore, the nethod does not
need to be perfectly accurate. If 10 red-eye reduction is perforned on a
feature not caused by red-eye, it is unlikely that a wuser wuld notice the
difference. Since the red-eye detection algorithmsearches for |ight,

hi ghly saturated points before



searching for areas of red, the nethod works particularly well wth

JPEG conpressed 15 imges and other formats where colour is encoded at a
| ow r esolwbiosn7178he detection of different types of highl ipghtGBoapemves t he
chances of all red-eye features being detected. Furthernore, the analysis
and val idation of areas reduces the chances of a false detection being
erroneously corrected. 20 It will be appreciated that variations fromthe
above descri bed enbodi nents may still al |l within the scope of the

i nvention. For exanple, the nethod has been described with reference to
people's eyes, for which the reflection fromthe retina leads to a red
region. FoCLAIMS:ani mals, "red-eye" can lead to green or yellow
reflections. The method 25 according to the invention may be used to
correct for this effect. Indeed, the initial search for highlights rather

than a regipn of A q,dfd dfceledlin Q- SRMBSulh & ABlzhadinDke tddgnprisihgent i on
particularly suitable for detecting non-red aninmal "red-eye". Furthernore,

t he met hod has gidemifgingypupdeegidesiorthénlageoby seathingeior agpwr EPixels Waviehat he
30 highljght region js, |located,in. the centre of the red pupil region.
However gthepfﬁ%fit% o a&%?‘é)"f’ﬁ%’iorg@%‘y"ééb%‘f’é&m 67 will still work for
red-eye featuresjgehaschugthtd Sl f2n0hn itlfe Bidge MBNIcarhirgl fop\naowadfl pirels edge
of the red region. \iﬁj 53/ 0717%2;1686%CLAI MS: PCT/ GB03/00767 1. A nethod of
det ecting rleingediffsrontipredetermiaed pajitasipn padigidighérasppiodileignd i denti fyi ng

pupil regions in,the.inma segrchi. r f . R \L
pr edet er m ned saﬁﬁ?rgfl]illi}ﬁqvg}?@%re ﬁ é‘#lg%és&p%og%elg&édgit%@hﬁfdff ;dl I}r%g\é grg%dﬁg?
pupi | regi ogsthebatibef furgesdletisfariehiang for a row of pixels having a

different predeterm ned saturation and/or |ightness profile; and
det ermi H¥ ng whet her each pupil region corresponds to part of a red-eye

feature onyt he Raﬁlatﬁo&) fos Tt B8 in %ﬁﬁrﬁclt, icBHlpﬁthé %érﬁi’fyiflxg two or more types of

pupil regions, a pupil region in each type being identified by a row of pixels having a

saturation and/or lightness profile characteristic of that type.

15 3. A method as claimed in claim 2, wherein a first type of pupil region has a
saturation profile including a region of pixels having higher saturation than the pixels

therearound.

4. A method as claimed in claim 2 or 3, wherein a second type of pupil region has
20  a saturation profile including a saturation trough bounded by two saturation peaks, the
pixels in the saturation peaks having higher saturation than the pixels in the area outside

the saturation peaks.

5. A method as claimed in claim 2, 3 or 4, wherein a third type of pupil region has
25  a lightness profile including a region of pixels whose lightness values form a “W”

shape.

6. A method as claimed in any of claims 2 to 5, wherein a fourth type of pupil
region has a saturation and lightness profile including a region of pixels bounded by two

30 local saturation minima, wherein:



2. Anethod as clainmed in claim1, conprising identifying two or nore types
of pupil regions, a pupil region in each type being identified by a row of
pi xel s hawprngoai78sat urati on and/ or |ightness profil e char craBosnim7of t hat
type. 15 3. A nethod as clainmed in claim2, wherein a first type of pupi
region has a saturation profile including a region of pixels having higher
saturation than the pixels therearound. 4. A nmethod as clainmed in claim?2
or 3, wherein a second type of pupil réfion has 20 a saturation profile

i ncluding a saturation trough bounded by two saturation peaks, the pixels
in the saturation peaks having higher saturation than the pixels in the

area outside thel&stefeddikédin PRIl régiohaes H0da@dsh KibRirBeh 4 pre@édidiinéd 3 or
4, wherein a third type of pupil region has 25 a lightness profile

i ncludi ng s2pEgianhesiqixel s whose Iightness values forma "W shape. 6. A
met hod as cl ai mgd, L3, 30%, Qrgd ﬁé@ﬁ@g (cagrvE§’0f5 ix e%{ e Bﬁill];r]egglt'(grltcr}ogs"t%?ceoffanfyp' !

