WD 03/ 071484 PCT/ GB03/ 00004 5 10 DETECTI ON AND CORRECTI ON OF RED- EYE
FEATURES IN DIA TAL I MAGES This invention relates to the detection and
correcti owooB/orads eye in digital inages. The phenonenon ofeCmracBoaypeoci n

phot ographs is well-known. Wien a flash is used to illumnate a person (or
animal), the light is often reflected directly fromthe subject's retina
back into the canera. This causes the subject's eyes to appear red when the
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digital images, typically as arrayslﬁiA ixels, where each pixel is
normal |y represented by a 24-bit val e col our of each pixel may be
encoded within the 24-bit value as three 8-bit val ues representing the
intensity of red, green and blue for that pixel. Aternatively, the array
of pixel s Waningentos relaten ¢ testecion errheorrastionaf tsiteyo a digitelgmeget s of t hr ee
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providés a "circular" scale defining the colour, so that O represents red,
with the clleoplenp@asisinngf tddreyegh iothapheds Mellekrdsvrk heheal auflashi RAIsEASES,

back to reg at 255. Saturation _provides a neasure (fromQ to 255) of the
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that O represents red, with the colour passmg through green and blue as the value
increases, back to red at 255. Saturation provides a measure (from 0 to 255) of the
intensity of the colour identified by the hue. Lightness can be seen as a measure (from
20 0 to 255) of the amount of illumination. “Pure” colours have a lightness value half way
between black (0) and white (255). For example pure red (having a red intensity of 255
and green and blue intensities of 0) has a hue of 0, a lightness of 128 and a saturation of
255. A lightness of 255 will lead to a “white” colour. Throughout this document, when
values are given for “hue”, “saturation” and “lightness” they refer to the scales as

25  defined in this paragraph.

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

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

Most red-eye reduction software 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



2 user to select the central pixel of each red-eye feature and indicate the
radius of the red part. This process can be perforned for each red-eye
feat ure, wodsphassani pul ati on therefore has no effect onPCh&GBES0000f t he

i mge. However, this requires considerable input fromthe user, and it is
difficult to pinpoint the precise centXe of each red-eye 5 feature and to
sel ect the correct radius. Another comon method is for the user to draw a
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“highlights". If highlights in the inmage can be |ocated then red-eyes are

much easi @rcurgelyimakhe feawiq onat i cal I'y. Hi ghlights are usual |y | ocated near
the centre of red-eye features, although sonetines they lie off-centre,
and occasionally at the edge. 20 In the followi ng description it will be
under st oo@heteas thepéforecmed td ddentifysaiadmpticodlly sircas of aidigihihedetto whieH tede

col urm of pixels, and that references to noyenent |left and righ al ong
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co-ordinate system used. 25 I'n accordance wth one aspect o present
invention there is provi ded a rrethod of detectlng red-eye features in a
10n of .the i.na
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PCT/ GBO3/ Q%g%ﬁghts”. If highlights in the image can be located then red-eyes are much easier to

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

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

20 In the following description it will be understood that references to rows of pixels are
intended to include columns of pixels, and that references to movement left and right
along rows is intended to include movement up and down along columns. The
definitions “left”, “right”, “up” and “down” depend entirely on the co-ordinate system
used.

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

identifying highlight regions of the image having pixels with a substantially red
hue and higher saturation and lightness values than pixels in the regions therearound;

30 and

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

feature on the basis of further selection criteria.



A "red" hue in this context may nean that the hue is above about 210 or

bel ow about 10. This has the advantage that the saturation/lightness

cont rast wetoaeenshi ghli ght regions 5 and the area surroumdirgposiewti s nuch
nore marked than the colour (or "hue") contrast between the red part of a
red-eye feature and the skin tones sufrounding it. Furthernore, colour is
encoded at a low resolution for many i mage conpression formats such as
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it is easier&éo identify regions which mght correspond to red-eye
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sone cases, especially if the subject is sone distance fromthe canera,
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pi xel s hawhsigr ta idunghieregiamk whadh mipht barespokiosed-epethaatred. y out si de the
pupi |l region; a second saturation peak adjacent a second edge of the pupil
regio 25 conprising one or nore pixels having a higher saturation than
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identifying a pupil region may include confirmng that all of the pixels
15 pupil. However, it is still possible to search for characteristic saturation and lightness

“profiles” of such highlights.

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

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

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

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

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

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

on the basis of further selection criteria.



between a first peak pixel having the highest saturation in the first
saturation peak and a second peak pixel having the highest saturation in

t he secorwoganuras i on peak have a |ower saturation than weag/dBoglernsof the
saturations of the first and second peak pixels. 5 This step nmay al so
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has a hue greater than or equal to about 220 or less than or equal to about 10.

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

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

25  have lightness values satisfying predetermined conditions; and

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

on the basis of further selection criteria.

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

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

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

comprising:



imediately to its left; a second pixel having a |ightness val ue higher
than that of the pixel imediately to its left; 5 a third pixel having a
|'i ght nesswoaBuoet4Bower than that of the pixel immediatelyPCo/dRog/0bmwit; and
a fourth pixel having a |lightness val ue higher than that of the pixel
imrediately to its left; wherein the first, second, third and fourth pixels
are identified in that order when 10 searchi ng along the row of pixels
fromthe left; and defimt mixd]l nigavivine tah Bphteesshvgdupilbwee ghan tlmd rafetysopits! t o
part of a red-e 9 ur the basis of further selection criteria.

