WO 03/ 026278 1 PCT/ GB02/ 03527 | MAGE PROCESSI NG TO REMOVE RED- EYE FEATURES
This invention relates to the detection and reduction of red-eye in digital
i mages. The phenomenon of red-eye in photographs is well-known. Wen a ‘
flash is used to illumnate a person (or aninmal), the light is often
reflected directly fromthe subject's retina back into the canera. This
causes the subj ¥@t%3826&Fes t 0 appear red when the phot ogr aphP§EGE28}RAyed
or printed. 10 Photographs are increasingly stored as digital inmages, :
typically as arrays of pixels, where each pixel is normally represented by
a 24-bit value. The col our of each pixel nay be encoded within the 24-bit
val ue as three 8-bit va%&%ﬂ@@éﬁﬁﬁ&qR@MQIYE@Q‘@YEtﬁEf*%@E%reen and
blue for that pixel. Alternatively, the array of pixels can be transforned
so that the 24-bit value consists of three 8-bit val ues representing "hue",
15 "saturation" akkds inyvengpr relatesto thedategiianandieedudiion of ed-gyeip diglabimagdef i ni ng
the colour, so that O represents red, with the col our passing through
green and blue as the value -increases, back to red at 255. Saturation
provi des a measurBheqthendmenpmpé rediery i phetpgraphe d well-kiatent Whpred figsh sheethie.

Li ght ness can be . S S k| il I an. .1:20, By
mani pul ati on of tlﬁgggxa%?ﬁ {%F%I nagegj’it%lglﬁ%tﬁlg%g%ﬂbﬁec%e‘g dfg%ﬂgggé 1:!(1%% Sg?]f% gcst S
of red-eye. Sof trkinecbagkiinh theedmsras Thisi csuseadic subjecitsl ¢yek trompearand wheméreal |y .
works by alterin E -eye feature so that their red
content is reducg%l%@%faﬁﬂ%ﬁégfay%?%gﬁ%g'that their hue is rendered | ess
red. Normally they are left as black or dark grey instead. 25 Most red-eye

reducti on sof r i ] ent” | radit r.ed-: re
whioh i ot o i el 82 SHEGRY 6:@ GAC thell, GBIy BRSO FRL,
information is fowhae casheixel & mehdit repiveentsd yragd4-f yedie. oFheesalohr plegiclepiarel
feature and indic j - f Jhi . .
performed for eacﬁafg%%ﬁée%sbelg?%@g ,ﬂ%%d‘;aﬁ%eas %%‘lt %B]ll-g%llﬁeosﬁ&%sgéﬁlgr e# otr%gSlWas
no effect on the ofest, gfecn hedibhegéor thetwpinel , Adthingtivelyyiha egay ohpixdierabl e
nput from the UG ath It b gloh bl chid BARID'S s\l SERSBEE R, Of
each red-eye featUre, and To select the cofrect radius. ANOERST COMIDN
met hod- i s f or 1§ he“sasetion’pand “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 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. Nommally they are left as black or dark grey instead.
25

Most réd—cye reduction software requires the centre and radius of each red-eye feature
v?hich is to be ménipulated, 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, aund 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 2 PCT/ GB02/ 03527 draw a box around the red area. This is
rectangular, making- it even nore difficult to accurately mark the feature.
There is therefore a need to identify automatically areas of a digital

i mage to which red- 5 eye reduction should be applied, so that red-eye
reduction can be applied only where it is needed, either w thout the
intervention of Whes/3ed® or with mninmal user intervention. TPhecpirssnt

i nvention recognises that a typical red-eye feature is not sinply a region
of red pixels. Atypical red-eye feature u8ually also includes a bright
spot caused by 10 reflection of the flashlight fromthe front of the eye.
These bri ght spot éaarebknowmdabe redhirghThight sttanglarhingditg gk moretdifficulrege

can be located then red-e much easier to identify automatically.
H ghlights are usﬁoé:}nia%%f%%rgtﬁggé%ggr the centre of red-eye features,

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

accordance wth a first. aspect of the.present. invention.there is pr.qviged a

met hod of procesSiRy 4P4T etadllee‘{tf’ﬁgeﬁgg’ 3???81& Iy SEFes Yrashgitel Tpee fodbhie ]i’ea‘l ng -

hi ghli ght regi ®nsefredifdtion siogid toapilRg, $0itha kal-e rétubicates bs afplie@bilpWhend/ or

| i ght ness val ues than, pi xels .in the regions therearound, .identifylng.

red-eye features ﬁgﬁaﬂﬁﬁWW%dﬂ@“%?n%qf&ﬁusegéfﬁnﬂfn&ﬂ“? e RiEYFERE: 20

and perform ng red-eye reduction on sone or all of the red-eye features.

Thi s has t-he advapi age that the saturation/l.i %h%essf contrast. between

hi ghl i ght regi ons *P&EsPHEveRtianTeegaisey e MYPiEHEH 778 SRl kIS HSE SRk aceg o ffn

the colour (or "hpa"gixd@niy fpical2ld bt Merrt hAhelly s RRhle0d baghtagloasdient ur e
Furt hermopre, colour_ is encoded at a | ow

and the skin tones surroundi it.

resol ution fof nawe?q?&ég ‘@o&?%’?l@%ff% Theofons o8 thesye h Thpse Brghtspass arg &pewp as
saturation and |i gipnRe6e”.t T Hiakge! intRIMBYEeEani He 15catel R rddesSs ik kRLY easteh @)
they will be mssed than if hue is_used as the baisic detection tool. 30 It

is convenient if HSERYrBprRficallye oBighlishts are, gensily logdfed neay Ereetafie ©f goi-hye

associ ated W th FdaturdsOalBadhl s6mbthees!iRg Ak lobieite, bitPoct RRdnAWot iRAHEH € t 0 be
stored in alist. Asingle reference pixel in each highlight region may

therefore be selected as the central. point WO 03/026278 PCT/ GB02/ 03527 3
15  In accordance with a first aspect of the present invention there is provided a method of

