WD 03/ 026278 PCT/ GB02/ 03527 1 | MAGE PROCESSI NG TO REMOVE RED- EYE FEATURES
This invention relates to the detection and reduction of red-eye in digital
i mges. 5Swoheopizemonrenon of red-eye in photographs is wel lPChraBm/033then a
flash is used to illumnate a person (or animal), the light is often
reflected directly fromthe subject's gtetina back into the canera. This
causes the subject's eyes to appear red when the photograph is displayed
or printed. 10 PhohpRGRPAROMSSING $OPREINGVE RESIESE FRATUNES Mages,
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 24-bit

value as three 8-bit val ues _representi the intepnsity ,.of .red. green and
bl ue for t Hals Fveion rajates o, the;dgacfion P’ilfgl%g}lgw 03?“8?&% sdl%lgar% 1SSt ¢ ansf or med
so that the 24-bit value consists of three 8-bit val ues representing "hue",
15 "saturation" and "lightness”. Hue provides a "circular" scal e defining

t he col 6ur ,Theophenbmendh pf prdesyierinsphotagraphistin webleknooimo uWhsass flagh sHisedigh

green and hj.ue.as the value .ingreases, .bagk to r Sat u [
ot ovi dos. a TEELTHRE? GFrsPndss PG 0 1t i aron btsted; Blsey fomnels, Bt B
Li ght ness GafindBackeRifo @ SaniBas Urfs @huses ¢he Bibjedt s Odyes itd lappéanatd avhene By
mani pul ation of these digital inmages it is possible to reduce the effects
of red- eye.phofgrankds displayehorgaittestns this task is well known, and generally
works by altering the pixels of a red-eye feature so that their red
content is reduced - in other words so that their hue is rendered | ess
red. Noyprel Photddrephsadre ihebisimiy blaek asrdigiedt inpeey typisilpads a?taydVbs pixetsi- eye
reduction software requires the centre _and radius of each red-eye feature
which is t ovhese eash pirphisarprmaliy represerichiYea £4RiyVaws- phaR Felaus ?ﬁe %lach pixe
i nformation_| 4 | r i ; 5
feature and"Phir Shefed Win 1R SELECRERE RPRIA Vil Riafif Ind Rl
performed fefr rediacliednedn®itud dat thae, pineid Aermainelyyltht iaoay 36f pixelsefar behas
no effect on the rest of the inage. However, this re Tires con jdeéghje
i nput f r om wanstarmed soghat the 2dilgyalae omsists 8t Hires Tbhtt‘c’li‘l"F‘é ISPERTEBEc At re of
each refl ey am%(ﬁﬁ)tnuraﬁd "?igﬂm%&”.s%@&brM'&s@“Jﬁﬁfm’F adiidIaefirBAQ e E0I6RTRBN
met hod i's for e user t

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 of the intensity of the

colour identified by the hue. Lightness can be seen as a measure of the amount of

illumination.

20
By manipulation of these digital images it is possible to reduce the effects of red-eye.
Software which performs this task is well known, and generally works by altering the
pixels of a red-eye feature so that their red content is reduced — in other words so that
their hue is rendered less red. Normally they are left as black or dark grey instead.

25

Most red-eye reduction software requires the centre and radius of each red-eye feature
which is to be manipulated, and the simplest way to provide this information is for a
user to select the central pixel of each red-eye feature and indicate the radius of the red
part. This process can be performed for each red-eye feature, and the manipulation
30 therefore has no effect on the rest of the image. However, this requires considerable
input from the user, and it is difficult to pinpoint the precise centre of each red-eye

feature, and to select the correct radius. Another common method is for the user to



WO 03/ 026278 PCT/ GB02/ 03527 2 draw a box around the red area. This is
rectangular, making it even nore difficult to accurately mark the feature.
There i s wbhasetaare a need to identify automatically areas pafi/GBodiogs2ral

i mge to which red- 5 eye reduction should be applied, so that red-eye
reduction can be applied only where it 2is needed, either w thout the
intervention of the user or with mninal user intervention. The present

invention r ' 1.C ;i 82 flﬁafﬂékﬁ]gi i P nkd "Bl c@t f£9i on
of red pif%ﬁgquﬁfégﬁggpwﬁg ¥§?éq?ggtusg&§?hal y a goeincpﬁhes ac right
spot causedchyrattly medklthefdatume.of the flashlight fromthe front of the eye.
These bright spots are known as "highlights". If highlights in the i mge

can be |l ocated then red-eyes are nmuch easier to identify automatically.

Hi ghl i ght s kR NShaEfYe Aﬂgeattsgdeﬂﬁar adt&ﬁa@&gyraeea%f he 'tlﬁ}’ﬁnaée‘?@tvﬂﬁ&ﬁned-

al t hough sonetines they lie off-centre, and occasionally at the edge. 15 In

accor dafice ewk réduation slstuidibpepuyilieds sa thet ysdeye meduction pari bhapisd onlswheigut ded a
met hod of .processi. a. digital inmage e net hod.conprising; .identifying
hi ghl i ght rlgij?%‘ﬁi %‘?’gft Wﬁg?‘ﬂé}&énﬁé‘(fflﬂ&ﬁ BF |“§ervﬁrt“ﬂﬂ‘r1‘?“%ﬁ18i"‘ls%5§?we§¥ ‘f”glr?n' and/ or

| i ght ness values than pixels in the regions therearound; identifying
red-eye features associated with sone or all of said highlight regions; 20

and per f or fihecpressat myentiomcigeagnisas that 8 dymica redapye (satureis nob gingn) e afregioy phs.

Thi s has the,advant that _t he rati '

hi ghl i ght rEgiPoHLS gt f&‘ﬁ'&-‘é\e i%&‘#%ﬁ“r?&iﬁ% L‘{sﬁg}r‘nauggénﬁﬁgr‘r@?@t bﬁ%&?ﬁ%ﬁ& han
the coliQur reR&cticAUS the BasHlipgASfromahe BRhreLthetdye. Midsbright Ghod akeln@ye as
feature and the skin tones surrounding it. Furthernore, colour .is encoded

at a | ow r ebighlightsrt, {idnghiahis inrthebnessiisn dsdowtedr BemErdseyes geamuch esisio py
using satur, Aokl Ailh PR BnfChRChofafil- BYASY el ThdUEllrd 8P TclleE! Y

{
t hat they Wit ?rftl e m sse s use ection | .

30 It is comardseslthoufh saadinicedhaylee éfEatntts andincdasiorally atrthejetdger ef er ence
poi nt associated wth it, to enable the location of the red-eye feature to
be stored in a list. Asingle reference pixel in each highlight region may

therefofe bg SELAEINATa & L6 bAheRRERh WRARARER 18pRIdFR0RER3a2f 3

processing a digital image, the method comprising:

identifying highlight regions of the image having pixels with higher saturation
and/or lightness values than pixels in the regions therearound,;

identifying red-eye features associated with some or all of said highlight regions;

20 and

performing red-eye reduction on some or all of the red-eye features.

This has the advantage that the saturation/lightness contrast between highlight regions
and the area surrounding them is much more marked than the colour (or “hue”) contrast
25 between the red part of a red-eye feature and the skin tones surrounding it.
Furthermore, colour is encoded at a low resolution for many image compression formats
such as JPEG. By using saturation and lightness to detect red-eyes it is much less likely

that they will be missed than if hue is used as the basic detection tool.