Pref erably the %ﬁ Fsmﬁs a lightness value at |east about 20 |ower
than that of the 15 Rl plxeBdiab e VghtBedst valh&highet RRIS@EEDH 11 ¥Bkl has a
| i ght ness val ue at | east aBout 30 hi gher than that” of the pixel imrediately
toits left, tW@Hwﬂmhﬂwblw%kﬂhas a Ilghtness value at |east about 30 | ower
{han tat of the pUchTIEAL ShSLY, | GblRel Ship, AV LA IR Rl Do 2
toits left. 2@ndefiatelf W itdieft; pief erred enbodi ment, the row of pixels in
the pupil region includes at |east two pixels each having a saturation -
val ue differing by &tfoushspixelbbainge ghingss Hafucohighpre thapi thal of thedizgt el y to
its left, one qlfm{ &% db%il%h two pi xels having a higher saturation value
than its left hand ﬁ our and another of the at |east two pixels having
a 25 saturati omheadlm&leliimmedoha,rthlrdandl éfutrthhyarxels meiigdvidied in Braebeeabhyn t he.

pi xel m dway . between the f] i xel g\gﬁ the fourth pixel has a hue

great é tﬁéﬁ%‘ﬁ%&’f‘mgi@’iﬁ”? §el§ am the lduendo. 1t s conveni ent to identify
a single pixel f
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and/ or puplnlthcbmmfsfurthgmebsmacxﬁmnm red-eye, it is p055| bl e that other
features may give rise to such regions, in which case WO 03/071484
PCT/ GB03/ 00004 6 red-eye reduction should not be carried out. Therefore

further sehgbdb®niiferfik€pixdl BIOH ightness value at least about 20 lower than that of the

15 pixel immediately to its left, the second pixel has a lightness value at least about 30
higher than that of the pixel immediately to its left, the third pixel has a lightness value
at least about 30 lower than that of the pixel immediately to its left, and the fourth pixel
has a lightness value at least about 20 higher than that of the pixel immediately to its
left.

20
In a further preferred embodiment, the row of pixels in the pupil region includes at least
two pixels each having a saturation value differing by at least about 30 from that of the
pixel immediately to its left, one of the at least two pixels having a higher saturation
value than its left hand neighbour and another of the at least two pixels having a

25  saturation value lower than its left hand neighbour. Preferably the pixel midway
between the first pixel and the fourth pixel has a hue greater than about 220 or less than
about 10.

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

30  highlight region or pupil region.

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

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



preferably be applied, including determ ning whether there is an isol ated
area of correctable pixels around the reference pixel, a pixel being

cl assifi ewoas/ocows ectable if it satisfies conditions of aad/Gealoorati on
and/ or |ightness which would enable a red-eye 5 correction to be applied to
that pixel. Preferably it is also det €? mi ned whether the isolated area of
correctable pixels is substantially circular. A pixel may preferably be
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det er mi ni ngplathébidee of téregotabils piaels edsudyantidbtairoalapr esent around a reference

pi xel in the digital inmage, conprising determ ning whether there is an

i sol ated, substantially circular area of correctable pixels around the

reference Pipxgl mad prétesly peea@giﬁédaa%sdoiﬂeaqb@sifﬁﬁm@%t Abki&r 1hfan lob 138 1 hue

greater than or egual to about 220 or 20 |less than or equal to about 10,
sat ur at i orebgnte20eor kebathaabwuaqudOto aodt 20,1if gistsasatidneis predtdrahamboutt 00. The

ext ent. .of t iLsol.ated area correctable pixels is preferably identified.
A cirdle ¥ Fhfé%&l%‘%é?ﬁits}ssgéﬂag’é’%ﬁﬂ'ng to the extent of the isolated
area of correctable pixels 25 may be identified so that it is determ ned

that a red-eye feature is present only if nore than a predeternined
proporti orlf vl & @ppisciptedohgt bfs fyirthen seldctibhn icnigeriai mhy he abpliagl tocing faatere,

classifie s.gorr a L Prneferabl sgore is.,allocated.to each. pixel in
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bei ng det eidaitified aboan Fdreexample b udr BOr idesi fFbliRr® bX eleSimlaBe hb ehiniged redf

pi xel s including that pixel and the pixels 1mediately surroundi ng that

pi xel .15\0 @8/ferraregan petpudo 3 aoobag to methea gepest glethe inyentign, ttheseforg, gherpi xel
having a s; - hal r m ' l 0 S chin | ong a
ow of pi rap i fieoR o Uk 35002 15 el b R DB T e
score of tieferaretepireicen pheceligiiab ibakgWwedrhgriginie dieteemining dviiditicesthededis bhe
search for, aln dge pi xei need not begin until _ a_ pixel is found having a
score aboVi&o gtﬁg, substantially circular area of Correctable pixels around the reference pixel, a
pixel being classified as correctable if it has a hue greater than or equal to about 220 or
20  less than or equal to about 10, a saturation greater than about 80, and a lightness less

than about-200.

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

classified as correctable.

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

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



5 predeterm ned threshold. Follow ng the |ocation of the edge pixel, a
second edge pixel may be identified by noving to an adjacent pixel in an
adj acent wow3frasa t he edge pi xel, and then noving in towaPd3/GBIS/06WN UM
containing the reference pixel along the adjacent 10 row if the adjacent
pi xel has a score bel ow the threshol d,”until the second edge pixel is
reached having a score above the threshold, noving out away fromthe colum
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been f(5)un %fgé%}%?g@g%%dt he top and bottomrows and furthest |eft and

furthest right columms containing at | east one pixel in the isolated area

are identified, apnd a circle_ is then _.identifjed having a_dianeter
corres pom]fiohawf% {f’ﬁeloﬁ‘"i'tlé’élt of thgredgp pixgls b Shcadpedaredncli may bspdentHiedody t om