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 saturationflightness conftrast between highlight regions
and the area swrounding them is much more marked than the colour (or “hue”) contrast
25 between the red part of a red-eye feature and t_ﬁe skin tones swrounding it.
Furthermore, colour is encoded at a low resolution for many image compression formats
such as JPEG. By using saturation and lightness to detéct 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 |l as having high saturation and/or |ightness val ues, the highlight of
a typical red- 5 eye feature is very sharply defined. Accordingly a

hi ghl ight regio erably only identified if there is a sharp change
in pixel satura?ﬁgﬁlgﬁgior | i ght ness between the highlight FelFBHaRE the
regi ons adj acent thereto. Al though many of the identified highlight regions
may result fromred-eye, it. is likely 10 that sone hi ghl i ght regions wll

be identified which are not part of red- e¥1ﬁ1{; eatures, and around which a
red-eye reducti orfmsthstﬁdoeyaé%aﬁﬁ%a%ﬁaew%a’lth highlight desione sk e eed-qye aedaption v

conpri ses el i M NgiitAg @ cye@sire SRHTRA 6 the RZerBic@Blepht T egions as
possibilities for red-eye reduction. Indeed, it is possible that none of
the highlight regions identified are caused by red-eye, and therefore

shoul d not have rgde&ys Hhaak wgﬁeaﬁeﬁepmk@ﬁgm&?vﬁéest Eﬁ@ eghi]@]ft bt @F&a%cﬁxt

it will be apprematedthat t rase "identifying red- eat
sone or all of° s&velfaatugmisivgm sh@@gw Sadiped. | écqorﬁl@médnahbghtneglme préferably only

possi bility that 1&Hﬂt1ﬁécﬁﬁ“tﬁéf€ if 83kt Rk S gﬁépeuﬂam kol hﬁﬁﬁfes?fbe £ the
highlight regions. Simlarly, it is possible that filters appli

red-eye features hé%@%ﬁﬁ?ﬁ#@@ﬁéﬁ“ﬁﬁﬁ@“éfacﬁﬁ@ﬁm eye features origi naI |y
identified should have red-eye reduction applied to them and 20
accordingly the phrase "perform ng red- ﬁe reduction on some or all of the

red-eye feat ur esAlthopgh menssofitheidgeisiadhighiiglhi regiens may Iewcﬁcelyeedfeeatmxsé&e]are ,
rejected as pﬂﬁs'tﬂt drhd eghheghp{e oﬁse%-lﬁyeqd%lﬁﬂw&h&?aéeao AT ke RIRESE, 4 2
t &t e

maxi num¥si ze that a red ture can assum ng that a

entire face has lﬁeelndpmdbgr@éﬁw redprameshonld, nqir lef eprdiod.y , Thef methhd gheréfgiet -
regi on exceeds a or A, he

associated with tpﬁéﬁgﬁp il gel?%fgﬁ: 0 tg%gtn;ﬁ%l%r e g[ﬂlrgﬁ %ﬁéltolg%%s%ogm%gﬁsl ed
out. Red-eye featfaﬁreé-emrédlg?@n@rhlﬂb%d ém%bi@ﬂmmqneef the bighlight Tegéome fdontified
linear highlight aiff@atuh@ge@ergég Pk éaeef&.@@ﬁ{uiﬂ o} v PRaQYE ehhrds Gk EEa wART

therefore preferab e e reduction 1s eat
associ ated wi th ahm ol thig laentexs gfi vl blefapnrm@ttcdrihghm pfmase f‘dgmlfmng sed-eye features

substantially Ii r{ﬁﬁ{sog : OB 6P 28 gh]%éf%( f?qg{nge%ﬁggtoRE cﬁ%ﬁe écﬁgi’ﬁﬁw&ﬂm

preferably not carried out on anyr atures whi ¢
red-eye features are associated with any of the highlight regxons Sumlarly, it is

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 piactice, 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 predetermmed maximmm diameter no red-eye feature is assoc1ated 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 preferebiy 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 determined, it is
convenient to identify the hue of 5 pixels in the region surrounding each
hi ghl i ght region, and only performred-eye reduction for a red-eye feature
associated with a highlight region if the hue of the pixels surrounding:

t hat hi ghlight region contains nore than a predeterm ned proportion of red.
The radi us of tk®wed:2eye feature can then be determ ned fromcthis/msegi on
of red pixels surrounding the highlight region. Red-eye reduction is
preferably only perforned on a 10 red-eye f¢ature if the ratio of radius of
the red-eye region to the radius of the highlight region falls within a
predet er m ned rarg@-«t radattitesis phe@éralily hytatil ohech eyiercli-epd thatires Wich dvadipls
of the red-eye re Hg@jmnll be up to 8 times the radius of the highlight

regi on. Preferabl @?unlng that the digital inmage is derived froma
photograph, it is 15 determ ned whether a flash was fired when the

phot ograph was taken, and highlight regions are riot identified or red-eye

reducti on perf or neFeithe Mghlightregiogphave P‘?Béd‘eteT”t‘m?ds itdy eqnuement i Wentdy the fagof

whet her the digitakeld FRaAR fegloﬁ%%ﬁmrgeeacanﬂghugﬁt ?e@mn Bh @ Rhiyohtrfol8 G Bge are
not identified or red%%() reducti on perf orpned. In sone cases, for
58

exanpl e in portradFfuch FeloRyy feafiie assaciatedifh mgbédahhwmaﬁééhltewéﬁhe pirels
highlights will bgroGRiuEe Qat@i%hﬁgﬂ"r@ﬁﬁm cohﬁlnw/aiosélh&%ﬁre@etérﬁrﬁheasﬁopw@ﬁ UfRghay

be associated with each hi region identifi and red-éye reductl on
may be carried othe fé‘il‘lusa‘l’ﬂth?@é ea??awgaqm%beﬁstemm%%wﬁaﬁwow# red pixels

second aspect of &he.DERSEOKiAKPRE AN Ré&%@rédﬁctﬁh@é’ﬁr@ﬁ&bﬁ; dﬁgtﬁ'é%rméafon a

detecting red-eye features in a d| gi tal inmage, npri sing ntifying
hi ghl i'ght r egl®nsreégyplepierhgiratia %f 1PN ‘?rféhﬁﬂif’@ﬁl‘ﬁ rcg’éﬂ@ﬁﬁ’ﬁf%ﬂﬁusa{ﬁ(ﬂhﬂrlghhght -
| i ghtness val ues IteEi@:ﬂ s %8 inth é&eﬁ&énﬁ%ﬁ'r%% o&”bﬁﬁ%arf%%‘i’ypx@a'ﬂ%d»’ege %&Eé i ng

whet her each highlTght regi on corresponds to a red-eye feature on

basi s of applyi ngradigs t’ﬂ’t@?l‘eééy%@gioéﬁ’ﬂgb?%IéPlgémW@eG@‘GPéW@h@@T?@OZI 03527
The further sel ectl on criteria preferably include testing the hue of p| xel s
surroundi ng the f%éﬂbl ght region, and determ ni ng that the highli .

regi on does not o regsuming, ﬂpaéd;he digital image is derived from a pholograph, 1t is

15 determmed whether 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 poftrait 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—eyé features in a digital image, cbmprising: -