regi on has a saturation an Ss proti I NCI a region of pixels
bounded by two (3@ lbext éikhthadsutiaimhoareivdutatbin thdygupei gioO 03/ 071781

PCT/ GB03/ 00767 69 at | east one pixel in the pupil region has a saturation
hi gher than a predeterm ned saturation threshold; the saturation and

| i ght ness curvesy f &l SaitdRd i EaRHB WhESH hGE: ocal
| i ght ness m ni ma areelp(? ocat aelgigldn t ae pUpth retg?gﬁgd(e%&?}“%%gn%%g t%%%lgi med
in claim 6,iswbartdDB. t he predeterm ned saturation threshold is about 100.
8. Anethod as clained in claim7, wherein: 10 the saturation of at |east

one pixel in the pupil region is at |least 50 greater than the |lightness of
that pixel ;gthe gatdiatdsmifbd ih@aih 28bhdtineach 1 ocal lightness nmininmmis

greater than the |I|ightness of that pixel; one of the |local |ightness
m ni ma I0ncl udes thhieatpiatieh ofiavleag anheitadwe gte pupghegiesds at least 50 greater than
the lightness of that pixel;
the saturation of the pixel at each local lightness minimum is greater than the
lightness of that pixel;
one of the local lightness minima includes the pixel having the iowest lightness
15  in the region between the two lightness minima; and

the lightness of at least one pixel in the pupil region is greater than a

predetermined lightness threshold.

0. A method as claimed in claim 6, 7 or 8, wherein the hue of the at least one pixel
20  having a saturation higher than a predetermined threshold is greater than about 210 or

less than about 20.

10. A method as claimed in any preceding claim, wherein a fifth type of pupil region
has a saturation and lightness profile including a high saturation region of pixels having
25  a saturation above a predetermined threshold and bounded by two local saturation
minima, wherein:
the saturation and lightness curves of pixels in the pupil region cross twice at
crossing pixels;
the saturation is greater than the lightness for all pixels between the crossing

30  pixels; and



15 in the region between the two |ightness mnim; and the |ightness of at

| east one pixel in the pupil region is greater than a predeterm ned

| i ght nesswols@stiel d. 9. A nethod as clained in claim®6, 7prom/@o3whmrei n the
hue of the at |east one pixel 20 having a saturation higher than a
predeterm ned threshold is greater than about 210 or |ess than about 20.
10. A nethod as clainmed in any preceding claim wherein a fifth type of
pupi| region has a saturation and |ightthess profile including a high
saturation region of pixels having 25 a saturation above a predeterm ned

t hreshol d and bounded by two | ocal saturation mnim, wherein: the

saturation and |w@hbaRsishGeds\EiMh alil¥Ed&d inihd P&ildpioh. r €gi on cross twice
at crossing pixels; the saturation is greater than'the |ightness for all

pi xel s between the crossing 30 pixels; and WD 03/071781 PCT/ GB03/ 00767 70
two | ocal liﬁhtqg%%dﬁﬁ@%ﬁ@ﬁﬁ&hﬁ&%ﬁﬁ?g'&ﬁn&he pupi|l region. 11. A nethod
i . erein:

as clainmed 1'n cllaim e gat ur ati on of pi xel s in the high

saturation regi ohe bguakion ef piRelstin Hehigbsdniatidiie goh iPhdRkabadt tope edge of
t he high saturation re?ion is greater than about 210 or |ess than about

20; and>no pi xel thepue o Pgls ke pdge falbn higcwfurptiohiesionss Ereftenihamatouy
| i ght ness lﬂ\f%ﬂ Stsr@, atbgﬁtﬂ-)éﬁcli at the corresponding | ocal |ightness
2. %\ nmet hod of ™’