30 It is convenient if each red-eye feature can have a unique reference point associated
with it, to enable the location of the red-eye feature to be stored in a list. A single

reference pixel in each highlight region may therefore be selected as the central point



for the red-eye feature associated with that highlight region, and the
red-eye reduction for that red-eye feature centred on the reference pixel.
As wel | awohlawzargs hi gh saturation and/ or |ightness val uespCrlaBoniosd2lri ght of
a typical red- 5 eye feature is very sharply defined. Accordingly a

hi ghlight region is preferably only identified if there is a sharp change
in pixel saturation and/or |ightness between the highlight region and the
regi ons adj.acent ereto. -Fﬁamé . j tifiq ik gbl | . regi ons
may resul tjf‘?rr %I?Cfégxee%%&u? ggsg)ggﬁ%lg&’el y &8@4@? ﬂg g‘ﬁg’ Hdgﬁjlgirg%? 9% g%%n(&)tﬁésnew |1
be identi f fgdhahtdbyafeatui®tenh@d on die rebderygitedat ures, and around which a
red-eye reduction should not be applied. The nethod therefore preferably
conprises elimnating at | east some of the highlight regions as

possi biliti r - [ - waldes | bl & A BBicanepe of
t he highli éﬁt%erlfe% %aﬁ{g% @éﬁﬁrﬁ&ggﬁhgggr 15%@%3 Vgi}lteﬁ’e ?e%e, gand at rgf ore
shoul d fot chatatireds esrs shepludefneds shaioadinglyva highlighttrbgiom 18 prefdralsly enhyt ext
it will be. appreciiated that the phrase identifyin ed-eye features wth
some or al M 1ﬁ§éi“‘gtmﬁ%f’ﬁ P §hePrtignemar Pixg FW@H&@M&T%@Y‘}?&%EF&‘P@W the
possi bi l'ity; t 130ion 68 VR beahdh&st Beft@ssoci ated with any of the

hi ghl i ght trmeélgjlhgfrils glginr%iel?arl ygl It (iHs posesi ble that filters applied to
red-eye features determ ne that none of the red-eye features originally

i dentified |d ha d- uct i lied d 20. ..
ocor di nel yAlihageh miny of O iENRa S eI B0R it b BiRusfSe g likely (e
red-eyg feakut@e %i%l’l?l%h%%?g% Wﬂrl BOSRhhfikd Whidhhaé néd fart’ side@) e feafirey, agd ar e

rejected as possi bi i es ed-eye reduction In practice, there is a
maxi mum si zeoundawhizhr @ redyye freduction shanldact besanplied t Rhe methpddherefops an

entire face s, been phot ogr aphed. . Ther ef or ref.eraply. |f L:ghl.i ght
region ex @éega%bg' %Fﬂ’i—’lﬂga&ngr&%?eﬁﬁtn%o&? ea?erghg rh?%}glg? gaé-l%?/des afsg)aotq%?@#ﬁeg
associ at ed 1y feh-eybaéduchibiiiridedu, if i posuible @i nofe bLhe &Yyghlightitegionsidensifiedr ri ed

out. Red-eye feafures are generally substantially circular. Therefore
|i near hi gtare giused dxitrad-exe, a8d therefore shoyddaphaviggiedisye deaturey asseguatsdevithyng

Rssoo d0ed e n IR gt Rt s SRPLTE e fhe il Pl QURRAR oo B2 ifres
subst ant i alviyh sdrR@af all YO AShRG2HtSeohs GB0R1eASGE(8 indudRe thegyossibititttiat oo i s

preferably not carried out on_any red-eye features which overlap. . .
red-eye features are associated with any of the highlight regions. Simularly, 1t 1s

possible that filters applied to red-eye features determine that none of the red-eye
features originally identified should have red-eye reduction applied to them, and
20  accordingly the phrase “performing red-eye reduction on some or all of the red-eye
features” includes the possibility that all red-eye features are rejected as possibilities for

red-eye reduction

In practice, there is a maximum size that a red-eye feature can be, assuming that at least
25 an entire face has been photographed. Therefore, preferably, if a highlight region
exceeds a predetermined maximum diameter no red-eye feature is associated with that

highlight region, and no red-eye reduction is carried out.

Red-eye features are generally substantially circular. Therefore linear highlight features
30  will in general not be due to red-eye, and therefore preferably no red-eye reduction is
performed on a feature associated with a highlight region if that highlight region is

substantially linear.



each other. Once the highlight regions have been determned, it is
convenient to identify the hue of 5 pixels in the region surrounding each
hi ghl i ghtwoegiozdz7s and only performred-eye reduction for paTreRiReyR7f eat ure
associated with a highlight region if the hue of the pixels surrounding
that highlight region contains nore thap a predeterm ned proportion of red.
The radius of the red-eye feature can then be determned fromthis region

of red pixglsy ; L 90bABBE JuPGh Ay rEREREE&ANEh Qell

pr ef er abl y%oeﬁleﬁgéé@gkrggrégg{)eﬁggbl?dg?ed-eyg ?eat u?égs}egythe rati o of r6a i us of
t he red-eyeadtegthen to the radius of the highlight region falls within a
predeterm ned range of values. For a typical red-eye feature, the radius

of the red-eye region will be up to 8 tinmes the radius of the highlight
region.  Prgfenabhin a5 $HbRohdvedkerd Bethided, 3 isiCOREG r t6lRIch§thé hadba
photographfﬁ??tﬁg 15h§§tggh§%%d.mh%the$_é flasﬁfﬂas %ired mhé%qthe

phot ogr &ph piveds timkbe regionl suimghhdigghteach dygldight aegomoand dahn peifern ged-epal- eye

duct farmed if no flash was fired |t.i. f er abl !
unet her 1 nESGICGPR a1t 4 dgee Feig el renf s BoRi Pk ORT BBARC
not i denti fs,eduRfing 8y BYAIERFLEEH BShtHAS hREEREAN adRedRerfiitl gr8scEon bofed.

exanple in portrait photography, the user may know in advance that all
hi ghl i ght s Thielredibe of thesredrelsy faatitre 6§ thep heydetesminessfeorn this segigreof rdtnixds may

be associated w.th.each  highliaght,reqgion j fi P r ction
may be car rSP’éfaunV\éd{ﬁ% th&ﬁ“&fl}glhgée@(glyef{feggy %)?eéfgg&%{slﬂrrlgfg{:aggjr]%%ggr W §eﬁi cgldésjecond
aspect 19f th@eps RBANRE if 1AY QAtJ OMNralifue 10 theSreleg¥ irelioh & MRetrhdids opthedeidiphi ng
red-eye features in a digital inmage, conprising;, identifying highlight

regi ons corpgicnifalls withial spiedetemeined gmee of yeluent Fona dypisdired-FyfrRESdhS al ues
t han pixels_in t regions t . y 1 s &E’gtﬂﬁ h
hi ghl Plg)r(lt '8 UBRP@SF ?cglggeo%glgg%ﬁ?eglgggg)}gﬁgetg%ﬂaggfsgﬁm%gﬁ%@| of :g& yi ng

further selection criteria. WD 03/026278 PCT/ GB02/ 03527 5 The further

selection criteria preferably include testing the e of pixels sur.raunding
the highl iRyefersbdyy auming telt Bendigitely I1age 1§ %HHFQ#W”@M RhQBJIgB*’rP%do‘és‘S not

corresp@nd { Q. thifidwhether a flash was fired when the photograph was taken, and highlight

regions are not identified or red-eye reduction performed if no flash was fired.

It is preferably determined whether the digital image is monochrome, and, if so,
highlight regions are not identified or red-eye reduction performed.