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 nclude identifying the shape of the highlight region, and determ ning
that the highlight region, does not correspond to a red-eye feature if said
shape. is not substantially circular. In accordance with a third aspect of
the invention th&anMﬁwerV|ded a nethod of 10 reducing theecaicaiakieff ect
of red-eye features in a digital inage, conprising detecting red-eye
features using the nethod descri bed above, s;and changi ng the hue of pixels
around each highlight region to reduce the red content of those pixels. The
| nvention al so proayissas: 1A didie FEEIY ks Ghidg e, KRINpH o eEesbbag dabove

has 15 been applied, apparatus arranged to performthe nethod,

conput er st or age WehiiEkiFeen pRbdeierFIgng t?ﬂé‘?%%ﬂ‘&”c‘éﬁﬁ‘h@‘@? nﬁr"@ﬁf’%ﬁ?&"@éﬁﬁed

to performthe W%B%mé@é@dm{e%&ﬁﬁé‘@aﬁ@&%ﬂme@%ﬁ OorefRudiByRAELON Wi | | now
be described by way of exanple only and with reference to the acconpanyi ng

drawi ngs, i'n which: 20 Figure 1 is a flowhart describing a general

procedure for gedyg fﬂﬂhe‘i%gle&%ﬁwn@rig%zﬁz atefeu@elﬁ s#e%&n%em&mﬂ% R a

typi cal red- eyefeatur ure shows the red-eye feature-of Figure 2,
showi ng pi xel s i ciae 6% the highlightereginat end |detﬂm§ma thﬂtd’-g‘? inighlight megign &logs 8abows

Lhe red eye feat U gyl Qiteor el dRAGHE SMRPLubilgctagus; and 30

Figure 5 is a flowch scri'bing a procedure for detecting red-eye
features. Wen processing a-digital imge which may or nmay not contain

red-eye features, i f O th8 YSRfiGRIHCR RSvilld b GhaIddl ¥r as
possible, it is uSetd u‘frg%“gga a%ﬁg‘li’%rétr P R padi e Oved b S id 8

det ermi ne V\heﬂ@\errcsmwfg lheatsual eﬁeﬁmﬁlrtﬂ -tye fpatweseinta digitah dmegse corengisingalstectii
appl y a red-eye &e?eta ﬁ@&sﬂl LHO SR8 e Béd awvéfﬂda&bﬂgxﬂg oKk &ffiﬁxels

i ntervention of t]h £s very sinplest form an autonatic red-eye
filter can oper at goimd eachiéghlightGesion wirghvce tie warcanipriyf thepeni¥els. ed- eye feat ures
can only occur in photographs in which a flash was used, no red-eye -
reduction need be applied if no flash was fired. However, if a flash was
used, or if thereThsingenjionlelabproaiies o dightel image @ Whishs theweethodiespribedyahpve fas

i mge should 19e %egr"%ﬁﬁ'ﬁ f lgear:It@saﬁHin%é rt@?@ﬂ‘:ﬁlﬂ 1o ﬁ:@tﬁoc@y&d alfoc,ﬁ’;lﬁmﬁ.rr ggrageye

features are foun correc hi's process I's shown in Flgure 1.
medium havmg stored thereon a computer program arranged to perform the metho

Some preferred smbodiments of the invention will now be deseribed by way of example
only and with reference to the accompanying drawings, in which:
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 pxxels 1dent1fied in the
detectlon of a highlight;

FiQure 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 foatures, in

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




10 An algorithmputting into practice the process of Figure 1 begins with a
quick test to determ ne whether the imge could contain red-eye: was the
flash fired? If this question can be answered "No' with 100% certainty,
the algorithmcan termnate; if the flash was not fired, the inmage cannot
contain red-eye. Sinply knowing that the flash did not fire 15 allows a |,

| arge proportion of inages to be filtered with very little processing

effort. There akg gPsaber of possible ways of determning er tr B
flash was fired. One nmethod invol ves asking the user, alth\gggw&wﬁ/@”ﬁs not

i deal because it involves user interaction,,and the user may not be able
to answer the question reliably. 20 Another alternative involves Iooking in

the image netadat gefRhe I@’é@tﬁl}l ¢h f@ﬁu@(&&ﬂdﬂ %E@%éﬁmﬁée Eea&resvﬁ;'lgta P(atr?]dr ey

yes/ no' field. This provides a certarn er m ni ng

flash was fired, lﬁgﬂemut(atﬂlbselftw(gessprh&v@mm&ouﬂhe atdrvamtitradfafiesuser. Met adata i s
usual Iy | ost Wnen an image is edited. Scanned i mages containing red-eye 25
wi |l not have appropriate netadata. There is an additional nethod of
deternmining if thénfisaghrywasnpldst gorm, Wi Ghtomstiappd-epr ifitte car fopéﬂate &l gokérrhm
is inplementedgin ntr.ol | i software of a digi dul e
responsi bl e fof ta{{t‘}%m%[ zéIdBYagt FIE° LETE frars %‘Pé’ Cf%énsgeo%%s ‘%‘C)'hlng

det ecti on/ corr ect iffash wmiu;bah nbhat—e;&lmiu&ﬁm:sﬁed/\%apﬁ)hécEﬁno Mh&&is@ﬁﬁZZ&w%ver if
PCT/ GB02/ 03527 For, f?q}é J s%&' e it cgn%gt tbe d for ai n.that
the flash was not *i{Ted o Ore"Fetsry &t f’(sa&"ﬂ‘ﬁ ?rf fHetge
usi ng the red-eye shefldébé searchadbtb rﬁmaemmbmemy@maﬁy feﬁ-e@@fdaﬁﬁas%’@found

features are dete the a rithm ca end t hout needing to nodify the
i mge. However, gﬁ@ggc%%ggceﬁxg%ow% 128%h must be corrected using

t he red-eye cmrrectl on nodul e descri bed bel'ow. Once the red-eye correction
nodul e has processged .e - e f eat ur the algorithm 10 ends. The

out put fromthe a|‘°§b?1¥‘{’ﬁ%ﬁp§%£ﬁ¥‘§?rﬁﬁéﬁwﬁgé BrogEsf Obg’cggf?tlelﬂFgB’éd’U R gk tegfto
red-eye have beemleeminewheher thefimbfecoulingntai @al-QlenNwas e ﬂ@dﬁ%ﬂe If tHQuedbput .
I's an imge which can be answered ‘No’ with 100% certamty, the algorithm can terminate; if the flash was
not fired, the image cannot contain red-eye. Simply knowing that the flash did not fire

15  allows a large proportion of images to be filtered with very ﬁtt}e 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 usef
interaction, and the user may not be able to answer thé 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 sofiware 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. .