m ni nrum 10 correcting red-eye features in a digital inmage,
conprising: genes pixehgp & fous butsidepasis idehElifieadsy meginym haaanighthetdlooegh
each pixel in the i 9 searching for saturation and/or |ightness profiles
char act er i sff® thePi¥ 3-139@0%%9%18% locphliglingss HBiMYRe in the |ist of
possi ble features, attenpting to find an isolated area of correctable
pi xel s which could correspond to a red-eye feature; 15 recordi ng each
successiflul Bt enptmétiood ofivdrractingsel &lye teatresiniandigitdl imbgeo tompessag: anal ysi ng
each area in the |i %]t[ of &1 gas t.gl cfal cul %t e statistics ar?ld .record .
properties of th&eRfpg2 1st of possible features by scanning through each pixel in the image
searching for saturation and/or lightness profiles characteristic of red-eye features;
for each feature in the list of possible features, attempting to find an isolated area
of correctable pixels which could correspond to a red-eye feature;
15 recording each successful attempt to find an isolated area in a list of areas;
analysing each area in the list of areas to calculate statistics and record
properties of that area;
validating each area using the calculated statistics and properties to determine
whether or not that area is caused by red-eye;
20 removing from the list of areas those which are not caused by red-eye;
removing some or all overlapping areas from the list of areas; and
correcting some or all pixels in each area remaining in the list of areas to reduce

the effect of red-eye.

25 13, A method as claimed in claim 12, wherein the step of generating a list of

possible features is performed using a method as claimed in any of claims 1 to 11.

14. A method of correcting an area of correctable pixels corresponding to a red-eye
feature in a digital image, comprising:

30 constructing a rectangle enclosing the area of correctable pixels;



val i dati ng each area using the calcul ated statistics and properties to
determ ne whether or not that area is caused by red-eye; 20 renoving from
the |ist wboaneast t hose which are not caused by red-eye; PCEGBOBOYEIONME Or
all overlapping areas fromthe list of areas; and correcting sone or all

pi xel s in each area remaining in the list of areas to reduce the effect of
red-eye. 25 13. A nethod as clainmed in claim 12, wherein the step of
generating a list of possible features’lis perforned using a method as
claimed in any of clains 1 to 11. 14. A nethod of correcting an area of
correctabl e pixels corresponding to a red-eye feature in a digital inmage,
conprising: 30 cduatriniafiangueatioachatiglie fenedchgixy id te ractagglefthe sdtimcbabl e
pi xel s; WD 03/071781 PCT/ GB03/ 00767 71 determ ning a saturation nultiplier
for each piReltipiipr ¢alealatecom g basis Pﬁ@eélaﬁ,d%gélﬂeéﬁancﬁﬁﬂ‘%rﬁtmq rtht skl at ed on

t he basis of the L L ghit : ' Of; - ' ; Lhing a

| i ght ness mul ti p?%@%@n?%g %gté%ﬁépls %(Yalﬁ t@%}? é}%%%@t%%db?%;r/&g@g%??E{é&gghg

saturati on tiekitufakior haultiplieas @ra ghiddf piketeswraudmgundipiglt hat pixel; 5

nodi fying the saturation of each pixel int htﬁ rect a{% | e by an anmount

deternimed by tRediEPE e saBatAR tliearh Bixein thhctage Ay angdmois PEYPRELt he

| i ght ness of, gachuRisg! dlﬁ%‘ie'?%fﬁ%ﬁbi%@lghﬁd by an anount determ ned by the
r‘ru}it' I fmt t o1

| i ght ness iplrer o pl xe 15. A nmethod as clained in claim14,
wher ei n t he st epmoflifdeg érenfighitmeys of eachatixelat itlenrecamgleihyl dneaméuwnt demohinpd xel

i ncl udes: op D grid of satuyration against |ightness, calculating the
di st ance obeﬁQ%‘@p&@?S mF]FIBﬁr?%&égqtipH?e&ti on point having predeternined

| i ght ness and saturation values; if the distance is greater than a
predeterm ned threshold, setting the saturation 15 multiplier to be 0 so
t hat t ht0 satur at Agnetbéd ahelnimgidde clajnl 14, wberehethensigpfaf eldterramdng the shforagiiost ance

is less than ﬁr €4 al to .t‘ge (ﬁrfd.et erm ned threshold, calculating the
sat urati on WA Oél’ﬁ“a‘%’a%‘é B¢ e distance fromthe calibration point so

that it approaches2b Wiesf ieadbSiRnRelikfnsRBdicul@id Be Whemcé Beddigiance
ipg: O? ﬁgeza%rglgraaéai?irbfeﬁ?igg :pgin_t igviggh grtedctatgr%ﬁggcll }ilg}iljtlnelzs% ranél zatgra?it)n tVQl?leSt; hreshold and
if the distance is greater than a predetermined threshold, setting the saturation
15  multiplier to be O so that the saturation of that pixel will not be modified; and
if the distance is less than or equal to the predetermined threshold, calculating
the saturation multiplier based on the distance from the calibration point so that it
approaches 1 when the distance is small, and 0 when the distance approaches the
threshold, so that the multiplier is O at the threshold and 1 at the calibration point.
20

16. A method as claimed in claim 15, wherein the calibration point has lightness 128

and saturation 255.