rows and fdNeRfanl R dceft éclli'ﬁBﬁﬁﬁc%t%frﬁﬂhpggggeayﬂggf%ﬁqﬁgﬁre m dway 25

between the top and bottomrows and est est right
colums. |t maynovih@m fovadisttee ndolned dohtining thedefeyenck pitellang shepadisent onl y
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circle ispicBb@haRhYa 965r¢ IR eaBe thR&heRNt ral pixel of the red-eye feature.
30 In order to account for the fact that the sane isol ated area may be

identified starmowgg obt ewediffdre rtbetcolumire centeining sl wferome pikelt longrtheor e

iml [ d_ar. . di t ed d- f i f said two
or "more sabscanerdif oR el dsRER YRR AuhECHELEpRTLH Tt BB  or om
ref er ence pixet & 2achd®hadin0 41484 b6 EBEIEHIN04 8 Since the area around a

subject's eyes will al nost always consist of his skin, are always
Pr ef erabl y it is determ ned whether a face regi on surroundi ng and including
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identify the left hand edge and right hand edge of the isolated area, until the left edge
and right hand edge meet or the edge of the array is reached. If the edge of the array is
reached it may be determined that no isolated area has been found.

20
Preferably the top and bottom rows and furthest left and furthest right columns
containing at least one pixel in the isolated area are identified, and a circle is then
identified having a diameter corresponding to the greater of the distance between the top
and bottom rows and furthest left and furthest right columns, and a centre midway
25  between the top and bottom rows and furthest left and furthest right columns. It may
then be determined that a red-eye feature is present only if more than a predetermined

proportion of the pixels falling within the circle are classified as correctable. The pixel

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

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

are identified from different reference pixels.



5 having hue, saturation and/or |ightness corresponding to skin tones. The
face region is preferably taken to be approximately three tines the extent
of the iswaBediswegi on. Preferably a red-eye feature is i ®emdcBoz@doosf nore
t han about 70% of the pixels in the face region have hue greater than or
equal to about 220 or less than or eqdhl to about 30, and 10 nore than
about 70% of the pixels in the face regi on have saturation | ess than or
equal to about 160. In accordance with another aspect there is provided a

met hod of _processin ital, inma ncl udi ng detecting. a red-eye
feature u§§ %\%Ve%gmflﬂg %B‘Plﬁ%sseyﬁég"é‘rl kw Iitva constag saspb madways
correcti O'Préf@raBBﬂt i’sefﬁte‘?ﬁﬁ?nefde\%éﬂﬁ& adﬁ&eexggﬁ)q su;%lu?dl ¥nd B ddq% t'h@qjslé the

saturation of sone or all of the pixels”in the red-eye feat u0|ng

t he satur a@glcm obfcogenteblo rpn@lls cotftainh enque einsa r;wgdeteumlmvdqaromduon rm@ ptnhaés
saturation fir evel i he, saturation, of. that. pi.xel is
Sbove & sdeyy el g Bieriefinesg¥oiessbenditl 1 it iter g cergeiof i

| evel . ComkéfelabRGalten'te Ge QY SrokRadtslf @hrdBYinak By dxadnt YEINK ilatbdraagidi. t i on

i nclude reducing the |lightness of sone or all of the pixels in the red-eye

feature. 25 Wiere a red-eye feature has been detected having an isol ated

area of SYLERLA RaRl X8l du WIEhiMaYR hEeR R85 900 A AR A aper T bed
Tifg! ePUBE PER BTG e

above, theée corr ion ure may in |ng

| i ght ness regidh haveﬁaietgwdtd:rahaxoér &@thopib)seﬂ 220nort1Ee thzﬁﬂd)xaéqﬁdl toabea 3, and
correctabl e pixels ¥ a factor related to the score of that pixel

Al t er A8t i veery thaneabgut 20% qf dhe pixelsdp thg Beniseiorelpverspratiogessdhan anegust
saturation,qf,g3agh pixel within the circle 30 may be reduced by a factor
related to t e score of that pixel. The invention also provides a digital
i mge to which any of the nmethods descri bed above have been appli ed,

apparatus .arranged to._ carry out th any of s WO 03/071484
ST 203/ d00B A st Apelientosy Gt A OORBLE G Bebp hEOCANAR MAHIA ng

stored thaffaeq ifdRAiaguaRyl & AIGE WAGH RXRCHTAT honfdd Rutkine¥pdle, t he

met hods descri’bed above. Sotre préferred enbodlnents he Tnvention wll
now bd Sdeswdidpelyingya wayeaionerahprel-c fatuye detdcted.t Thisehey émdele wduding

acconpanyi aw n Fi. gyr e is.a flow diagram show ng the
det ecti on tﬁ% q‘I’I gféo&e \g@ 3313:6 ?léﬁllsﬂf?@;re‘i'ﬁ‘(eg{?fa@ ' is a schematic diagram
showi ng a typical red-eye feature;

Reducing the saturation of some or all of the pixels may include reducing the saturation

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

20  level being higher than the first level.

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

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

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

30  may be reduced by a factor related to the score of that pixel.