| ooks substantially the same as the input inmage. It may be that the

al gorithm detected 15 and "corrected features on the image which resenble
red-eye closely, but it is quite possible that the user will not notice

t hese erroneous "corrections'. The red-eye detection nodule will now be
described. 20 Figure 2 is a schematic di agram showi ng a typical red-eye
featureg 1. At the centre of the feature 1 is a white or nearly white
“highlight" 2, w©hw26298 surrounded by a region 3 correspondpgched:e
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 reddi sh hue.
This can range froma dull glowto a bright red. Surrounding the pupi

region 3 is the iFod saydmagbwhQER Rfinofibd d&émMaa@h JERYin AP BR MO whAKS O8], 2
sone. of the red glom1fr m t he pupil region . The detection al gorithm nust

| ocate the centr &95F gl pomnsjien it ?é‘ﬂéfﬁﬁletl Heing dhe red-gye defeqlion apdyieea
around it. 30 Thquggﬁq*ﬁmﬂetectlon al gorithm begi ns by searching for
regions in the imge which could correspond to highlights 2 of red-eye
features. The image is first transforned so that the pixels are

represented by hugg, 8@k ﬁtm@@me@ee&te@meqeg%ﬁﬂmaﬁeﬁdwtﬂ?o%ﬁnefmﬂgtt@m\é@ the
03/ 026278 8 PCT/ GB02/ 03527 pixels in the high ht 2 of a red-eye feature (i

have a very hi gh 183geuHawevsh if radrgys featurgs arg fﬂk‘@%ﬂaﬂ Bust Phepreceied ysipgthe red-eye

saturated el semhegleecggngﬁgﬁl@hes%%gggﬁ@ Simlarly, nost red-eye highlights
2 will have high lightness values. It is also inportant to note that not

only wll the saturation and l'i ght ness val ues be high, but also they wll

~ be significantly dy.ghglre® e;tek@)&e%t[?ﬁ ntoeq ?g?ceséed_ e]facxt [oR t?éaatrey tﬁaﬁagettﬁtﬂ' ng

them The change I n saturation from pupi I regqi tot

hi ghl i ght regifonerdsis very abrupt. The highlight detectlon algorlthntscans
each row of pixels in the imge, looking for small areas of light, highly
saturated pixels. During the scan, each pixel is conpared 10 with its
precedi ng nei ghbdie optphefrpmded algeyithm ds prefmage whigee all| dptacted lonsuskenges 9é sedreie an

abrupt increase §éh¥oﬂ&dtéﬁn 1ed 1&1&39%% %’cfé?ef‘ﬁmtq uﬂs%t e @a'hlch

hlghllght as it scans fromthe beginning the rOW. IS |s wn as
'rising edge". Orexksaubstatislly thel qeletméhebeelﬁ lmazt@ At thay beithat fhatﬂlgpliltk@l degastpdt he

fol I ow ng pl Xﬁ éﬁ@s&%t@cg e BRYR 1ﬁ1a§é FhadeR ésgmﬂfeg'gd-eye closely, but it is quite

possible that the user will not notice these erroneous ‘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 surounded 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. o

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




saturation and |lightness) are recorded, until an abrupt drop in saturation
is reached, 15 marking the other edge of the highlight. This is known as a_
"falling edge". After a falling edge, the algorithmreturns to searching
for a rising edge marking the start of the next highlight. A typical

al gorithm m ght be arranged so that a rising edge is detected if: 20 1.
The pixel is highly saturated (saturation> 128). 2. The pixel is
significantly nwoesestxarated than the previous one (this pixetr/8sorossa7
saturation-previous pixel"s saturation > 64). 3. The pixel has a high

| i ght ness value (lightness > 128). 25 The m®ising edge is | ocated on the

pi xel being examned: A falling edge is detected if. 1. The pixel is

significantly | episelsad Wealigtighh20f bhred-plecvitds Bve a( e NighbstaPlixg land it is

saturation - this pixel's saturation > 64). 2. Th reviQus..pj xel has a
hi gh |ightness v‘a\q“%éal(‘q finghrrens dys 53“??8‘}?’1353%‘3’?% f‘fcéaﬁpcﬁﬁese &Eﬂ%?”inﬁ%éet%éeéeon
the pixel precedhpglighfer QNELARIHigh BotddEb M RMhes Al iadlb ihpiraht ©hReKthitSot onty
performed while searching for the falling edge. After a_defined nunber of
pi xel s (for exanpiibthe sytuptinpeng dightngss YAt hw%t%alsomeﬁa@lﬁbeﬁg%qanﬂm@%ge,
WO 03/ 026278 9 Pl GRARLORSZ 4, Shkﬁm@&iﬂtﬁlﬁishﬂéﬁnﬁjnge&nupﬁ@&ﬁg&nfs%aﬁMﬁom

failing edge. The assunption is that there is ,a maximumsize that a '
hi ghlight in a r&gred i sepiay btodbmhighicht 16507 diFiey HIE wi || vary dependi ng
on the size of the picture and the nature of its contents (for exanple,

hi ghlights will be smaller in group photos than individual portraits at the

sane 5 resol uti oAhe hiehleh dgisrtionrmgamiim geane eanltfaw A @ OrsdR Hherpsghiopiang foFi dt h
dynami cal l'y, - baggeh ad fi9ight St PbbIN! DuARE e Bar LEBOKikd] WecRtipatelat
size which is Ii keﬁy o @?@tﬁéﬁ%’%}ﬁp by b At ghl i £ o e posapaied
0.25% and 1%16f il tsipeaceding neighhpydte pixgl ol dfdn Yhe algorjthm searghghfor ghibrang
successful |y det insraf0h A ARLGESmBHkink M dhdrSdh { itdchhbnedge
and the central %%(cg% lgrgtﬁrrag@%)r (?e.(f? Th’emal g%‘r_i thmis a%gi?%f_?_olmsc: for each
row i n the bitmapedisninpokthnzow.ofhisiiskaeyndsggerising pdae”. Once a rising edge has been

identified, that pixel and the following pixels (assuming they have a similarly high

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

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 is 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,




| oop from2"" 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 25 30 el se
end if rising edge = this pixel looking for rising edge = false if
previ ous pixel's saturation-this pixel's saturation > 64 and -.lightness of
previaqus pixel > 128 then record positionof rising edge record position
offalling edge (B?e¥426878 pi xel) record position of centre piPKEIGEIBBEINY
for rising edge = true end if 35 40 end if if looking for rising edge =
false and.. .-rising edge was detected norefthan 10 pixels ago | ooking for
rising edge = true end if end loop end for The result of this algorithmon
t he red-eye feat uheagoithmgfreamp ilookiEgyior @ejaﬂiﬂgwdgphiTQe afsgmptioreis thdt twee isher e
is a single highligh I I r A,

i I.IQUI% size Qﬁat q lgéﬂllgh%lq] av\ilel'l g{ ﬁgr e a%mv% bﬂu{?}gldretgg%lﬁ v

falling edge 7 angone CEntre pI for he hi cover
The highlight 2 ﬁpﬂ@ﬂ@ mlﬁe nnmsfﬂEDWMMREMdeﬁbnahmmpﬁahsm&mmsdﬁﬂsm@ndbd
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to the pixel at
5 resolutlon). The algonthm may determine the maximum highlight width dynamically,

based on the size of the picture and the proportion of that size which is likely to be
taken up by a highlight (typically between 0.25% and 1% of the picture’s largest
dimension).