17. A method as claimed in claim 15 or 16, wherein the predetermined threshold is
25  about 180.

18. A method as claimed in claim 15, 16 or 17, wherein the saturation multiplier for

a pixel is set to 0 if the hue of that pixel is between about 20 and about 220.



20 16. A nethod as clained in claim15, wherein the calibration point has

| i ghtness 128 and saturation 255. 17. A nethod as clainmed in claim15 or
16, wher ewo whe17pr edet ermi ned threshold is 25 about 180. PL8/GBR3retchiod as
claimed in claim15, 16 or 17, wherein the saturation nultiplier for a
pixel is set to O if the hue of that pixel is between about 20 and about
220. WD 03/071781 PCT/ GB03/00767 72 19. A nethod as clainmed in any of
clains 14 to 18, further conprising applding a radial adjustnent to the
saturation nultipliers of pixels in the rectangle, the radial adjustnent
conprising: |leaving the saturation nultipliers of pixels inside a
predeterm nggl ci AGh@hvd bhicRim&d ilhéhy ecdlang! Bt T F0aIRS  confpdsinEpbling a
graduating the saturation nmultipliers of pixels outside the predeterm ned
ci rcl e fronfadiabiadjusiesst gasthe spiveations ppltpliges| of pixelshia Becdeteeglpi Hedradialcl e,
to O for pi t rners of the rectangle. 10 20. A method as cl ai ned
in any of c%ﬁ%‘sﬁ%lgﬁtzfoggnﬁ&g'further conprising: for each pixel imediately
out si de t he ar ealeafingalig enliratibre mpitidiess, ofcgikelsl lidideng p detdaiinsd titclatvwithin

mul tiplier by averaging the value of the saturation nmultipliers of pixels
in a 3xP grihg reatagioundharssd &l . 1521. A nethod as clained in any of clains
14 to 20, furthe risLag: scalin i ti-plier e

pi xel accordi ng %I%&?H@ négﬂgigpgt ﬁllleé sg%t%ljragﬁ o%ﬁ#ﬁt&?spr&er 152%1(%” A Fdeo?t(ﬁtghe

pi xel s in tpedetectiaod) tiecle ZRnAtheat fredoes valies, fiedikels anthe giredeteainimedlodrcle 21,
further conPrisséiéng(: 20f or each pi xel irr[nadi ately outside the area of
correct abl !0 308 PEelscal the fosperh gl e Faineiyht ness mul tipli er by averaging the
value of the lightness nultipliers of pixels in a 3x3 grid around that

pi xel . 23. A nethod as clainmed in any of clains 14 to 22, further

conpri sithg: 2@5 f Armethehapélxigiediinmanhef deotsadgbd9, mathendoamtprisguga new | i ght ness
muitipller by axerad pdf gf%gﬁ%ht‘éiay Slisial Td AINLPESSe IS bRlel LSl X©' S

ina 3x3 grid ar
new saturation multiplier by averaging the value of the saturation multipliers of pixels

in a 3x3 grid around that pixel.

15 21. A method as claimed in any of claims 14 to 20, further comprising:
scaling the lightness multiplier of each pixel according to the mean of the

saturation multipliers for all of the pixels in the rectangle.

22. A method as claimed in any of claims 14 to 21, further comprising:
20 for each pixel immediately outside the area of correctable pixels, calculating a
new lightness multiplier by averaging the value of the lightness multipliers of pixels in a

3x3 grid around that pixel.

23. A method as claimed in any of claims 14 to 22, further comprising:
25 for each pixel in the rectangle, calculating a new lightness multiplier by

averaging the value of the lightness multipliers of pixels in a 3x3 grid around that pixel.