20
In some cases, for example in portrait photography, the user may know in advance that
all highlights will be caused by red-eye, in which case a red-eye feature may be
associated with each highlight region identified, and red-eye reduction may be carried
out on all red-eye features.

25
In accordance with a second aspect of the present invention there is provided a method
of detecting red-eye features in a digital image, comprising:

identifying highlight regions comprising pixels having higher saturation and/or

lightness values than pixels in the regions therearound; and

30 determining whether each highlight region corresponds to a red-eye feature on

the basis of applying further selection criteria.



eye feature if said hue is outside a predeterm ned range corresponding to
red. 5 The further selection criteria may alternatively or in addition

i ncl ude iwenBiotezihig t he shape of the highlight region, amdTaE08620I Ng
that the highlight region does not correspond to a red-eye feature if said
shape is not substantially circular. Ingaccordance with a third aspect of
the invention there is provided a nethod of 10 reducing the visual effect

of red-eye LA i Qb t I i Si i =

Feat ur s uara g Selfid et et RO ol AR RERERI BRI BB BRe )
around eachighiighd regivh, freiodedsimtining et cee Hipleighe degiomd@astnootorréspemd i aaeds. The
invention alsQ provides a digital i e to which the t hod descri bed above
has 15 beéhe Hapre Hsaiddpsdy autside 3o ed rfb%%ef“(?ﬁ‘?ﬂ?qr{’gm@etf’ﬁ , and a
conputer storage nedium having stored thereon a conputer program arranged
to performthe nethod. Sone preferred enbodinents of the invention wll
now be desdhichfacthérysalesyionfcricoranmlagp alternativelycorvint sdditeneinghide identifiag the

acconpanyi ng draw ngs, .i.n. whi ch: 2Q Figure.l is flowchart descyri bi a
general pr ég%HTuP ﬂi“'oi“ﬂ*@‘&h‘c?‘?%m}’e %e%t,gnmﬁ}n&h?t %h‘? é“%iﬁ‘sggﬁéﬁ%?? c‘{"a%)é‘% am
showi ng_a. {ogRkGha e r@NeyelEAbIIiesai@shipk At sibsihaimytdieulied- eye feature of

Figure 2, showng pixels identified inthe detection of a highlight;
Figure 4 shows the red-eye feature of Figure 2 after neasurenent of the

di us; 30 Fi 5| f 1 owch d i bi :
ot eot i ng. rBcegaRe bibed T by o bs RacheR, SRS PRSEEY fidhod ot
may notyoConk@icihg fid- ¥l %ﬁ@ét_&ff&%d-e?él feddird€in baigiol i@eage, foimpsisioly deeatinges as

efficiently as possible, it is useful to apply a filter to W) 03/026278
PCT/ GB02/ 038¢-ye Geatiree usingethasmetthed desrsived abeis eadcupgingdhp twsaft Px¢ls nd

the features nd A red- ORI ' fLeatures, preferably
W t hout t hear?‘fﬂ%ef?aﬁlzﬁ%%ﬁﬁorfs £l ? ﬁgcyﬁeglé%’.ﬁl g&% %ogﬁzl{é(rgf/{hrsal %gllxégt form an
automatic red-eye filter can operate in a very 5 straightforward way.

Since red-eye features can only qccur, in photographs jn i G fl ash was
used, no r ebhecipmentionalsq povifse @ Haital iplage &P i""fh“?ﬁb&f" I‘%%tho%ﬁgscpp?cgabov ver,
if a flash was used, ' [ Lhedmsutéd ashowas
used, t enk\feI?g %Pﬁgg‘g a;g;{?(r)du Sd%%gﬁéegaﬁ)cﬁgﬁoﬁﬁﬁé e@?ﬁé@s%senﬁ?@ng red-geye.

| f any red-@y@uhariiigatorad thefeanrctomputer program arranged to perform the method.

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 flowchart describing a general procedure for reducing red-eye;

Figure 2 is a schematic diagram showing a typical red-eye feature;

25 Figure 3 shows the red-eye feature of Figure 2, showing pixels identified in the
detection of a highlight;

Figure 4 shows the red-eye feature of Figure 2 after measurement of the radius; and
30 Figure 5 is a flowchart describing a procedure for detecting red-eye features.

When processing a digital image which may or may not contain red-eye features, in

order to correct for such features as efficiently as possible, it is useful to apply a filter to



they are corrected. This process is shown in Figure 1. 10 An algorithm
putting into practice the process of Figure 1 begins with a quick test to
det er m newatveibhers t he i nage coul d contain red-eye: was thectiahosizred? |f
this question can be answered No' with 100%certainty, the algorithm can
termnate; if the flash was not fired, ¢ he i nage cannot contain red-eye.
Sinply knowing that the flash did not fire 15 allows a |arge proportion of
imges to b il 1 i S $i . -&e
number of paaerag VA bitnEiies cbhlubeptERS Al heteplics: sl 9P SR
met hod i nvotarestias ko thyse featunsse prefeattilisadhut the interyemtiom dfdeibisebecause it

i nvol ves user interaction, and the user may not be able to answer the
guestion reliably. 20 Another alternative involves |ooking in the inmge
metadata. Fgf @X3QB} &impRstEXim, bR ARSmAMEGeliage afiltdr! 3gh dpef#d n wevERoO’
field. This providés a certain way of determ ning whether the flash was
fired, but soaightfdrwiarhwey. Bince rehreye featusest cameandyl gear in photagmpbs inswhisha | y

| ost when an i.mage i s edited. Scanned | es,cont ai - ey i d |
not have apﬁ?ﬁlp?’?sa‘fsgah%cf ?&éﬁy&reacll%gl?% nF%J%api&%?tl fflgong%lgﬂ%’e{sﬁ%g&of{ Oﬁéggﬁf\ﬁrg ni ng
i f the flash fwaiswhi 0o, oMTithdie ii§ar?ﬂﬁiuﬁpisi tatvehethdr atflieh atag @kéd, ftneni the image
inplemented in the controlling software of a digital canera. The podul e

responsi bl eshawd bagearghedrfer fragires reserbling feddveatlbamoredriye fagjugey gre foynd,
detection/cgrrection d . fired. WO 03/026278
PCT/ GB02/ 03@15?' Mﬁc%ﬁc@h;ﬂh?snﬁargg&s %?‘8%@?%%%' be determ ned for certain
that theypflash was not fired, a nore detail ed exam nation nust be
perfornmed usi ng t he red-eye detection nodul e  _described below. 5 If no

§

red- eye feafyir #8omhm ptiBg da pradhise Mgypiores Al dagure r}db"?ﬁufshﬁ’lﬁ‘ 2 el IfSt 1%

modi fy the 4 ] ; | I P . :
corrected uglle{r%g%ﬁe re }[g[{?énia%%é(?gg??{%ﬁﬁﬁg%g?g%ﬁst% {lﬁsggﬁf)%'l gﬁvﬂ.ﬂls cgl(ﬁa}e
red-eye cor cathbé amsweneliNo’ vdth 10006 estaiaty ethe hlgosthneyan feeminategif thiv8ashi war i t hm

10 ends. The output fromthe algorithmi n e where al et.ect
occurr ences gt Hpeggﬂ)@?@age cannot co(‘:]ntalln re -egles. gimplly owing that the hasqm (513 Aot gre

15  allows a large proportion of images to be filtered with very little processing effort.

There are a number of possible ways of determining whether the flash was fired. One
method involves asking the user, although this is not ideal because it involves user
interaction, and the user may not be able to answer the question reliably.
20

Another alternative involves looking in the image metadata. For example, an EXIF
format JPEG has a ‘flash fired — yes/no’ field. This provides a certain way of
determining whether the flash was fired, but not all images have the correct metadata.
Metadata is usually lost when an image is edited. Scanned images containing red-eye

25  will not have appropriate metadata.