10  If a highlight is successfully detected, the co-ordinates of the ﬁsin_g edge, falling edge

and the central pixel are recorded.

The algorithm is as follows:

for each row in the bitmap
15 leoking for rising edge = true
loop from 2™ pixel to last pixel
if locking 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 previcus pixel’s saturation-this pixel‘s saturation > 64 and.
~lightness of previous pixel » 128 then
recoxd position of rising edge S
record position of falling edge (prev:.w.s p:Lxel)
. record pos:.tion of centre pixel
30 lecking for rising edge = true
end if
end if

if locking for rising edge = false and.

35 .xriging edge was detected more than 10 pixels ago
locking 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,
onc 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.




Circles show the |location of the central pixels 8 WD 03/026278 10

PCT/ G(B02/ 03527 The location of all of these central pixels are recorded
into a list of highlights which may potentially be caused by red-eye. The
nunber of central pixels 8 in each highlight is then reduced to one. As .
shown in Figure 3, there is a central pixel 8 for each row 5 covered by the
hi ghlight 2. This effectively means that the hi ghl'i ght has been detected
five times, andwvww dslozd2ber ef ore need nore processing than is ?Eil(;‘IBX/SS
necessary. It is therefore desirable to elimnate fromthe ISt P Bur
the vertically central point fromthe |istzof highlights. 10 Not all of
the highlights identified by the al gorithmabove will necessarily be forned
by red-eye features.” O hers could be fornmed, for-exanple, by |ight
reflected fromcorners or edges of objects. The next stage of the process
t her ef ore at t enpil8e {e5aé01 of slhefcthesg chntrdhipiptslsi aghresordgbintcha fistr efchighyights echinkt i on
is not perforned 16y D O L AR

There are a nurrb]ejfr21 5)pfjfaeggrdiﬂ V\ﬁﬂy%deegg %Ié a pIgll & e?&ﬁggg%%n$§%%;&e%i§v
features as opp&sten reguéed) tg @nfﬁ eés shoe m@g:wé f&wreahecémtrfabplxblcm@rgt@ mgs of

central pixelsg i r h

essentially Ii negr\%ﬂird gg%egetrﬁls effgdtﬁr?lg eq%}g&%%?]ln 1é"’fslbéag |eﬁ%°tegff
edges, for exanplige tings, Wdl Wlﬂﬁéweforbaeédomnmcbrbwsmg éyaa is 2@1¥ hiesessdme c Rt fsor
| ong strings of pj k t duct.i Qn of ent I

pi xel s-to one. A%legﬁ?%%ﬁ%}ﬁﬂﬁ&%%%m&e%gﬁr}%H%S'p%u eLEYe o groglf éomthe
si mul t aneousl| y méist ofsightights.t hr ough hi ghl i ght's ident.i fying "strl ngs" or
"chains" of central pixels. If the aspect ratio, which is defined as the
|l ength of the string of central pixels 8 (see Figure 3) 25 divided by the
| ar gest wi dt HObefNaeelhof the highghtsgdedified By tha dlghuithin abgveadifimedesaikilyt beeformed by

highlight, is gr redetermi.ned. nunber . and. the i s above
a predeterni ned(%‘?dte%{;tf%l%?%%&g Icouﬁ%? (AT AP ZRmple %ﬁégtbéreﬁ%tmigﬁxﬁ\?gﬂwﬂgrom
the l'ist of highteddes of o@dﬁermesxexmadgy of the poeaisriadrefpiexapempit td EiBmiadte swg 1 S
ret a_' ned in the lhig%jlgl%, so r1t.‘r|115191heldle C %eﬁuchon is not performed on features which are not actually

red-eye features.

15
There are a nmmber 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 largesét width between the rising_'edgc 6 and falling edge 7 of the
highlight, is greater than a predetermined nur:nber, and the string is above a
predetermined length, then all of the central pixels 8 are removed from thé 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:

o 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




In other words, the algorithmperforns two tasks: renoves roughly vertica
chains of highlights fromthe list of highlights, where the aspect ratio
of the chain is greater than a predefined value, and WO 03/026278 11
renoves all but the vertically central highlight fromroughly vertica
chains of highlights where the aspect ratio of the chain is |less than or
equal.to a predefined value. 5 An algorithm which performs this

conbi nation of tyasdeRzé29s gi ven bel ow. for each highlight (thgefa®lssection
deals with determ ning the extent of the chain of highlights - if any -
starting at this one) 10 nake "current highiight' and " upper highlight' =
this highlight make "w dest radius' = the radius of this highlight 15 | oop
search the other i ' S el.Li Vi G0 ' 5 eln;
highlight's y co- or%fﬁh{éefgzgl 1+b]%?tﬁgn ﬁmgoéeggﬁi %gﬁgﬁiﬂbgﬁﬁoﬁgﬁ){ v%#%ﬂl g ts'()sf X
co-ordinate (wth dhigldighis arhers thé aspkdt ritio friheaghpingp tesathen pmeqyhl fos reidpnadake -
“current highlight' = the match 20 if the radius of the match > " wi dest
radi us' make “widesf radius' = the radius of the match end if end if 25
until no match is found (at this point, “current highlight' is the |ower

highlight in the SnalfkmPGRlnBLAG: s RARELA QUL ORbiwn B0l Lhis section,
if the chain is I 'near, | e renoved; 1t 1t 18 roughly circular, all
or i Aghit\pg N I I ' — v
but the 30 cent rab kiUl PORa ] L, B0 SIRVE) 8K . CRLR NelgMas O T ent
hi ghl I ght S Yy co-or di é’iﬁgﬁtst—()@f any - starting at this one) .
10 make ‘current highlight' and ‘upper highlight® = this highlight
make ‘widest radius’ = the radiuvs of this highlight

loop
search the other highlights for one where: y co-ordinate =
15 current highlight’'s y co-ordinate + 1; and x co-ordinate =
I current highlight’s x co-ordinate (with a tolerance of 1)

if an appropriate match is found
make ‘current highlight’ = the match

20
if the radius of the match > ‘widest radius’
make ‘widest radius’ = the radius of the match
end if :
end if
25 until ne match is found
{at this point, ‘current highlight’ is the lower highlight in the chain
beginning at ‘upper highlight‘, so in this sectien, if the chain is
. linear, it will be removed; if it is roughly circular, all but the
30 central highliight will be removed)
make ‘chain height’ = current highlight’s y co-ordinate - top
highlight’s y co-erdinate .
) make ‘chain aspect ratio’ = ‘chain height’ / ‘widest radiusg’
35
if ‘chain height’ »>= ‘minimum chain height’ and ‘chain agpect 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  ena for