24. A method as claimed in any of claims 14 to 23, further comprising applying a
radial adjustment to the lightness multipliers of pixels in the rectangle, the radial

30  adjustment comprising:



24. A nethod as clained in any of clains 14 to 23, further conprising
applying a radial adjustnent to the |ightness nultipliers of pixels in the
rect angl ewotohe7r7adi al 30 adj ustment conpri sing: WO 03/ 07 PC81GB03/00767

PCT/ GB03/ 00767 73 leaving the lightness nultipliers of pixels inside an
inner predetermned circle wthin the rectangl e unchanged; and snoothly
graduating the lightness nmultipliers of pixels outside the inner
predetermned circle fromtheir previ ou® val ues, for pixels at the inner
predetermned 5 circle, to O for pixels at or outside an outer
predeterm ned circle having a dianmeter greater than the di nensions of the

rectangle. 25. Aleﬁfﬁh%@l(k Bghiféssim@leplidrs afpixads tiiderm ibdet preddternibed eirtlet he
step of m)dlf?( e saturation of each pixel includes: 10 if the
saturation Wit %@ﬂﬁm§d§m§9@ém than or equal to 200, setting the

saturation of t e e 58 ess
t han 200, nodi fy%}ﬁg&ffdﬁegrsaa &t i on H(%;]mttel% Eﬁtiqgsucﬁg{ ol Q)% deXr?;llloedll nelr
saturation ﬁeﬁaamuhaimﬁﬂeiﬂﬁdimnﬁﬁmumaiNQMenﬂbﬁppkkeﬂﬁhehnwf@aih&ﬁmhﬁd

mul tiplier x 64). 15 26. A method as claimed in any of clains 14 to 25,
wher ei n % hemgql%ptod? f%mm.%@r qutddg py wyﬁéégeflﬂer@a%i grolehayingludiegetss ¢ he

saturation kgs 46 R.BRGet he 1ightness of the pixel is |ess
than 220, é‘%?gﬁaﬁa f‘ch ﬁl g toness guc that the nodified |ightness =

lightness x (1 - 20 Ilghtness nultlpller) 27. A method as clained in any
of clainms 14_to furt reduction to t .
saturation o1 eaéhmf)‘g? 2? %‘Efno‘iq‘f‘ a?ttj‘ :?401“”}’?%“ ﬁ?paf’fﬁwggmg

| i ght ness o{hetsgﬁraqfoﬁ%keacthltgxa@gchy&lsue of the pixel is higher than both the
green and blue 25 val ues. . A nethod as clainmed in any of clainms 14 to

27, further corrprfltba sugpratign @frtbe arehis gtaterthaoer apil o 00dsstngide shtucdtiode a

bright hi ghl i nd dark pupil region therearound, nodifying the
saturation 3#1 Xﬁﬁg’n(gélggof the pixels in the area

if the saturation of the pixel is less than 200, modifying the saturation of the
pixel such that the modified saturation = (saturation X (1 — saturation multiplier)) +
(saturation multiplier X 64).
15
26. A method as claimed in any of claims 14 to 25, wherein the step of modifying
the lightness of each pixel includes:
if the saturation of the pixel is not zero and the lightness of the pixel is less than
220, modifying the lightness such that the modified lightness = lightness x (1 —
20  lightness multiplier).

27. A method as claimed in any of claims 14 to 26, comprising applying a further
reduction to the saturation of each pixel if, after modification of the saturation and
lightness of the pixel, the red value of the pixel is higher than both the green and blue

25  wvalues.

28. A method as claimed in any of claims 14 to 27, further comprising:
if the area, after correction, does not include a bright highlight region and dark
pupil region therearound, modifying the saturation and lightness of the pixels in the area

30  to give the effect of a bright highlight region and dark pupil region therearound.



30 to give the effect o, f a bright highlight region and dark pupil region
t herearound. WD 03/071781 PCT/ GB03/00767 74 29. A nethod as clained in

cl ai m 28, wbhuwstoheg1 conpri sing: determning if the area, after/GRBNE®I on
substantially conprises pixels having high lightness and | ow saturation; 5
sinmulating a highlight region conprising a small nunber of pixels within
the area; nodifying the |lightness values of the pixels in the sinulated

hi ghli ght region so that the sinmul ated%highlight region conprises pixels
with high Iightness; and reducing the |ightness values of the pixels in the
area outside the sinmulated 10 highlight region so as to give the effect of
a dark pupil. 30. A nethod as clainmed in claim?29, further conprising

i ncreasing the saturation of _the pixels in the sinmulated highlight region.
15 31. A method Adeghos avetpimgd & elpim 49 fehef SOMRHYAGI n the step of

correcti ng=sone —YE i xel.s. i 88 LBBLALNI cdAndidRE pidedd hfindr eas
to reduce the efC%ect (#ng Fr?fegl-%ea;%d’irhggﬁgg?%&r rr’e%:l uspngﬂgcmeyt) hod pzllas cl ailn din
any of cl ailigh lighthess 30d 182 satdratiet;hod of correcting a red-eye feature in a