There is an additional method of determining if the flash was fired, which is appropriate
if the algorithm is implemented in the controlling software of a digital camera. The
module responsible for taking the picture could indicate to the red-eye

30 detection/correction module that the flash was fired.



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

i mge which |ooks substantially the sanme as the input imge. It may be

t hat t he wiogoned2hsn det ected 15 and "corrected' features ordrieBazmegpe whi ch
resenbl e red-eye closely, but it is quite possible that the user will not
noti ce these erroneous "corrections'. Fhe red-eye detection nodule will now
be described. 20 Figure 2 is a schematic diagram show ng a typical red-eye

feature 1. E&%@\%a@ﬁ Wt € fcanﬁolf'gg g@%}rﬂfn%d Fod éerﬁgy\mc ﬁaeoﬁasﬂ‘:x]ﬁ' slnbt Whdd, &

"hlghllght I'S surroun areg orresponding to the
subj ect's pofd detalléd ehanmagem egusdiber ﬁ@i‘f(ﬂ‘md tdmgs thiee gedoeye3 detectich modnleal | y
be bl ack, but in a red-eye feature this region 3 takes on a reddi sh hue.
This can ?%ﬁ@‘éﬂdft?eé?ﬁ’a dull glowto a bright red. Surrounding the pupil
region 3 is theiris 4, 25 sone or all of which may appear to take on sone
of the red gl ow fromthe pupi | region 3. The detection al gorithm nust

| ocat e § helfaentd-eyefeagmetare deftcetyé, the algorithnanah erewishow meedifg ta medifi thear ea

around it. 30 The red-eye detection algorithm begins b ear c

regi ons i nmP%’@ ﬁﬂﬂﬁ%ermﬂ%%eyec‘gﬁquﬁesﬁ‘?# ’o"??ﬁg]msﬁ{’egﬁ‘?rf%ﬁe[% usglglo}}l ?eeddeyeeye
features. cltlgﬁ%dhﬁjeggﬁgedtb@wfor med so that the pixels are

r epr esent ed saturation and |ightness values. Mst of the WO

03/ 026278 PCT/ GBOZ/ 03527 8 pixels in the highlight 2 of a red-eye feature
1 have a ver gh,saturation, and Lt is un r S
sat ur at ed g’rng%%? d-egf CPERTUoN %?@‘ﬂﬁb@%?rogf’%e? Ei&/redﬁstfngu g%ealéﬂjllgﬁ'l i ght's

2 W Il pavepdy gh Iightness values. It is also inportant to note that not
only wll the saturation and |ightness values be high, but also they wll
be significantly higher 5 than the regions 3, 4, 5 imedi ately surroundi ng

e e Sl BB Jhhal b e R Bl R akE e

each row ohawi ¥@nScdrfectclielf fiedfagé eokthing rfooxfed eyepihe cuteAds ah itaghtwhidt ghl y
saturated pixels. During the scan, each pixel is conpared

1t
precedi ng heskgispbuantiatlyidhepares ag ghej ipgut lé"faE? Itppay Bg B¢ F}teh%%%t&%‘iaf’égct?cgr an
b t :
T L R,
"rising edgessiblOne i dskswilndt dgticdhsseemeous ‘corrections’.

The red-eye detection module will now be described.

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
can range from a dull glow to a bright red. Surrounding the pupil region 3 is the iris 4,

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

3.

The detection algorithm must locate the centre of each red-eye feature and the extent of

the red area around it.

30
The red-eye detection algorithm begins by searching for regions in the image which
could correspond to highlights 2 of red-eye features. The image is first transformed so

that the pixels are represented by hue, saturation and lightness values. Most of the



identified, that pixel and the follow ng pixels (assum ng they have a
simlarly high saturation and |ightness) are recorded, until an abrupt
drop in swDuwsaRé2e$ i s reached, 15 nmarking the other edge @cTi¢E2hoshl i ght .
This is known as a "falling edge". After a falling edge, the algorithm
returns to searching for a rising edge grarking the start of the next

hi ghlight. A typical algorithmmght be arranged so that a rising edge is
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15 marking the other edge of the highlight. This is known as a “falling edge”. After a
falling edge, the algorithm returns to searching for a rising edge marking the start of the

next highlight.

A typical algorithm might be arranged so that a rising edge 1s detected if:
20 1. The-pixel is highly saturated (saturation > 128).
2. The pixel is significantly more saturated than the previous one (this pixel’s
saturation — previous pixel’s saturation > 64).

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

25  The rising edge is located on the pixel being examined. A falling edge is detected if:
1. The pixel is significantly less saturated than the previous one (previous pixel’s
saturation — this pixel’s saturation > 64).
2. The previous pixel has a high lightness value (lightness > 128).

30 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,



15 looking for rising edge = true loop from2nd pixel to last pixel if

| ooking for rising edge if saturation of this pixel > 128 and.. ...this

pi xel ' s swbusaLé20® - previous pixel's saturation > 64 andPCI/GENQ/03527

... lightness of this pixel > 128 then rising edge = this pixel |ooking for
rising edge = false end if else 25 ify previous pixel's saturation-this

pi xel ds saftu.ratlofr:m> 64 and.. |ightness of previous pixel > 128 then

record pospf ' iS5l r I £4.QN WG i,0US
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10 If a highlight is successfully detected, the co-ordinates of the rising edge, falling edge

and the central pixel are recorded.

The algorithm is as follows:

for each row in the bitmap
15 looking for rising edge = true
loop from 2™ pixel to last pixel
if looking for rising edge
if saturation of this pixel > 128 and.
.this pixel’s saturation - previous pixel’s saturation > 64 and..
20 .lightness of this pixel > 128 then
rising edge = this pixel
looking for rising edge = false
end if
else
25 if previous pixel’s saturation-this pixel’s saturation > 64 and.
..lightnese of previous pixel > 128 then
record position of rising edge
record position of falling edge (previous pixel)
record position of centre pixel
30 locking for rising edge = true
end if
end if

if looking for rising edge = false and.
35 .rising edge was detected more than 10 pixels ago
looking for rising edge = true
end if

end loop
end for

40
The result of this algorithm on the red-eye feature 1 is shown in Figure 3. For this
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 3,
45 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.



WO 03/ 026278 PCT/ GB02/ 03527 10 The | ocation of all of these central pixels
are recorded into a list of highlights which may potentially be caused by
red-eye. Wbasfneamer of central pixels 8 in each highlight PCraGRob@ss2r educed
to one. As shown in Figure 3, there is a central pixel 8 for each row 5
covered by the highlight 2. This effectovely nmeans that the highlight has
been detected five tines, and will therefore need nore processing than is
really necessary. It is therefore desirable to elimnate fromthe list al
but the vertically central point fromthe |list of highlights. 10 Not al

of the hi glihé ddettion démtlidfitheselnentrilepiatlgerd taeondadonte amist ofnligldights whichbe

formed by red-eye features, Ohers uld he fornmed, fo xanpgl | i ght
refl ect ed T“PXIPPE?BP%%F eci}}s%%éesd'??fe' g@]e&\(@:er ﬁ‘éeﬁf&Plxgsaégelél egPh ﬁ@ﬁél?tocess
therefore atheP@ictPiebhdl RatsBowH Gh Figr@B] {Hehd 8,2 itdalBixel Bdoedhrre@uUCt i on
is not performed on features which are not actually red-eye features. 15