The invention also provides a digital image to which any of the methods described

above have been applied, apparatus arranged to carry out the any of the methods



Figure 3 is a graph showi ng the saturation and |ightness behaviour of a
typical type 1 highlight; Figure 4 is a graph showi ng the saturation and
| i ght nesswbehaviseur of a typical type 2 15 highlight; Fi garaGHE®3i0800a gr aph
showi ng the |ightness behaviour of a typical type 3 highlight; , Figure 6
is a schematic diagramof the red-eye%eature of Figure 2, show ng pixels
20 identified in the detection of a highlight; Figure 7 is a graph show ng
poi nt s of dé¢shebddy pleov2, hindghd cohputef steragarmediuindbating isededyherdva a dedgemi on

algorithm 25 Fiqure 8 is a graph show .ng the conpayisqn between saturation
and | i ght feaged PGP Serutsd oY Qut AL GRE @FthPﬂ%g?%éeéﬁm"&m i ght of Figure
4; 30 Figure 9 is a graph showing the |ightness and first derivative

behavi our of the type 3 highlight of Figure 5; Figures 1 Ga and Figure 1
Qb i || ust Pame prafereed eroberingatsfod therinvensipp avid apwdis dassritRidduyrweayldf exh an
array of pixels i.ndigcatin he correctability of pi.xels in the array; WO
03/ 071 848?-‘1?5?}%@6 /rﬁ%émego%ac&qr&mngglgl(%%wg%& ”i‘?%nzé}hows a nmechani sm for
scoring pixels in the array of Figure 11; Figure 13 shows an array of
scored pixels generated fromthe array of Figure 11; Figure 14 is a
schemat i thﬁuafg?aﬁﬁ How déaeramisheyvigs e ddteoiop jad repeisd ofisdbye deatwiesiti fy t he
edges of the correctable area of the array of Figure 13; Figure 15 shows
the array of Figure 13 with the nethod used to find the edges of the 10
area in ofguieind shexetis diagtagustesvidda tyandl ddbeyeitoautdhe net hod used to
foll ow the edge of correctable pixels upwards; 15 Figure 17 shows the
met hodQused to find the top edge of a correctable area; Figure 18 shows the

array of FLON 8 i3 Anth Wit i eRuhLdBielibnh a8 YIREISE: iSedpidr il d ow the

edge of the correcta area; 20 Figure 19 e radi us
correct abheshlipgha of the array of Figure 13; Figure 20 is a schematic
di agram showi ng the extent of the area exam ned for skin

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

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

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

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

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

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

Figure 9 is a graph showing the lightness and first derivative behaviour of the type 3
highlight of Figure §;

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

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



tones; and 25 Figure 21 is a flow chart showi ng the stages of detection of
red-eye features. When processing a digital inage which may or nay not
contai n rwo-0ageisgeatures, in order to correct for such fearGBs/em4
efficiently as possible, it is useful to apply a filter to determ ne
whet her such features could be present!9 find the features, and apply a
red-eye 30 correction to those features, preferably vm'thout t he
intervention of the user. Inits very si rrpl est form an automatic red-eye

filter can.opergte i ver st.rai ghtf or war nce red-eye features
can only GUEER (8 pHAeB b Shme R o a0k gy B Rk PEBESObb04 11
flash was used, no red-eye reduction need be applied if no flash was fired.
However, if a flash was used, or if there is any doubt as to whether a
flash was Figee 13 shasys ahatdymfgeored howlseneratedfran g droy of Faguie &5 resenbl i ng
red- ey If any red-eye features are found, they are corrected. This
process is shown in Figure 1. 5 An al gorithm putting into practice the
process ofFigirgunés & sbieghai dﬂhgrbmauqs&a@hgtgeﬁéranp thed@t@bdiusel whidehtely thbe

i mage could contain red-eye: was the flash fired? If this question can be
answer ed eRges %thmcm%bge%r@wfﬁbym@h@f%ugwrﬁ hmcan terninate; if the
flash was not fired, the i mge cannot contain red-eye. Sinply know ng that
the flash did not fire 10 allows a | arge proportion of images to be
filtered \Higureuérsholvs tthd errpr oL Egatrenty efithahe mdford ey to fmdehekégss dfttheannot
be det§rm' ned for cergajn that the flash was not fired, a nore detailed
exani n8t i GEAHIORS BV BEPRSISired usi ng the red-eye detection nodul e descri bed
below. 15 If no red-eye features are detected, the algorithmcan end

wi t hout needing to nodify the inmage. However, if red-eye features are

f ound, eadhgwestl6band dvbebhbwdthasnethod heedr tdfodlpe theordge atfi conrentobligl wxels
descrl bed bel o0 20 Once the red-eye correction nodul e has processed each
red- eye fe‘@tﬁf(g the algorithm ends. The output fromthe algorithmis an

i mage where all detected occurrences of red-eye have been corrected. |f
the i mage contains no red-eye, the output is an image which 25 | ooks

subst dit i ﬁlwetlﬁéhg‘aﬁﬁleaseth%uﬁedﬁ)@llﬁnﬁ theecfep eflge efpacaseectahlgtaredie al gorit hm
det ect ed

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

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

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

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

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

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

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

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



and “corrected' features on the inmage which resenbl e red-eye closely, but
it islikely that the user will not notice these erroneous corrections'.
The al gorwohmiofass det ecting red-eye features |ocates a poiPa/GBOBlOM4 each
red-eye feature 30 and the extent of the red area around it. Figure 2 is a
schematic di agram showing a typical rdd-eye feature 1. At the centre of

the feature 1 is a white or nearly white "highlight" 2, which is surrounded
by a regi dlasi3wADuSs 67 1ethydii@Zﬂllc&Bﬁ31e6d)Bé)4pﬂ&ddf)nm ﬂaqsh)wdsi; ficpdt d{(tme/es ubj ect' s

pupil. In the absence of ed e is re nor, be. bl ack,
but in a ret}gag easfuéﬁfﬁ g%fk&’g’t%s O‘%%%tﬂgr? ﬁoﬁge‘ﬁ%ﬁlésﬁdﬁg %?Hﬁngge can
range frO@h@uld‘Ue'seﬂkﬁ’é’& o0 f@at@tre!; %%m'bﬁﬂg re%Jé}feOl{'i‘Qhﬁge& Bfe RURIS ffr@%lﬁl@ 3is
the iris 4, sone or all may appear to take on some of the red