digital jmage, conpri.sing adding a 20 si.nulated highlight region .of_ pixels
naci ng. & hrgh | 1 URPHESE ot S Fefion FmPESTE eSS NUROHOPh B ROV b n
claim 32, fygther conprising increasing the saturation of pixels in the
sinmul ated highlight region. 25 34. A nethod as clained in claim32 or 33,
further conpri simgdifiank dwi lightriche vplssedisthe pixels ipulpd $imudagécbini ghli ghimelziomeo

simul ated highlight regjon. 35 .A nethod as clained in claim32, 33 or 34,
further con‘b?‘i tlé’? %&?mfi‘tﬁ‘giﬂhggrf‘%}?tﬁ&glgn PPy BB(ieganIE)tfnﬁﬁN@P?eWaW g high

lightness and | owjsahs! it ;igmhgesaowﬁlﬁéa%mlet%l@dﬂaﬁe Qfeat Hi8sifit AKE si@Qhed to
determ ne the sinulated highlight region; 03/071781 PCT/ GB03/ 00767 75

decr easithg hipllighit ggeioresnsasgp givgshppfteat of p dankipwpill are regi on; and increasing
the lightness of the pixels in the simulated highlight region. 36. A nethod
as claimed in any of clains 32 to 35, wherein the correction is not

30. A method as claimed in claim 29, further comprising increasing the saturation of

the pixels in the simulated highlight region.

15  31. A method as claimed in claim 12 or 13, wherein the step of correcting-some or
all pixels in each area remaining in the list of areas to reduce the effect of red-eye is

performed using a method as claimed in any of claims 14 to 30.

32. A method of correcting a red-eye feature in a digital image, comprising adding a

20  simulated highlight region of pixels having a high lightness to the red-eye feature.

33. A method as claimed in claim 32, further comprising increasing the saturation of

pixels in the simulated highlight region.

25 34. A method as claimed in claim 32 or 33, further comprising darkening the pixels

in a pupil region around the simulated highlight region.

35. A method as claimed in claim 32, 33 or 34, further comprising:
identifying a flare region of pixels having high lightness and low saturation;

30 eroding the edges of the flare region to determine the simulated highlight region;



5 perforned if a highlight region of light pixels is already present in the
red-eye feature. 37. A nethod of detecting red-eye features in a digital

i mage, cowpri3®7rigt determ ni ng whet her a red-eye feat urePCodR3beropr esent
around a reference pixel in the inmage by attenpting to identify an

i sol ated, substantially circular area of 10 correctable pixels around the
reference pixel, a pixel being classed as correctable if it satisfies at

| east one set of predetermined conditi dAs froma plurality of such sets.
38. A nethod as clainmed in claim37, wherein one set of predeterm ned
conditions includes the requirenents that: 15 the hue of the pixel is
greater than or deateading hedighties20hopixkBIs thetftate oogicdguad to about 10; the
saturation of the pixel is greater than or equal to about 80, and the

|i ght ness of t héngiFasde the ligigessiohdhe pipelsin Dogimylatcdhighheheerion: as cl ai med
in claim37 or 38, wherein one set of predeterm ned conditions includes
the requirenents either that: the saturation of the pixel is equal to 255;
and the |i @t ness nodfthddhes gaxedd insanyr efatleimst 3ato afowutterdibGthe @prrediatn: is2bt t he
hue of the pixel |s greater than _or_ equal .tq about 245 or |ess fhan or
caual 19 Astormebit (i ssianos Yeof R i By st n e Frimtedhte s0;
the saturation of the pixel is less than (1.8 x lightness - 92); the
saturation of the pixel is greater than (1.1 x lightness - 90); and 30 the
| i ght ness df7.t heA piedtedd ofslegriang wd-cyh denteooin a digial 1n@€) IOOTPLFBE:

PCT/ GB03/ 00767 76 40. .A nmethod as, clained in aim 37, 38 .or 39 wherein
one. set of - pr ed Eu I VEBRc Pt TRET AL PORRRI e Eeng e he
hue of the jpi el ma%egwaatu@ﬁl tif@no Olde sty ahn tiSolABOUEuRRBLMMy | BSElat NBEw OF
equal to 5 about 10; ‘and tRe saturati on of the pixel is greater than or
equal tl® abwmecteD®. pixels amwunéithrorefersnesl pikeled pixel deingoflassedipnsorrectatde F1it

wherein t hesa l'gﬁee% aﬂeagttc;[n% rgpttolf rf)gedte%rmined conditions from a plurality of such sets.