A é.uitabfe 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




hi ghlight's y co-ordinate nake “chain aspect ratio' = “chain height' /
"widest radius' 35 if “chain height' >= "mninumchain height' and "chain
aspect ratio' > “mninumchain aspect ratio' renove all highlights in the
chain fromthe list of highlights else 40 if "chain height' .> 1 renove
all but the vertically central highlight in the chain fromthe list of
hi ghlights end if end if 45 end for 50 A suitable threshold for "~ mninmm
chai n hei ght' L@o&%ﬁﬁh@nd a suitable threshold for “~mninmmchain aspect
ratio' is also thréee, although it will be appreciated that thE¥EPPA be
changed to suit the requirenents of particyl ar i mages. Another criterion

i nvol ves checking the hue of the pixels in“the pupil region 3 around the

highlight. If the n.this region cont |n | ess_t cer

b opor t1'on of i N HoR o gier e i Ab ERTL e b T berea 8100 1o
apply to -the pupbdwéed@n0Rnd255SbbiihcMBd) 36:0302d8thd BixBIe bt ¢eiB UNBELEht BleR S S
the saturation is greater than or_equal to 80 and the hue between 0 and 10,
or between 220 Hgds B%mﬁ%ﬁP%mﬂﬁ€$%§@9éﬁmfgﬂnﬁ5@6of t he pixels around the

hi ghlight, then no red-eye reduction is perforned on that feature. 5 The
radi us of the_ pupil reglon must then be establjished so that the extent of

the red-eye §eafhfredingoftheppril regor pyst thenchesyiablisher o thehhe grtenb of Beradgvaed.

A sui tabl e al gor kL@ is iknBHal @Sthhthie@ g redadiin g b Ip&@&meaow@hﬁabﬁe;@fﬂmﬂl ng
the radius of the red area which surrounds it.- Once the %agorlthnlhas been

conpl eted, all hitgees Grrugh wa%ualﬁlg&adwghkyn%ﬂfmm%@e Grdipgplothpard wep which
associated with phemgs meoﬁc%dﬁéla‘ig&{tmh s se%gc@lﬁllﬂft@@,gm1qa%hh£ﬁ@ms¢eoin%ﬁgnﬂhl le

thelnput totheagorlt mils a seriles he out put can
considered to  piece of information associated with them: the radms of tﬁe red-eye regmn Therefore,

10 while the input to the algonthm is a series of highlights, the output can be considered to

be a series of red-eye features.

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

- gircumstances.

~ The method of determining the radius of the red area errs towards larger radii (because

it only uses hue data, and does not take info account saturation or lightness) ~ in other

25  words, it calculafes— the area to be slightly Iaiger than it actually is, meéning that it.
‘should contain all red pixels, plus some penpheral non-red ones, as shown in Figure 4.
This is not a Imutahon 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:




be a series of red-eye features. The output nmay contain fewer red-eye
regi ons 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 examned is due to red-eye. In the
al gorithmdescribed, if the radius of the pupil region 3 is nore than _
ei ght 'tines thewcagiopa7of the highlight 2, the feature is jrchgesbznehito be
a red-eye feature, so it is renoved fromthe |ist of areas to correct.
This ratio has been determ ned by anal ysi ngg a nunber of pictures, but it
w il be 20 appreciated that it may be possible to choose a different ratio
to suit particul asx ehmegiyedhances. The net hod of determ ning the radius of
the red area errs toweelscilargerd 2&dFi ~(®because it only uses hue data, and
does not take into acGRURbroSal tHedikQNrodd ih kGLAES $on-tninBhhighe 25 aords, it
cal cutates the area t?):dil?reésl-l g#ﬂllllh idmakg@ﬁgﬁthan chi=s Hetligttl 3 vics;orfimard ng that
it should contain al [*3f 319 me
houn Th Figure 4 Thi & 1Anal B AP RS el 00 LR o6t or
correcting the red-eye does not atterrpt to adkust non-red pixels. The
slightly excelsive size isiiglP¥otifs®Ftires @ UESTPT BEd” effBHr Ent “fher e -
no attenpt is made to accurat ehedetRiiitae ki PO frb 0fs3BkeOfertdie thi gt i ght
within the red-eye region: thepsirpd enmentati on of the enbodi ment assunes it
is central, V\ﬁereas t hi.s. @) *hot al ways be the case. A swtable al gorithm
i s given bel o WO 03752¥578 13 for each highlight make 'cal cul ated radius'
= 0 PCT/ GB02/ 03527 | oop ‘throergh rhdiespt Xedingsots tpeive 98 therhggdligkom t hi s '
hi ghlight's y co- 5 orgdi na‘te@m’e Uhibistd S aftpT E*NEEGIRE ¥ PRt s highlight's y
co-ordinate +2¢ ' radius San})el:@rdheé GhRicu) aBarbal R i XBhTigheld Wil dseang
rlghtvvards fromthe highlightento find the points at which the hue is
out5|de t he range, gf eEYEE 10 i f hal f the distance between the two points >
'cal cul ated radi usS

25 It will be appreciated that this algorithm determines the radins of 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 hightight.

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-e);e regions. For each red-eye region, a search is made until one other red-eye region
is foufnd which overlaps it. If an overlap is found, both rcd—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 bave been marked for deletion.

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




t hen nake 'caIcuIated radius' half the distance between the two points end
if 15 end loop if 'calculated radius' > 8 tinmes the radius of the highlight
renove this highlight fromthe list of highlights else 20 record the

cal cul ated radius; the highlight is now a red-eye region end if end for.
25 1t wll be appreciated that this algorithmdeterm nes the radius of 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 ab&AY 2% skilled person would be able to no@CRAEBEINGs27
algorithmto search radially fromthe highlight, or to determ ne the shape
and extent of the red area surroundi ng the1HighIight. 30 35 Once the radii
of red-eye features have been determined, a search can be made for

over | appi ng feat tdfﬂef@d af foanrps theydwera getermingi torpverlapy grdcaldslant vYerlamotitiesthered
pupil region 3 “gﬂl r feature can be due to
red-eye. Such feat g%&%% g@@%@?%hgg ﬁg%gfded An algorithmto perform
this task proceeds in two stages. The first iterates through all red-eye
regi ons. For eac .a search is made until one other red-eye.
region is foundﬁﬁéggﬁ%%ge% Bﬁmw If an overlap is found, both red-eye.
regi ons are nﬁrké@fﬁﬁPIEQ§ﬁ§FF It IS not necessary to determ ne whet her
the red-eye region ovgll SN JBELFOhL b i Erou B SHCHAA S age
del etes all red-eye regkwes whi ch have been narked or deletion.” Deletion
must be sepa&@ted froq;overlﬁg degggglon because if red-eye regions were WO

an over
03/ 026278 . mark both red-eye regions for deletion
- end if ’
end for
15 loop through all red-eye regions
if this region is marked for deleticn
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 alternative 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 vﬁll recogniée that there is scope for refinement to ,aciﬁeve 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