There a¥e eovemmbley thefhighlighe2i dhishéffestively nirang ghet thechiglhlight baybeeaddetestrdey e
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contral pi ReF SRR A Ol Beane G anore; pacessiig Mg S st R i i
essenti al | yheldfhRadesiribls bBEminhieeEem MRy lifaliftar drdvertialllyi ghtralrpeinteiin g of f
edges, for exanple, but will never be formed by red-eye. 20 This check for
| ong stringst afthiglilightss nmay be conbined with the reduction of central

pi xel s to one. An al gorithm which perforns both these operations

si mul taneously may search through highlights identifying "strings" or
"chai nst) oNNoeenbf ée Hiiaihss idbitifiddeby ths plgotithnahbave witlinebessarilg dkiformebddsy t he

| ength of the string of central_ pixels, 8 (see Fi qglre 3)%&5 ﬁ\3|f1§/| ded be¥ t he

| ar gest wi ddheysefeareas. (Qibersicopldectogned fanerample. Gyghiedt gefleptads remy gormers

hi ghl i ght, | [.egt h ' i [ bove
a predet ef %E%%éeq%eoﬁ e‘tcLS,' a]?hegrrl]&gﬁqgéﬁ J %Hﬁgﬁ gceégnﬁﬂaefgf%riexel Isntpgse tgfeglh?lg%g\fg%@f rom
the |ist ohighhights] sthbsred@ybeeductien snioy petfernwdrr fhtupgsweiiclofretriot agialishg i s
retained in the |ist of highlights. 30 In other words, the algorithm
perforns tvRs-g¥ssheatures.

15
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
highlights — i.e. highlights which are essentially linear in shape. These may be formed
by light reflecting off edges, for example, but will never be formed by red-eye.

20

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 highlights identifying “strings” or “chains” of central pixels. If the
aspect ratio, which is defined as the length of the string of central pixels 8 (see Figure 3)
25  divided by the largest width between the rising edge 6 and falling edge 7 of the
highlight, is greater than a predetermined number, and the string is above a
predetermined length, then all of the central pixels 8 are removed from the list of
highlights. Otherwise only the central pixel of the string is retained in the list of
highlights.
30
In other words, the algorithm performs two tasks:
e removes roughly vertical chains of highlights from the list of highlights, where the

aspect ratio of the chain is greater than a predefined value, and



renoves roughly vertical chains of highlights fromthe list of highlights,
where the aspect ratio of the chain is greater than a predefined val ue,
and WO 03w02887@7#CT/ GB02/ 03527 11 renoves all but the wertGBIalsse7centr al
hi ghlight fromroughly vertical chains of highlights where the aspect
ratio of the chain is less than or equal to a pre-defined value. 5 An

al gorithm whi ch perform; this conbination of tasks is given below for

each highlight i t he
chai n of hi r%rp“elgt 3 bu?%h g}ncgl& ?ﬁ%g@l%ﬁ%&g%y%g \;é?ﬁca?)%gfryrsent

hi ghl i ght’ amﬂghhlghﬁexﬁrhéitb@fd mb&t ratio bfitie dhiaiyhisilefsttharmak equahitale pre-defthieds’ =
the radius of this highlight | oop search the other highlights for one
where: y co- deBenate = 15 current hi ghlight's y co-ordinate + 1; and X
co-ordinate = current highlight's x co-ordinate (wth a tol erance of 1)
if an appropriate match is found make “current highlight' = the match 20
if the 5adiAnsalgmfritmhavh'rmpdmfo?m‘sﬂiisiemhbimaﬂibmsftaslmkegi\'m tedew:radi us' = the
radi us of ;he epnd if end if 25 until no match is found (at this
point, “cur ren‘-f ﬁﬁ hkctlbls ab1g |iOWeler dtn@hihh GRE dxBed:hé ehabmuinbggi nni ng
at " upper highl hglnulg,ht§e iMadyhi stsaGhd @n,thid obdle chain is linear, it will
be rempved; if it is roughly circular, aII but the 30 central hlghllght

will béorem)ved2:"’”‘1‘7’151k‘:é)‘rr ﬁeﬁlﬁhlﬁéli‘tgpi‘nd LupRYfy Fﬁﬁigﬁglgl%ﬁ@ﬁthlghvg% -ordinate -

ake ! 1de rad1 e radius of

top highlight's"y co- or di

loop
gearch the other highlights for one where: y co-ordinate
15 current highlight’s y co-ordinate + 1; and x co-ordinate

current highlight’s x co-ordinate (with a tolerance of #1)

if an appropriate match is found
20 make ‘current highlight’ = the match
if the radius of the match > ‘widest radius’
make ‘widest radius’ = the radius of the match
end if
end if
25 until no match is found

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

30 central highlight will be removed)

make ‘chain height’ = current highlight’s y co-ordinate - top
highlight’s y co-ordinate
make ‘'chain aspect ratio’ = ‘chain height’ / ‘widest radius’

35
if ‘chain height’ >= ‘minimum chain height’ and ‘chain aspect ratio’ >
‘minimum chain aspect ratio’
remove all highlights in the chain from the list of highlights
else
40 if ‘chain height’ > 1
remove all but the vertically central highlight in the
chain from the list of highlights
end if
end if
45 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.

50
Another criterion involves checking the hue of the pixels in the pupil region 3 around
the highlight. If the pixels in this region contain less than a certain proportion of red
then the feature cannot be red-eye. A suitable filter to apply to the pupil region 3 is that



nmeke “chain aspect ratio' = "chain height' / “widest radius' 35 if "chain
hei ght' >= “m ni mum chain height' and "chain aspect ratio" > ~mninmum
chai n aspwotosnai2re’ renove all highlights in the chain freerdémlossy of
highlights else 40 if “chain height' > 1 renove all but the vertically
central highlight in the chain fromtjpe list of highlights end if end if
45 end for A suitable threshold for “mninumchain height' is three and a
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pi xel s i n Bqied-aye gedstien iipsriormeden thhisal¢er t ai n proportion of red then
the feature cannot be red-eye. A suitable filter to apply to the pupil
region 3 is that WO 03/026278 PCT/ GB02/ 03527 12 unless the saturation is
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feature is known, sO that red-eye reduction can be perforned. A suitable
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the algorithmis a series of highlights, the output can be considered to
be a seri ebe afertasdfegdecyecdgatyrass.

The output may contain fewer red-eye regions than input highlights. In general, the
ratio of the radius of the pupil region 2 to the radius of the highlight region 3 will
15  always fall within a certain range. If the ratio falls outside this range then it is unlikely
that the feature being examined is due to red-eye. In the algorithm described, if the
radius of the pupil region 3 is more than eight times the radius of the highlight 2, the
feature is judged not to be a red-eye feature, so it is removed from the list of areas to
correct. This ratio has been determined by analysing a number of pictures, but it will be
20  appreciated that it may be possible to choose a different ratio to suit particular

circumstances.

The method of determining the radius of the red area errs towards larger radii (because
it only uses hue data, and does not take into account saturation or lightness) — in other
25  words, it calculates the area to be slightly larger than it actually is, meaning that it
should contain all red pixels, plus some peripheral non-red ones, as shown in Figure 4.
This is not a limitation as long as the method used for correcting the red-eye does not
attempt to adjust non-red pixels. The slightly excessive size is also useful in the
described embodiment, where no attempt is made to accurately determine the position
30 of the highlight within the red-eye region: the implementation of the embodiment

assumes it is central, whereas this may not always be the case.