38. A method as claimed in claim 37, wherein one set of predetermined conditions
includes the requirements that:
15 the hue of the pixel is greater than or equal to about 220 or less than or equal to
about 10;
the saturation of the pixel is greater than or equal to about 80; and

the lightness of the pixel is less than about 200.

20 39, A method as claimed in claim 37 or 38, wherein one set of predetermined
conditions includes the requirements either that:
the saturation of the pixel is equal to 255; and
the lightness of the pixel is greater than about 150;
or that:
25 the hue of the pixel is greater than or equal to about 245 or less than or equal to
about 20;
the saturation of the pixel is greater than about 50;
the saturation of the pixel is less than (1.8 x lightness — 92);
the saturation of the pixel is greater than (1.1 X lightness — 90); and
30 the lightness of the pixel is greater than about 100.



find an isolated area which could correspond to a red-eye feature is
performed using a 10 nethod as clainmed in any of clains 37 to 40. 42. A
nmet hod aswolmiomgdi i n any of clainms 12 to 41, wherein the CamGRIB/OaTSal ysi ng
each area in the list of areas includes determ ning sone or all of: the
mean of the hue, |um nance and/or saturation of the pixels in the area; 15
the standard deviation of the hue, |um nance and/or saturation of the

pi xels in the area; the nean and stand¥r d deviation of the value of hue x
saturation, hue x lightness and/or |ightness x saturation of the pixels in
the area; the sumof the squares of differences in hue, |um nance and/or
saturation between adjacent pixels for all of the pixels in the area; 20

t he sum of the absolute val ues of differences in hue, |um nance and/ or
saturati on 4*het whdnethed atelatmes ieglaing 37, 3§ pr 49, Whigeig; g| ¢t pﬁp{q:;}gtegp@gc,l a
measur e of - i in | ightness and/or saturation above a
predet er m n%déﬂ}ttﬁlrﬂg?ﬁgqagg E)etr\%\%g%%%gjfi%ght pi xel s; a hi stogram of the nunber
of correctabl e ptheédus ohteipixel fis grer@r than&r equa do alveilt 220 26 ladfmoemtequal to
correctapl e pixg&s; a histogram of the nunber of uncorrectable pixels

havi ng Y ond®% &¢Ammedi ately adj acent correctable pixels; a neasure of
the probabl 1ty @ sidfish SRR iCAURRANRY of QfinPYGLBACES. ON Lhe ,
probability of the hue, saturation and |ightness of individual pixels being
found in a red- 30 eye feature; and WD 03/071781 PCT/ GB03/ 00767 77 a

nmeasur e of e probabi|lity .of the ar bei fal se tection, of .a red-eye
Meature “hakbs PA%RaRod ptsfaifientin gndpt SigSndo 1. Phein Bt SEhsP Mehmifhelg o f

i ndi vi dual Rhxeh $sopRédfiea WdiHcduld Bord@b6d fra fiadydrfeatof isGRESAHeDsihed- eye.
5 43. A nethod as clained in claim42, wherein the neasure of the

pr obabi 1Q t ymethotlae clagneshinisay 0§ cleinsE0taAD. r ed- eye is determ ned by
evaluating the arithnetic nean, over all pixels in the area, of the
product of the independent probabilities of the hue, |ightness and

saturation yal ueg @bthe@eh cRined ibeiyef flawndll b a1 rwkkreinehé eRpwanalkeingd. A
method as clainmed in claim42 or 43, wherein the neasure of the probability
each area in the list of areas includes determining some or all of:
the mean of the hue, luminance and/or saturation of the pixels in the area;
15  the standard deviation of the hue, luminance and/or saturation of the pixels in the area;
the mean and standard deviation of the value of hue X saturation, hue X lightness and/or
lightness X saturation of the pixels in the area,
the sum of the squares of differences in hue, luminance and/or saturation between
adjacent pixels for all of the pixels in the area;
20 the sum of the absolute values of differences in hue, luminance and/or saturation
between adjacent pixels for all of the pixels in the area;
a measure of the number of differences in lightness and/or saturation above a
predetermined threshold between adjacent pixels;
a histogram of the number of correctable pixels having from 0 to 8 immediately
25  adjacent correctable pixels;
a histogram of the number of uncorrectable pixels having from 0 to 8 immediately
adjacent correctable pixels;
a measure of the probability of the area being caused by red-eye based on the
probability of the hue, saturation and lightness of individual pixels being found in a red-