14 PCT/ GB02/ 03527 del eted as soon as they were determined to overlap, it
could clear overlaps with other 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 is found which overlaps this one, or
all red-eye regions have been searched wi thout finding an overlap 10 if an-
overlap was found mark both red-eye regions for deletion end if end for 15
| oop through al Wortedz2éeise regions if this region is marked fopciesrbion
delete it-end if end if 20 Two red-eye regions are judged to overlap if

the sumof their radii is greater than theilsdi stance between their centres.
An alternative way of achieving the sane effect as the al gorithm above is

to create a 25 new |dostecpfre¢-exk- gyehifeagigr es contai ni ng only those regi ons
whi ch do not oveffhf’* The original list of red eye features can then be

di scarded and th ngwlo e s dinits %%906' ghe_overall det ection process
is shown as a fl B0 oy TR Hyfliere erreslyr 1RAYOUO™S  eduction is then carried
out on the detecttadeackoizyevitigatie @scld hel@igr chearednabarionf known met hods

for perforning this, Hpia®$ieiiapiod Brogess™] & Aw described. The process

© .= 10 €

described is a very. basic B O GatOfar GO dr0GEd Bokef Qér-loeye, and the skilled
person W I r%fognise that there is scope for refinenent to achieve better.

results, parflicularly wﬁﬁﬁ‘?é@ﬁ?ﬁﬁf@§§@ﬂ§%@ﬁ < P fges of the corrected
area and nore accurately 3bigdeterm ning the extent of the red- eye region.

There are two parts tedtife red-eye correction nodule: the controlling | oop
and the red- end for :
15
For each pixel, there are two very straightforward checks, each with a straightforward

action taken as a consequence:

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 ﬁot 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 refgions are specifically removed,
the non-cummlative 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 defect red-eye features and provide a list of the location of these




eye corrector itself. The controlling |loop sinply iterates through the I|ist
of red-eye regions generated by the red-eye detection nodul e, passing each
one to the red-eye 40 corrector: for each red-eye regi on WO 03/026278 15
correct red-eye in this region end for The algorithmfor the red-eye
corrector is as follows: 5 for each pixel within the circle enclosing the
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
15 if the |ight veseymé27s hi s pi xel < 200 then set the |ight ngsg@hd:%7S
pixel to 0O endif endif end for PCT/ @02/ 03527 For each pixel, there are
two very straightforward checks, each with g straightforward action taken -
as a consequence: |.. If the pixel is of nediumor high saturation, and if

the hue of the pi ﬂs:eﬂlres ®hetd b grapR istthieenl TRY orfebtidnafisdnid dQIdRherle a'pﬁlied afier
de-sat ur at ed ent|£ I.n_ ot her wgrds saturation is set to "O" ch

causes red pixel SAGYCHREdDIRYRadsA from the fARRRANBFEPUEE. t he pixel is dark or

of nedlun1llghtness turn it black. In nost cases, this actually cancels
out the adJUStnEqQ1 as a_result of the first check nost pixels in the
red-eye region w nH%“Fﬁ?%@HmﬁwéE%HWQﬁﬁg@“BW%%?§MWHF85MH@@%§5 Hatodssmnfed

bl ack are the sonegmdldinaps aAkRERE Will®e B{Jﬁ@dlit%at amé‘rsc%uwslﬂlect%aa{%f ReghagRY

redness renoved frogmthem so the resu is an eye with a dark black pupi
and a bright whi tvehigh x&meyegfﬁductmn is to be applied, for example just a region containing faces.

This would cut down on the processing required. If a whole image is processed, no user
input is required. Furthermore, the method does not need to be perfectly accurate. If
red-eye reduction is performed around a highlight not caused by red-eye, it is unlikely

10 that 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 JPEGwcompressed
images and other formais where colour is encoded af 2 low resolution.
15
It will be appreciated that variations from the above described embodiments may stifl
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 amimals, “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 thé 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 inn 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




A feature of the correction nethod is that
after correction 30 is applied to an area,
sane area will have no effect.

its effects are not cumul ative:
subsequent corrections to the

This would be a desirable feature if the

red-eye detection nodule yielded a |ist of potentially

over | appi ng red-eye

regions (for exanple, 'if the nultiple highlight detections were not ‘
el i m pated). However, because overl apping red-eye regions are specifically
renoved, the noveoumai@ati ve nature of the correction nodul ePCHGBGY03527
inportant to the current 35 inplenentation. It will be appreciated that

t he detection nodul e and correction nodul eizan be inplenented separately.
For exanple, the detection nodule could be placed in a digital canera or
simlar, and det egll stiledet&y eucheatidik @s “wphlightstwiideeash rddstgiaf 3 bhieg idendfiddoas of
t hese WD 03/ 026275 .16 _PCT/ GB02/ 03527 .f.eat ures n a t ogr aph . s.taken.
The correction nddUPePEsHPE RS %%*ﬁigfﬁedf‘%ﬂﬂph%ﬁ%“w@qg?ﬂ%@ﬁ %}ﬂi RS a2
downl oaded from tygigg e mRiRdecomlingafdifventidhe met hod according to the

i nvention provides a nunber of advantages. It works on a 5 whole imge,
although it will be appreciated that a user could select part of an inage
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
whol e i mage is processed, no user input is required. Furthernore, the

met hod does not need to be perfectly accurate. If red-eye reduction is _
performed around a highlight not caused by red-eye, it is unlikely 10 that
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 nethod works particularly well wth JPEG conpressed inmages and °
ot her formats where colour is encoded at a low resolution. 15 It will be
appreci ated that variations fromthe above descri bed enbodi nents may stil
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invention particularly suitable for detecting non-red animal "red-eye".
Furthernore, the method has been described for red-eye features in which
the highlight 25 region is |ocated exactly in the centre of the red pupi
regi on. However the nmethod will still work for red-eye features whose

hi ghlight region is off-centre, or even at the edge of the red region. |
Sonme 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

li ght ness val ue¥?%%%fich cases the red-eye feature and the HigRPPGHE
region will be the sane size, and there'naé%not be any further red part
outside the highlight region. In other wordgs, the highlight region 2 and
red pupil region 3 will occupy the sane area. However, the nethod descri bed
above WO 03/ 02627BAMMSPCT/ GB02/ 03527 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 therefore-still be detected

usi ng the net hodt-accdyaiethgd elpredresingnaigtal spegciOIPEF026278 18 CLAI VB