A suitable algorithm is given below:



The out put may contain fewer red-eye regions than input highlights. In
general, the ratio of the radius of the pupil region 2 to the radius of

t he hi ghlwohB/oeegs on 3 will 15 always fall within a cert @Ca/GRngas271f the
ratio falls outside this range then it is unlikely that the feature being
examned is due to red-eye. In the algpyithmdescribed, if the radius of
the pupil region 3 is nore than eight tinmes the radius of the highlight 2,
the featurg isnjnidaednot to be a red-eye feature, so it is renoved from
the list of areesetwalwosveectadickhisorati o has been deternined by anal ysing
a nunber of pictures, but it will be 20 a recfl ated tha lth may be possible
(o chonge s di i ece Ay aort e S RN e mecod
of determ ning tﬁg@n{s i & red area errs towa I"ar ger radii
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pl us sone perlpheralt nQan- e ones, hown i n i gure 4. This is not a
limtation as |ong as themdxet h@dcums&d rfaﬁiusCOfallECﬂhb Rgstanee petreeyehdoes not
attenpt to adjust non-redegirkels. The slightly excessive size is also
useful ;in the descriafl‘jie(‘:lf enbodi ment, where no attenpt is made to accurately
determl%e the p&& £7%n 30 of the highlight within the red-eye region: the
i npl enent ati on of ‘theuenbodhdiRBtl > ASShHIESei fadl & 6£RbE aligniwhrer eas this may
not al ways be thg casenové\ t8id badhl mhal fgor |tb¢1m$tsog|hv§ﬂl@ébow V\D 03/ 026278
PCT/ GB /03527 18 for each hj ulated radius’ = 0 | oop
througagt he pi xel roﬁ% Ih tf’%éa}%g@teegfrragﬁst K€ "h Clh i ght "s"y f:eéi- ey§ ordi nate
- “radius sanpl e,defght’ to this highlight's y co- ordl nate + "radius
sanpl e hei gt to:scan the pixels leftwards and rightwards fromthe highlight
to find the points at which the hue is outside the range of reds 10 if
hal f the di stance between the two points > "cal cul ated radius' then make
cal cubat etk wadhaigpprévadtéd thaethid spatithen deeérmeirss théeadiwsoof the red-eye feature by

searching horizontally along rows of pixels centred on the highlight (which is defined as
the central pixel 8 in a vertical row, as described above). The skilled person would be
able to modify the algorithm to search radially from the highlight, or to determine the
shape and extent of the red area surrounding the highlight.

30
Once the radii of red-eye features have been determined, a search can be made for
overlapping features. If the red pupil region 3 overlaps with another red pupil region 3
around a highlight, then neither feature can be due to red-eye. Such features can
therefore be discarded.

35

An algorithm to perform this task proceeds in two stages. The first iterates through all
red-eye regions. For each red-eye region, a search is made until one other red-eye region
is found which overlaps it. If an overlap is found, both red-eye regions are marked for
deletion. It is not necessary to determine whether the red-eye region overlaps with more

40 than one other.

The second stage deletes all red-eye regions which have been marked for deletion.

Deletion must be separated from overlap detection because if red-eye regions were



points end if 15 end loop if “calculated radius' > 8 tinmes the radius of
the highlight renpove this highlight fromthe list of highlights else 20
record thwoaaloeazrét ed radi us; the highlight is now a red- @ga/Geeegszen end if
end for 25 It will be appreciated that this al gorithm determ nes the radius
of the red-eye feature by searching hegizontally along rows of pixels
centred on the highlight (which is defined as the central pixel 8 in a
vertical r d b

nmodi fy thegééill tegrs‘iisgﬁgncgé Bl%garc @?eam-qéﬁ)}éﬁzéﬂ%ﬁ) ltp&ﬁﬁ&@ El’éha ?v?gléet erm ne
t he shaperear@ee&glemwmbhhh@nbteﬂtBé@mesemterdoundl ng the h| ghlight. 30 Once
the radii of red-eye features have been determ ned, a search can be nade
for overlapping features. If the red pupil region 3 overlaps wth another
red pupil r hi ghlight, then neither feature can be due to
red- eye. ﬁ%b@@n r%saggggovgst herefore be discarded. 35 An algorithmto
perfornﬁthlf%r F%{%lkrﬁﬁr@@eﬁsoq n tvvo sta f The fi rs}ouné erates through all

red-eye regi onsiijf6§ tg"ﬁ(‘:’@\,a: g&ﬁoﬁ ‘mt el

ates, 19
e G oy mhoq@éq % $ i one’ ot her
red-eye regl on o1 overlaps It. an overlap is found, both

red-eye regions are marked for deletion. It |s not necessary to det erm ne
whet hetOt he redikye qve@aenﬂaev@w‘h ps with nore 40 than one other. The
second stage del ef es | PYtB ARGy r g Bl st hhT¢ R *RAve been narked for

del eti on. e;gelfgfl on nust be separated fromoverlap detection because if
red-eye regions were WO 03/026278 PCT/ GB02/ 03527 14 deleted as soon as
they wébe detrermrompdaXlorairerd apiosst coul d clear overlaps with other

if this region is marked for deletion
delete it
end if
end if

20
Two red-eye regions are judged to overlap if the sum of their radii is greater than the

distance between their centres.

An altemative way of achieving the same effect as the algorithm above is to create a
25  new list of red-eye features containing only those regions which do not overlap. The

original list of red eye features can then be discarded and the new one used in its place.
The overall detection process is shown as a flow chart in Figure 5.

30 Red-eye reduction is then carried out on the detected red-eye features. There are a
number of known methods for performing this, and a suitable process is now described.
The process described is a very basic method of correcting red-eye, and the skilled
person will recognise that there is scope for refinement to achieve better results,
particularly with regard to softening the edges of the corrected area and more accurately

35  determining the extent of the red-eye region.

There are two parts to the red-eye correction module: the controlling loop and the red-
eye corrector itself. The controlling loop simply iterates through the list of red-eye
regions generated by the red-eye detection module, passing each one to the red-eye

40  corrector:

for each red-eye region



red- eye regions which had not yet been detected. The algorithmis as
follows: 5 for each red-eye region search the other red-eye regions until
one i s fowod3mkizehr overlaps this one, or all red-eye regiPchgGHIAWE2Deen
searched without finding an overlap 10 if an overlap was found mark both
red-eye regions for deletion end if epsl for 15 loop through all red-eye
regions if this region is marked for deletion delete it end if end if 20
Two red-eye regioRscat&-kpdaednio-Quetlap if the sumof their radii is
greater tham thre distance between their centres. An alternative way of
achieving the same effect as the algorithmabove is to create a 25 new
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results, partiemdarly with regard to softening the edges of the corrected
area and mere fexcur at el y 35 determning the extent of the red-eye region.
There dbe two parts to the red-eye correction nodule: the controlling | oop

and the ¥ egr S¥% G fRkbhe! 3%y sJQgh&%&gﬁ 4R, daBRRifH AR et FeRh S

t hrough th eye reql e red-eye detection
nmodul e, passtidiftaRards Dehséquendte red-eye

1. If the pixel is of medium or high saturation , and if the hue of the pixel is within
20 the range of reds, the pixel is de-saturated entirely. In other words, saturation is
set to “0” which causes red pixels to become grey.

2. Furthermore, if the pixel is dark or of medium lightness, turn it black. In most
cases, this actually cancels out the adjustment made as a result of the first check:
most pixels in the red-eye region will be turned black. Those pixels which are

25 not turned black are the ones in and around the highlight. These will have had
any redness removed from them, so the result is an eye with a dark black pupil

and a bright white highlight.