gl ow fromthearpaer‘?degT}DﬁprOSess is Wralpﬁemahce of the red-eye feature
depend; on a nunber of factors, including the distance of the canera from
the subject. This can lead to a certain anobunt of variation in the form of

red-eye femt ulgerithanguiting Ratot practicarthé PeodasshaviFigufe Dhedine whihohbhightest k0 10
practice, red-eye features and their highlights fall into one of three

cat egor i esietermpis Whethar theamagg spyldi con@asicgreat-etasabe Thgphred? If s gueséerr s
when the cyew@ihlbldd N WiP 668 E¥an eﬁfe%ﬁ%}x{{t h SR YAk FALA Yal O
i ght eas

in portraits and close-up pictures. one pi xel
wi de and imt dkehtieyinmgs eparaaicenthimatctrege.t snﬁﬂﬂy lanedlnlg,Sthpu;hblﬂa&a dfﬂhﬁ)t Behavi our
of sat ratlon aqd | i ght ness for an %errp ary. Type. 1 highlijg is shown in
Fi gur Y3, 2llpyse ?gﬁpﬁf’rﬂoﬁ&’i‘t%ﬁ@é&?ﬁto éﬂte{eﬁié“g}/‘éeréi‘ﬁ‘il%l’rpf‘%lngﬁ’@fofted eye
feature is small or distant fromthe canera, as is typically found in
group phot ographs. The highlight 2 is smaller than a pixel, so the red of
t he pupil Innees imaghwhére iscminbt be éetemﬁinedhifdr&me:sisl theéx tha flakte wias gbl fughf o

turning an are i nk V\/m an u rated red. Th
behavi our Bf°s gfftﬂiegt F’S’ﬁ[ﬂﬁ% B}jﬁ{ p?gs%er r’r‘s’é%eﬁlﬁl ?fﬁf e"?"ﬂl’@ﬂq?"rl@ht is
shown in (k@i tdlowlyYpe 3 h| ghlights occur under simlar conditions to

Type 2 highlights, but they are not as saturated. They are typically found
in grddp phot ographs where the subject is 25 di stant fromthe canera. The

IElegﬁ\r”eogr l?no reéJ Q};en egt%refs%re g&e&éﬁ %)e 2% XntMcan end % geedlng tosnrllcg) thg

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

correction module described below.

20 Once the red-eye correction module has processed each red-eye feature, the algorithm
ends. .
The output from the algorithm is an image where all detected occurrences of red-eye
have been corrected. If the image contains no red-eye, the output is an image which
25  looks substantially the same as the input image. It may be that the algorithm detected
and ‘corrected’ features on the image which resemble red-eye closely, but it is likely

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

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

30 and the extent of the red area around it.

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



The red-eye detection algorithm begins by searching for regions in the

i mge which could correspond to highlights 2 of red-eye features. The

i mge i s Worso7usansf ormed so 30 that the pixels are repr@esemBad/ompshue,
saturation and |ightness values. The algorithm then searches for regions
whi ch coul d correspond to Type 1, Typé22 and Type 3 highlights. The search
for all highlights, of whatever type, could be nade in a single WO

03/ 071484 cP@TpoBIBE 3000 sultfisctizampil. alnt thewrpserice dfsred-epputhsst fegioal 3 wosidpl er

t k for Type.1l highligh t.hen. t h for. T 2
i gt 1 ght SR v BB R ide Telave FPhEh o peeio ARG B eeRb oo e
pi xel s i n can fange fbnhh @bl ighhil 194 baightadd egarrb@rting SehRAYA rBei¥8BYs tHedhs 4,

saturation, 5 and it is unusual to find areas this Saturated el sewhere on
faci al pi ctmees all Sf hicy mpy appeat toriplseon seimgef thetred glow fromethe phpig Fedioght ness
val uess Fijgure 3 shows the saturation 10 and lightness 11 profile of one
row of "pi Xels in an exenplary Type 1 highlight. The region in the centre
of the profile with high saturation and |ightness corresponds to the

hi ghlight region 12. The pupil 13 in this exanple_includes a region outside
the 10 hi giteidprearprssi dnthe red-gyevbsacue dspends os) & nymber of st daclydipgdse | oner
t han t hosey; i i . ghl+ LE 51 i t : ote
that not ity osiot I FE e o e ie el i Lo ohd A6 bl WA Aol L ¢
regi on 12 ibehdifgin obutd-ayes featdrat andeypatithlabére sétgmior @dnhé highlighter In han
those of the regions i.medi ate|y. suryrounding them_ The change in

saturd ioﬁr?qlﬁ%rf‘ﬁ'éy‘b F‘Fesr%’&it{}ér E@Hl%htﬁ %él %Fog?ﬂq Grbres sgedpiet2 i s very
abrupt. 15 The Type 1 highlight detection algorithm scans each row of

pi xels in the inmage, |ooking. for small areas of light, highly saturated
pi xel s. Duri e fis csegory isalehigpitrdbs {Bypeohpaflad ocwirt lwhieh shepeyecediigng

nei ghbour (the pixel..to its left). Th ori.t hm searches for an abrupt
i ncrease in %f@flaﬁs‘/ﬁéﬁﬂaﬁdﬂlﬁ% ﬁ%w}caﬁﬁﬁﬁ%}q ﬂ?_@“&aﬁ'tératngo‘f OS5 UR BIUGht, as
it scans frofhi ARhABhIOEH AMNRIoR pikOGideWnd T¢18arBa EéH%_Y‘ﬁe e td H%' 88

edge". Once a rising edge has been identified, that "pixel and t
f ol | ovliSng pi repib 3( asihenbeigvicne yofhatmatéons and [lighingshifoh an saemphtry ofypant