PCT/ GB02/ 03527 1. A . i el -'égﬂﬁ% kS Reht

i dentifying highli gh?gg}lgggﬂogﬁé‘gl%{@fﬁ%ﬁhl ﬂ%@?ﬁ*ggﬁ‘?"& e Wi Righer Safihtion
saturation 55 anair ligfhtgése Meiuss thesl nireds in Hwregitnedhaedreindhe r egi ons

ther earound; ident i fYifgoierfYse fGAlILES,AIBARA BiitbriloRstORQh: Rpbnof

said highlight regions; and pertformng red-eye reduction on sone or all of

the red-eye featamdes. 10 2. A nethod as clainmed in claim1, wherein a :
single reference pixel _dn. eubl j 0000 desheSEL-ERlEfes the centra
poi nt of an associatgﬁrP@%§€§@E?gggﬂﬁggggﬁdﬁrggg'eyg re%ﬁ%tion for that
red-eye feature is centred on the reference pixel.. 3. A nethod as clained
inclaiml or.2,,whergin i iaht. reglon | Ol Y o lgenti tied;d f.hhere
is a sharp clllgng%' in ‘%imx% mfs]gfgﬂraa ?‘o’rll1 (g%g]] g’r@?rg t%glsl_%ﬁbﬂg%weengt he '
hi ghl i ght r egi onhighlight tegionagsetated asljhe cerital pdirtrof g associated red-eye feature, and red-

eye reduction for that red-eye feature is centred on the reference pixel..

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 mot 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 high]ighjt region is substantially linear, and not associating & 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




4. A nethod as clainmed in claim1, 2 or 3, further conprising elimnating
at least sone of the highlight regions as possibilities for red-eye
reduction. 20 5. A nethod as clainmed 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 predeterm ned

maxi mum di anmeter. 25 6. A nethod as clainmed in any preceding claim further
conpri’si ng det ey Biohdrs Whet her each highlight region i s substaahiably

| i near, and not associating a red-eye feature with a highlight region if
that highlight region is substantially lingar. 7. A nmethod as clained in:
any preceding claim wherein red-eye reduction is not 30 carried out
centred on any rgg- &a%%t € b Gf t cBataih HEEIRE &S
clainmed in any p‘?@%géﬁ?%g géird%%?%%utﬁbenfﬁg%énggfgﬁgﬁiad%%?fyi ng the hue of
pi xel s in the repedversined propditingof #¢d. hi ghl i ght region for each red-eye
feature, and WO 03/026278 19 PCT/ (B02/ 03527 only perform ng red-eye
reduction if the pixels in said region contain nore than a _predeterm ned
proportion of refl. 9.A fettetihodlagsedinailsmd®, ifwthet edrapr@ingfdgteppiamedohipdiugiodg
determ ning the padi Qf . 5 I ad- ‘ i )| al Yelainh
region, the rgd-gﬂ?56#%8?%%0%%é®§§a%ﬁ§§¥%h€ﬁg@h£glealrﬁ%ggt%g%?g?ﬁﬁ] Jr(rt%re tﬁan
sai d predet er m nagk @Enepignhentheh saiédreddeminkd pephtidnasred! ai ned in claim9,
wherein red-eye reduction is only perfornmed on a red-eye feature if the
rati o of radius of the red-eye region to the radius of the highlight 10
region falls wthin aApretddiecianeddn claingh whtreinabdtews reduttions pely pedoraisd on

claimed in any precedi cl ai,m__wher ej.n._t bal.tal: i 'RVI rom
a Bhot ogr aph. "t he HETRA Tt P N b Pt Rpich HPHE e oL iRt ©
was fired whan t hegidqifeilsogiaphpradaertided mgnganitivahets. i1 denti fyi ng hi ghli ght
regions‘or 15 performng red-eye reduction if no flash was fired. 12. A
met hod as claimed in any preceding claim further conprising deternning
whet her the digitial i Aagehdd asrohbaedir mney eeadngtcliine mhefein hg digigh ieget is
regions or perfarmng red-eye redheti Onsid el SortlirBicl Aeick R wirlther a flash

nonochrone. 20

was fired when the photograph was taken, and not identifying highlight regions or
15  performing red-eye reduction 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 reductioﬁ is carried out on all red-eye

features.

25 14, A method of detecting red-eye features in a digital image, comprising:
idéntifying highlight regions comprising pixels having highér 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 criferia include

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




13. A nmethod as claimed in claimi1, 2 or 3, wherein a red-eye feature is
associated wth each highlight region identified, and red-eye reduction is
carried out on all red-eye features. 25 14. A nethod of detecting red-eye
features in a digital inmage, conprising: identifying highlight regions
conprising pixels having higher saturation and/or |ightness values than

pi xel s in the regions therearound; and determ ning whet her each highlight
regi on corresp red-eye feature on the basis of applyi uri her
selection,critgﬁggy&%6@15. A method as clained in cIain114,R§ﬁg$%P%”%%e
further selection criteria include testi t he hue of pixels surrounding
the highlight region, and determ ning that“the WO 03/026278 20

PCT/ GB02/ 03527 hi ghlight, regi on does not, correspond to .a red-eye feature if
said hue is outéﬁ%@gg:“§W@dgF%Pﬁﬁﬁ%H%P%ﬁd@ %6?%%@&%?@?# SF@ d?‘T@%EKl

nmet hod as cl ai MgledeRnfingd Ahddedespbadin @€ n said further selection
criteria 5 include identifying the shape of the highlight region, and
determ ning that the highlight region does not correspond to a red-eye

feature if said ghape hemb@hs skBshiantclagh h¥ ofi1b Chhedin sdid furtheFBlda6h Ofiteria
reduci ng the visual effect of red-eye features in a digital ima

€, . ..
conprising: 10 detledsideniifyingitheyhape of thyhighlightiiregion, red delerRadngtha g%W§@¥@f 15

or 16, and -changi; SofWiErePonPicXEks e iR iSAGNhAhd: Sitlstah @iy QB Q.
reduce the red q%%ﬁ?%%% of tﬁ%%g pixelg£;15 26 18. edigital i mage to which

the nethod of any.preceding claimhas been applied. 19. Apparatus arranged

to performthe npthod, &Ieﬂf%ﬁ%f QU auShiBvikual ffdel of &-eyh IGATRULE diskALase,

nmedi um having stored thereon a conputer programarranged to performthe
met hod of any ofcoipaismg: 1 to 17. 21. A method as herein described with

reference t 014 he acc%{%@mgr@@e%f@mggﬁing 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, Amethod as herein described with reference to the accompanying drawings.