A feature of the correction method is that its effects are not cumulative: after correction
30 is applied to an area, subsequent corrections to the same area will have no effect. This
would be a desirable feature if the red-eye detection module yielded a list of potentially
overlapping red-eye regions (for example, if the multiple highlight detections were not
eliminated). However, because overlapping red-eye regions are specifically removed,
the non-cumulative nature of the correction module is not important to the current

35 implementation.

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

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



40 corrector: for each red-eye region WO 03/026278 PCT/ GB02/ 03527 15
correct red-eye in this region end for The algorithmfor the red-eye
correct orwp3zage2fol | ows: 5 for each pixel within the circlPeT@BRO332ng t he
red-eye region if the saturation of this pixel >= 80 and... the hue of
this pixel >= 220 or <= 10 then set the saturation of this pixel to 0 10
![f Bhe Iijghilneszwoe}c this pixel < 200 then set the lightness of this pixel
0 enad fehtuediGuhen r ftienl B0a
straightforward che akﬁ’rﬂﬁo% hvljsﬁ%{&a g??gfrgﬁﬁﬂo‘?j&g@gw‘ggtﬂ%ln ta gﬁd/gfstera
consequencthe picturefis démenlpaded| frars thef camethd tora eymmiteggh saturation , and if the
hue of the pixel is within 20 the range of reds, the pixel is de-saturated
entirely. In other words, saturation is set to "0" which causes red pixels
to becone gh&ihetidd aEéﬁrHﬁ%rtBQﬁ@mvéﬁtldnf}ﬂoﬂdgﬁi nisibéladfladintOfes Mechvoifiks on a

| i ghtness, turn it black.” In nost cases, this actually cancel s.out the

adj ust nfent Whahemge,@lthe@ghltt“al‘lbpmplfema@d tbﬁ@cﬂéer capdd selpgtpartofiap AL 10ed- eye

region wl r ned I t ck are
he ones. 1 WhRdedSEAeeREN it ShPF anphetnidi Bty S ogiag oo EAIGE flaBC
removed fr gRistwARiid c@QiowWmeor B lpl*dce.kﬁn@ﬁqﬁyai. VIif vl dlimidge it prokessedinb usand a
bright white highlight. A feature of the correctiqn nethod is that i

ef L ects ar Enpllibts reawirecht Fudhermpres thecpethed doghnotarped o é’ﬁrﬂeffg%ﬂ)f BCCHFLS ié
subsequent [re aﬂ&uﬁf | d be
a desi rablé atr%?%c?i{&ﬁ % 5&%0&1 eye det elcg\ti)ﬁ gﬂlt mﬁg?%ayﬁl%’feﬁfege%ge 1Tligl gr%hléé’ﬁﬂ

pot ent i@l | Yhat a user would notice the difference.

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
images and other formats where colour is encoded at a low resolution.
15
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
20  according to the invention may be used to correct for this effect. Indeed, the search for
a light, saturated region 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 been described for red-eye features in which the highlight
25  region is located exactly in the centre of the red pupil region. However the method will
still work for red-eye features whose highlight region is off-centre, or even at the edge

of the red region.

Some red-eye features do not have a discrete highlight region, but in these features the
30  whole of the red pupil region has high saturation and lightness values. In such cases the
red-eye feature and the highlight region will be the same size, and there may not be any
further red part outside the highlight region. In other words, the highlight region 2 and

red pupil region 3 will occupy the same area. However, the method described above



over | appi ng red-eye regions (for exanple, if the multiple highlight
detections were not elimnated). However, because overl apping red-eye
regi ons aweogparsically renoved, the non-cunul ative nat @C&/GH205R27
correction nodule is not inportant to the current 35 inplenentation. It

wi |l be appreciated that the detecti ommodul e and correction nodul e can be
i npl emented separately. For exanple, the detection nodul e could be placed

inadigit i.m pr t - : ; ide a
st of o nal SfERER Bin el 3 R01RE, S SRR B B IES oS AR e
a phot ogr apdvingsthe alirie. radibe ac ¢rer lighlight. rSmdhilfeataros ndll ttherefobe stdppe idetgctafit er

the picture is_downl oaded fromthe canera to a conputer. The net hod

accor di ng ¥9n§ the metRed-Accoidns 8 R DY nher of advantages. It works on a
5 whol e image, although it will be appreciated that a user coul d sel ect
part of an image to which red-eye reduction is to be applied, for exanple
just a region containing faces. This would cut down on the processing
required. If a whole inage is processed, no user input is required.
Furthernore, the nmethod does not need to be perfectly accurate. If red-eye
reduction is perfornmed around a highlight not caused by red-eye, it is
unlikely 10 that a user would notice the difference. Since the red-eye
detection algorithmsearches for light, highly saturated points before
searching for areas of red, the nethod works particularly well wth

JPEG conpressed inmges and other formats where colour is encoded at a | ow
resolution. 15 It will be appreciated that variations fromthe above

descri bed enbodinents may still fall within the scope of the invention.

For exanple, the method has been described with reference to people's
eyes, for which the reflection fromthe retina |leads to a red region. For
sone animals, "red-eye" can lead to green or yellow reflections. The nethod
20 according to the invention may be used to correct for this effect.

I ndeed, the search for a light, saturated region rather than a region of a
particul ar hue nmakes the nethod of the invention particularly suitable for
detecting non-red animal "red-eye". Furthernore, the nethod has been
described for red-eye features in which the highlight 25 region is |ocated
exactly in the centre of the red pupil region. However the nethod wl |



still work for red-eye features whose highlight region is off-centre, or
even at the edge of the red region. Sone red-eye features do not have a
di scret e Woghloe@@lt regi on, but in these features the 30 woolGBoRO32he red
pupi |l region has high saturation and |ightness values. In such cases the
red-eye feature and the highlight regipn will be the sanme size, and there
may not be any further red part outside the highlight region. In other
wor ds, the ﬂAngnght region 2 and red pupil region 3 will occupy the sane
area. However e nmet hod descri bed above WO 03/026278 PCT/ GB02/ 03527 17
will still detect such regions as "highlights”, with each red region 3
being identified as. having the sane_radius as.the highlight. Such features
will therekore étm?thOdo‘éfRi@?“éélpéédl%}Eall HBREeH eSS according to the
invention. WD O /

processing a di g. éﬁugg{ éé"?iﬁ‘g‘“ nt| fy%ﬁé"eﬂﬁ Sﬁh{%%lwgg%%%}\og of

t he i mage dﬁﬁM@rrlgghmexsaVaﬂuwthmpmglbemtheabgmmuhmaroﬁnénd/ or lightness val ues

t han pixels in the.regions er ear ound de t| ures_
associ ated wit h‘@%ﬁﬁé‘“%rre‘é‘lep’e ey %fs?ﬁlﬂﬁ‘? tS° gHQ?SmgM&ﬁ 5B g
red-eye regpction on some or all of the red-eye features 10 2. A nmethod as
claimed in claiml, wherein a single reference pixel in each highlight
region is sel ecpetbrasng tvé- ayemedugtiopon seme pr alhofibs oed-eecigatueas- eye feature,
and red- eye reduction for that red-eye feature is centred on the reference
pixel. 3. Anethod as clainmed in claim1 or 2, wherein a highlight region

i's onl 1/? 15 ident pfetiRd ad cIali}ﬁécPm%lﬁmsmamefehﬁfagﬁngle RfetelcesSpikelr & eath
and/or |ightness between the highlight region and the regions adjacent

thereto. 4h1ghhglntrhg1dn meetqcsndm@dhq epniabpaintiof ap assocpted g taye feadiptldsry
6‘| I m natl ng}_’ﬁ;& fi]& 186%%-81. %O{T%d %a I'IgIl&&n’h’%@%gh}?&’@?&&cgﬁ)lﬁ?sSI bl i tl es fOI’

red-eye re al ne n-any precedi ng claim
wherein the red-eye reduction on a

3. A method as claimed in claim 1 or 2, wherein a highlight region is only
15  identified if there is a sharp change in pixel saturation and/or lightness between the
highlight region and the regions adjacent thereto.