| i ght ness) aé@hﬁ%@éé‘@%ﬂﬁfg&rﬁﬁn abrupt drop in saturation is reached,

mar ki ng the ot ghlight. This is known as a "falling edge".
After a fal fr?p@ zeﬁgmi%mb%cé\lrg»%éﬁ R &Rt diKitE D (R AdCYeN@aful iBshhlfioRd edge
marking the start of the 25 next highlight. A typical” algorithmmght be
arranged so tdistant from the ngmemges is $ypiellydoed! infgroup photographs. The highlight 2
is smaller than a pixel, so the red of the pupil mixes with the small area of whiteness
20 in the highlight, turning an area of the pupil pink, which is an unsaturated red. The
behaviour of saturation and lightness for an exemplary Type 2 highlight is shown in
Figure 4.
. Type 3 highlights occur under similar conditions to Type 2 highlights, but they are
not as saturated. They are typically found in group photographs where the subject is
25 distant from the camera. The behaviour of lightness for an exemplary Type 3

highlight is shown in Figure 5.

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



1 . The pixel is highly saturated (saturation > 128). 2. The pixel is
significantly nore saturated than the previous one (this pixel's 30

sat urati owO-03pre84 ous pi xel's saturation > 64). 3. The pi ®e/drs/oenoni gh

i ght ness value (lightness > 128) 4. The pixel has a "red" hue (210 <_ hue
<- 255 or 0<_ hue <_ 10). WD 03/0714843PCT/ GB03/ 00004 14 The rising edge is
| ocated on the pixel being examned. A falling edge is detected if: the

pi xel is gpagpnilthaightiy compstasatallyaireplet tvanaltereeseprobviboligpeohkighpgley,itbers

pi xel's saturation -.this pixel's satyratiqn 64).. The falljng edge is
| ocat ed off SERESiS&F B‘?’Zﬂé'@ﬁ?ﬂﬁgerp@mo %S?Fi = fﬁfﬁfchéﬂr ﬁ’e@nahlﬁhldglt?'onal
check is perfornmed while searching for the falling edge. After a defined

nunber of pixels (for exanple 10) have been exam ned w thout finding a
falling edgestof tiserizdlyrd Tymm ghigbBghtpflasekeyyferire have o edry high se@epionThe
assunption i h re~is._a Xi i ze that a hi.ghlight ig_a, red-eye
foature odnt ek BlshTod oo T pIHEIR 456 A8, of dE ohire S Sl The

pi cture angost Mgpaathigiaights wilshaertignlighthbsrvadicamBigire 3hihghk itghésuraiidd be
smal ler in graoup Phot os than individual portraits at the sane resolution).

The al gor iR tighingst b piofide efrpnerfawi ofunikdls grad giemplara livpey aghledf| Yhe based
on e 196581 16 B 1 s AR ) gl el
pi cture' s Highlighstregidd 1A mahsi mupjl 18 finathiv gkdmpgjbtintladsuecegivhubityidedehect ed,
o dlor dUBIERD IR &F G AReaAdS PB4 bncssrGhce Jetier BAR LFEEHE BE t mmp
gfxgg 35 4Rxdi19 kiR % dif¥ght. | B iNBs& HEForTark fdFote 1RRMOE BAPWAN the Birtioh And @S
lightness values of the highlight region 12 be high, but also that they will be
significantly higher than those of the regions immediately surrounding them. The
change in saturation from the pupil region 13 to the highlight region 12 is very abrupt.
15
The Type 1 highlight detection algorithm scans each row of pixels in the image, looking.
for small areas of light, highly saturated pixels. During the scan, each pixel is compared
with its preceding neighbour (the pixel to its left). The algorithm searches for an abrupt
increase in saturation and lightness, marking the start of a highlight, as it scans from the
20  beginning of the row. This is known as a “rising edge”. Once a rising edge has been
identified, that pixel and the following pixels (assuming they have a similarly high
saturation and lightness) are recorded, until an abrupt drop in saturation is reached,
marking the other edge of the highlight. This is known as a “falling edge”. After a
falling edge, the algorithm returns to searching for a rising edge marking the start of the
25  next highlight.

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

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

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

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

4. The pixel has a “red” hue (210 < hue < 255 or 0 £ hue £ 10).



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

pi xel 's saturation - previous pixel's saturation > 64 and.. ...lightness
of this pweeBHo?148£28 and.. ...hue of this pixel 210 or <_ POTIGBIA/00004Si Ng
edge = this pixel looking for rising edge = false end if 45 end end for

else end if if previous pixel's saturaftion-this pixel's saturation > 64
then record position of rising edge record position of falling edge

(pr evi ous Thiexiging edgesdochtgaben thepixabbeiog nkaminpd. xe fallinpkdgeds fletected &i ng edge =
true end if if logking far rising edge = false and.. ...rjsing edge, was

det ect ed r?ort:t.\‘etrﬁé lfosq%‘i‘lg@?rgfyatfég SF‘%‘%‘&?%&@O CrPIEVIRYS oGPPI eP &R i f

| oop WO 03/ Osdd8dorPCH GRQSF O00Q4tido> Bl result of this algorithmon the
red-eye feature 1 is shown in Figure 6. For this feature, since there is a
si ngl e hi gieifghing edgetihbocatedomi thtymxel precadegohe onmbeing skaminedige 6, one

falli nﬁ edge 7 and one centre pixel 8 for each row the highlight covers.
The 5 highlight 2 covers five rows, so five central pixels 8 are recorded.
I'n Figure A addi@dral eidcRlis bédf@nedt wisldeafcohip foh thePfalBly et Ptk hieffecdge to

the pixel at the falling edge. Circles show the |ocation of the central
pi xel s 8. NEBbRHAS Pigels KBT daample ¥ heve trggreexpntineghivitytit Sinding a féling edge,

I dentificafl ngoxq{hn} Eﬁ/eg ﬁBtlgcﬁling iﬁﬁe’éhe falling edge. The assumption is that there is a

maximum size that a highlight in a red-eye feature can be — obviously this will vary
10 depending on the size of the picture and the nature of its contents (for example,
highlights will be smaller in group photos than individual portraits at the same
resolution). The algorithm may determine the maximum highlight width dynamically,
based on the size of the picture and the proportion of that size which is likely to be
taken up by a highlight (typically between 0.25% and 1% of the picture’s largest

15  dimension).