30 eye feature; and



of the area being a false detection is determ ned by eval uating the
arithnetic nean, over all pixels in the area, of the product of the

i ndependewpD opiotrabi | i ti es of the hue, |ightness and saturatriGBodwaicaes of
each pixel being found in detected feature not caused by red- eye. 15 45. A
method as clained in any of clains 12 to 44, wherein the step of anal ysing
each area in the list of areas includes_ analysing an annul us outside the
area, and categorising the area accordT%g to the hue, |um nance and
saturation of pixels in said annulus. 20 46. A nethod as clained in any of
clainms 42 to 45, wherein the step of validating the area includes

conpari ng theneafuat icftthe prabatilipy op eict ares befngt hdalas detevtidrnopn eddbes ficanad

t hreshol ds and_tests. 25 47. t hod as. cl ai in claimA46, wherein the

t hreshol ds Bified PR&RSP é‘E}hEYoOfA 8 PP flTeiRD dchie RE5E 104 TRk VidHa Hlv‘g%%emg
feature a!’]dfoﬁ'{ll(?ﬁl Q&ét@&{:@f&atﬁgnot’%aﬁ@ %qe@éyél aimed in any of claims 12 to
47, wherein the step of renbving SO or all overl apping areas fromthe
|ist of areas includes: 30 conparing all areas in the list of areas with

all other areas in the. list; 03/.071781 PCT/ GB03/ 00767, 78 if two area
over | ap becalise ‘f‘H’é?Q%q @SI %alﬁrq\d/\gafﬁwa‘e‘fzee*%ie{%% theqaeasPR ofi th p()ﬁ?lrtﬁa}&"ﬁfty 8’? ;Ss
the best t oy keghing 2Bkl BIREIRYe MR B Sl R Srithinttic ¥lead! &R% alll |

two areas overlap or nearly overlap because they are not caused by red-eye,
renovi ng bopikelanedle incamitthe pradyet eff thadedependeny 9robapibisienplithedrealighidesso

h d [ | aim 50, | ai med i
Craim o, vt ad o SRR TRET thhaTo Bl e SRR or . "G gi tal

printing mni-lab, camera, portable view ng device, PDA scanner, 10 nobile
phone, el ectronic book, public display system video canera, television,

di gi t al 10 f i #4n edAtmeifoéquirloireent in daigi $2br p.oykereiorthe measire ot Hiesppabiklyst em
or photo bog tg‘% ﬁéﬁgﬁlgcaoﬁ%td%{ec§5n°irsadgfeerﬁﬁl%'d%§)e@%l\ﬁhf?rgg HE W BT RGRERN o Fer

program arra
all pixels in the area, of the product of the independent probabilities of the hue, lightness

and saturation values of each pixel being found in detected feature not caused by red-

eye.

15
45. A method as claimed in any of claims 12 to 44, wherein the step of analysing
each area in the list of areas includes analysing an annulus outside the area, and
categorising the area according to the hue, luminance and saturation of pixels in said
annulus.

20

46. A method as claimed in any of claims 42 to 45, wherein the step of validating
the area includes comparing the statistics and properties of the area with predetermined

thresholds and tests.

25 47. A method as claimed in claim 46, wherein the thresholds and tests used to

validate the area depend on the type of feature and area detected.

48. A method as claimed in any of claims 12 to 47, wherein the step of removing
some or all overlapping areas from the list of areas includes:

30 comparing all areas in the list of areas with all other areas in the list;



executed to carry out the method of any of claims 1 to 48. 15 52. A digital
I mge to which has been applied the nethod of any of clains 1 to 48.
WO 03/071781 PCT/GB03/00767

78

if two areas overlap because they are duplicate detections, determining which
area is the best to keep, and removing the other area from the list of areas;
if two areas overlap or nearly overlap because they are not caused by red-eye,

removing both areas from the list of areas.

49. Apparatus arranged to carry out the method of any preceding claim.

50. Apparatus as claimed in claim 49, which apparatus is a personal computer,
printer, digital printing mini-lab, camera, portable viewing device, PDA, scanner,
10  mobile phone, electronic book, public display system, video camera, television, digital

film editing equipment, digital projector, head-up-display system, or photo booth.

51. A computer storage medium having stored thereon a program arranged when
executed to carry out the method of any of claims 1 to 48.

15
52. A digital image to which has been applied the method of any of claims 1 to 48.