4. A method as claimed in claim 1, 2 or 3, further comprising eliminating at least

some of the highlight regions as possibilities for red-eye reduction.

20
5. A method as claimed in any preceding claim, wherein the red-eye reduction on a
red-eye feature is not carried out if the highlight region associated with that red-eye
feature exceeds a predetermined maximum diameter.

25 6. A method as claimed in any preceding claim, further comprising determining

whether each highlight region is substantially linear, and not associating a red-eye

feature with a highlight region if that highlight region is substantially linear.

7. A method as claimed in any preceding claim, wherein red-eye reduction is not

30 carried out centred on any red-eye features which overlap each other.

8. A method as claimed in any preceding claim, further comprising identifying the

hue of pixels in the region surrounding the highlight region for each red-eye feature, and



red-eye feature is not carried out if the highlight region associated with
that red-eye feature exceeds a predeterm ned maxi nrum di aneter. 25 6. A

nmet hod aswolaioe@ds i n any preceding claim further conpri siprag/GResszni ng
whet her each highlight region is substantially linear, and not associating
a red-eye feature with a highlight reggon if that highlight region is
substantially linear. 7. A nethod as clained in any preceding claim
wherein re uctjon | - ied: out: egr gve
Foat ur os. W RebEHE segur Sefiftion IE (REDDICR irdHd SERLE HnRlh Bt e B ng
claim furpbésteratngl propargon dénddi f yi ng the hue of pixels in the region
surroundi ng the highlight region for each red-eye feature, and WO 03/ 026278
PCT/ GB02/ 03527 19 only performng red-eye reduction if the pixels in said
regron congain %&h?@%@ cBim&d GHEhLER'E, @tﬁ%e?rc@ﬁﬁﬁﬁihgmﬁ%nhﬁﬂg ti rafiurithod as

clainmed in clai urther conprising determning the radius of 5 the
red- eye r ety oed-ayeaepdneamindteagh highhightrregipnsthe rddecyeadgion dayiagipvtelhaith ag
pixels with a hue contajning. nore than,.said predeterm ned proportion of
red. 10. @Wﬁ%‘lﬁ%n&r%ﬂ‘ﬁ’éagflﬁr e&%“ﬁ’f‘?flp\m?eopg?%gﬁg@- eye reduction is only
performed on a red-eye feature if the ratio of radius of the red-eye
region to the radius of the highlight 10 region falls within a

predet er mi hed r Angethod as/clbimesd. in thaim &, wseteiuregsye redugten isPravperiraRd ing

claim wherein t di gi.t,al_j.mage . s erived f t hod

further cofpidr ?ieﬁgatﬂﬁqéh’rﬁrﬁél%ﬁgm&shog e Tegg ﬁég? c\gAﬁafs%,) @??gecggmﬁgne P%gﬁgﬁe

phot og{@phrdpash ﬁg@(@ﬂmﬂadﬁgwénﬁiﬂwﬁathbm@1msghl ight regions or 15

perform ng red-eye reduction if no flash was fired. 12. A nethod as cl ai ned
in any preceding claim further conprising determ ning whether the digital
i mage is ochr.one nd n I [ARAY! okl gh ' 3 m ng
red-eye rgg cti énlqefho'?heés 8@8}1%(gﬁrpiabrggﬂég%gmﬁoﬂggﬁ’r%%é@gizg{bi%%&%\l lr;r}g% eggs as

cl ai med i ndgdiaidtrdm adhotogdaphiiier mithod furdstr eprpfisiag deermmings wbethert & flashwi t h
each highlight region identified, and red-eye re uc%Lon Ls,carried out on
al | red- eywas ffued ovhen. the phoipgraphy s sakess aﬁ‘gtnébf R W%%I-hégj@‘ bLIIEs% n a

digit allS i napgr?Onflr?gpcarcli-eS}jquduction if no flash was fired.

12. A method as claimed in any preceding claim, further comprising determining
whether the digital image is monochrome, and not identifying highlight regions or
performing red-eye reduction if the digital image is monochrome.

20
13. A method as claimed in claim 1, 2 or 3, wherein a red-eye feature is associated

with each highlight region identified, and red-eye reduction is carried out on all red-eye

features.

25 14. A method of detecting red-eye features in a digital image, comprising:
identifying highlight regions comprising pixels having higher saturation and/or
lightness values than pixels in the regions therearound; and
determining whether each highlight region corresponds to a red-eye feature on
the basis of applying further selection criteria.
30

15. A method as claimed in claim 14, wherein the further selection criteria include

testing the hue of pixels surrounding the highlight region, and determining that the



identifying highlight regions conprising pixels having higher saturation
and/or |ightness values than pixels in the regions therearound; and

det er m ni w@ ostoed2lier each hi ghlight region corresponds to @cmacBoeyss2feat ure
on the basis of applying further selection criteria. 30 15. A nmethod as
clainmed in claim214, wherein the furthgy selection criteria include
testing the hue of pixels surrounding the highlight region, and determ ning
t hat the ,026278 PCT/ GB02/ 0 o2 ' [ i :
COrrespo n\c/i}gtggg%hqrrgalp 8y(£°efs erg%ucroér e?‘?&g atlodghl{%ggpés t%%%’%elr ggéag&l 1%?? ec?g%l%? ned
range corrgepasshing fa8gé estrespbndifg fefedod as claimed in claim14 or 15,
wherein said further selection criteria 5 include identifying the shape of
the highlight region, and determ ning that the highlight region does not
correspond,t 0 a,r f a5 al [ iidh | cYiteria
circul ar. 1%’7. ﬁIr%reg?ﬁ%gsc():?a%g%gr(l:Ffrﬁlbrﬁ?ﬁgor\s/{%%e@?ggigtﬁg?%gég%dgsg%eatur es
in a digitalklideagatifyisg trr shapaof th Gightighttegivg, med detyenihbwt thatethe hightightt he
met hod of claim 14, 15 or 16, and, chapgi ng..the hue .of pixel s .around, each
hi ghl i ght Fegifingipes 8ot cogRseRendra arf%%reyec%g‘ﬁ%%kf S?J‘ﬁ SF%‘B nﬁfﬁ’éﬁé%‘“% RV t al
i mge to which the nethod of any precedi ng claimhas been applied. 15 19.
Apparatus arranged to performthe nmethod of any of clains 1 to 17. 20. A
conmput er st®r agd nethodmfhadicmg tteoviewhl tefffierteoired-ayenfoeitess ipraogigah Eagsnged
to performthe nethod of any of clainms 1 to 17. 20 21. A nethod as herein
descri bed fPTRAI¥BEerence to the acconpanying draw ngs.

10 detecting red-eye features using the method of claim 14, 15 or 16, and
‘changing the hue of pixels around each highlight region to reduce the red

content of those pixels.

18. A digital image to which the method of any preceding claim has been applied.

15
19.  Apparatus arranged to perform the method of any of claims 1 to 17.
20. A computer storage medium having stored thereon a computer program arranged
to perform the method of any of claims 1 to 17.

20

21. A method as herein described with reference to the accompanying drawings.