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

and the central pixel are recorded.

20 The algorithm is as follows:

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

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

end for



10 in each row of the highlight, the detection algorithmnoves on to Type 2
hi ghli ghts. Type 2 highlights cannot be detected w thout using features of
t he pupi IWo®3lzl4p4 Figure 4 shows the saturation 20 and PCghiBIeS60021
profile of one row of pixels of an exenplary Type 2 highlight. The

hi ghli ght has a very distinctive pattéfn in the saturation and 15 |ight ness
channel s, which gives the graph an appearance simlar to interleaved sine
and cosine waves. The extent of the pupil 23 is readily discerned fromthe

aturation,curve, e red. il . bein re turated .than it .
:ur lrJounZJIi Sggeyﬁﬁteoge&’fse@lgo &J‘{)Iﬁ% t%?%dé%fﬁn%ﬁﬁ”f%iztlg? O%h 1B &aéguéﬁ ‘S:a%T o M¥S on i s
al so evi degghhire! $8cngR ik AMindls hiphBbM £ tBS aRoRBRK WAl rbddrd BRe hisiﬂl%eﬁgé% curve,

with a corresponding drop in saturation. This is because the h i ght is

not whit eonpdellingiedige 7aped phalcedioe pixedbtd fraveachirgl thathighlighoreovaine Phokness
occurs .be : e highlight 22 is smaller.thag one pixel, so.the small
anount 5of %%? 8% ?sconyie%egvgwrf)ws’t R fgvﬁr?e trra%giphxge518 Be%fetr(?g%rlﬁ\e/% pllinﬁl.guﬁ%%ﬁxnot her

detai | womhbHza04lilfigs isGetth€rohl 8@ pikel lat GRimMesSeddiab tREpiteSatahe FMgngL¥ddecm ti es
of the pupil 23. This is due nore to the darkness of the pupil than the

| i ght ness (grclgstshow dhg logafina ¢fghe cantral gixelsdwever, a distinctive
characteristic of this type of red-eye feature. 30 The detection of a Type
2 highlight is performed in two phases. First, the pupil is identified

usi ng t he BHbwimf therlethannef Tydd e highhightsi amdtthe sdendfieatioal ofithe chrack etket or
confirmation that it could be part of red-eye feature. Each row of pixels
i s scdfned? 5 rPWrOféhWﬁghg..hthtihﬁaFt%tfﬂI{ ﬁ&?rit QRO HEPR4 hhg’é‘ég?sor a set
of pixels satisfying certain WO 03/071484 PCT/ GB03/ 00004 16 saturation
conditions. Figure 7 shows the saturation 20 and |ightness 21 profile of
the red- éppeldaghlights ¢dnostt eadetattadwfhaquineing fedtage bhthe papil ho belpedtigiik e

pi xels "a' on the satrr ion curve 20. 5

4, 25, V. 26, V.27, V28, ‘'f 2
The first “_r%%ﬁe Beriior R At ﬁa@ae&@tm&ﬁlﬁaﬂ%mﬁ RO & RIS YrfnHECRBED pi xel
W25 and piygel2 hihligho- Tﬂb%ég'lhfgﬁf hih i 2BAHGARS JeOpatRih RUHACEMiralS andf
pi xel s in which one pixel 25 has saturation ~! 100 and the follow ng pi xel
26 haslSa |ligheesseltannelsi which igives threghph en appeoagdncg SimilaThe snterdeaned sine g
conput at i onal Iegv dgsnandi ng because it involves two adjacent points and a
sinmpl e corﬁ?&lpl 3% Pixel Vis defined as the pi xel 26 further to the right
with the 10 | ower saturation. Having established the |ocation 26 of pixel
V, the position of pixel _ o
The extent of the pupil 23 is readily discerned from the saturation curve, the red pupil
being more saturated than its surroundings. The effect of the white highlight 22 on the
20  saturation is also evident: the highlight is visible as a peak 22 in the lightness curve,
with a corresponding drop in saturation. This is because the highlight is not white, but
pink, and pink does not have high saturation. The pinkness occurs because the highlight
22 is smaller than one pixel, so the small amount of white is mixed with the surrounding
red to give pink.
25
Another detail worth noting is the rise in lightness that occurs at the extremities of the
pupil 23. This is due more to the darkness of the pupil than the lightness of its

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

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

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



Wis known inplicitly-it is the pixel 25 preceding V. Pixel Wis the nore

i nportant of the two-it is the first peak in the saturation curve, where a
correspommiprig/otsugh in |ightness should be found if the RCghiBogloooks part
of a 15 red-eye feature. The algorithmthen traverses left fromW25 to
ensure that the saturation value falld6 continuously until a pixel 24

havi ng a saturation value of :~ 50 is encountered. If this is the case,
the first spiuraionZénfiivnngFiguch7 aheat theadatunaticns2 asi igtahad 21q;roﬁ1|'e’iofehe fis

then 20 found b n rds romV26 til wih a
| oner sat d?cgﬂ' o%e %’ﬁ%ﬁﬁlséﬁegﬂ#’i%? e\fl\%}ﬂ@et @fh"élﬂésl?tsﬁ%ﬁ’qspwe %% Qyzsff &ature
i s now knaown:d’ Phe‘eabgori 20dn thhgRutdidnersesol eftwards along the row from ' f
29 until a plxel 28 is found with higher saturation than its |eft-hand

nei ghbour 27. The left hand nei ghbour 25 27 is designat ed p| xel V and the

hi gher .satyr I n d | 5|mla to V;
its onFy E)ltjflref)é)ljg eﬁ?@{% gg?téﬁegie etge(%}llﬁm s}étuuﬁh%\{)eﬁwee& RIEF! 9 Egaflii ﬁéﬁe check
i's made t 0celUTRe hlgadithihscapine ks Deidment pditdrthivelald whARNSO kM 25 has

saturation than the highest peak. 30 It will be appreciated that if any of

the condi tSREREEIAFHIY a tbefﬂi wipg pixel %@h%sr?elﬁwﬁh%ﬁmfaﬂl@foﬁhﬁtlﬁmﬁﬁsi pixeleXSer mi ne

that it h n | i.ght, and return to sc

b 071484 TP ash S8 SoBe bty i neRas ﬁéSJPV‘Bé{?SrtW&a@W%‘] Bitleed coul d
cor r espond §igp ¥hysarisbn. andl ‘€' is Qefifled 40 plxdiZBhiuttBlH to thB@iphORGHhtthens
above can be summarised as follows: Range Condition be Saturation(c) <

Sat ur 30i orPWyr sateratin uHaying r?étlﬁ?hﬁleidbe matsa‘t % af pixal rasthbeesiticomfiptedus| y
f <f Sat t f) <
(o 100 £ 0.8 LR gt st on(1) < ™

max( Sat uration(b), Saturatlon(e)) 5 If all the conditions are net, a
feature S|mlar to the saturation curve in Figure 7 has_ been detected The

det ect i on HKgoPi thihF OrUA TBBARSN &4 ﬂ@%&www élﬁ‘? Brst wpaknin the spiugationesisve, of
pixel's "a'y2de 5 c%rre%ﬁpdléxg trc%%hq{?q negsgshogﬁif diifyfe lggﬁl?gé@ ’1%%%}?8{” her

with the centre ature as pI xe
bet wedd ° a‘edZ;leﬁaadlref 29. The hue

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

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

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

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

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

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



of pixel "g' is also a consideration. |If the feature corresponds to a Type
2 highlight, the 10 followi ng conditions nmust be satisfied:

Pi xel DescwppBioong€ondi ti on ~a' 24Feature startLightness > BaT@GBBioa4 b’
25Fi rst peakSaturation > Lightness g 35CentrelLightness > Saturation and
Li ght ness ? 100, and: 220<_Hue< 255o0r ¢ Hue<_ 10 “e' 27Second
peakSaturation > Lightness 'f 28Feature endLightness > Saturation It will
be not ed thratowt fre thei@exthpainef pixslsuskidh foonldt dvereparsit tot pinels et end Heflue of

the pixel . 35,at .t.h ntre of the feature nust he somewhere in the red
orea’of -t AubepRiabliafy THicoReopt Avegan b Srltadas IMRVA: 1 vel y hi gh
| ightness and md to | ow saturation, making it pink-the col our of

hi ghlight that the algorithmsets out to identify. Once it is established
that the rd%ange pi xel s matches the profiQoaddfona Type 2 highlight, the

centre pixel {35 isg}j £ s_the .centy ol 8 t he highlight for
that row of 03/ %Afﬁ%gé?@’:%%éﬁg}%g@(ﬂg%§%6%<Oé]|@ 2a%&ihown in Figure 6, in
a simlar magper tQathAfoh HWbdehi AR HsaRYd8 aRObhE ShRfatiohyH b

hi ghl i ghts descri bed above. The detection algorithmthen noves on to Type 3

hi ghl i ghts. Ef gur eS8ushonf) £ Betur8ion{gyht ness profile 31 of a row of pixels
for an exerrplgry Type 3 hid(D;hIi ht 32 |l ocated roughly in the centre of the
pupi | 33. Th&%hi ghPHgRtoNd ~ SGtratienkelys be central : the highlight could be

of fset in eitgher dhhGhAondUh LskEL#eHSh - will typically be
quite small (perhaps ter{th?%ge'l'g at g’%(ﬁgtﬁfrao@ts ) é@{gﬁé@gphe feature itself is
never very |arge. 10 Type 3 highlights are based around a very general

characteristic of red-eyes, visible also in the Type 1 and Jype

i gni 1 gt 4 ShanconiE ek, SifeRte SRR Pane ReuPreRaol TRRVE R t he
l'i ght ness 1ghapaedted 1 ThoNGE&IdnEe SRR Bhn B&RKarkS tHe REPARl W8 the kfohtr?ls 32,
and the two troughs correspond roughly to the extremties of the pupil 13,

23, 33. Thifgitclsse’ 24 ‘b 23.cat 28 end ¥ 89,msishown infBigece §, togethértwiticthercsning t h
g 1 SIS o b BRGR o ket TPRAIERS LRG0T B Sad 25 2HRETY
of pixel ‘g’ is also a consideration. If the feature corresponds to a Type 2 highlight, the

10 following conditions must be satisfied:

Pixel Description Condition

‘a’ 24 Feature start ~ Lightness > Saturation

‘b’ 25 First peak Saturation > Lightness

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

‘e’ 27 Second peak  Saturation > Lightness

‘£ 28 Feature end  Lightness > Saturation

It will be noted that the hue channel is used for the first time here. The hue of the pixel
35 at the centre of the feature must be somewhere in the red area of the spectrum. This
15  pixel will also have a relatively high lightness and mid to low saturation, making it

pink—the colour of highlight that the algorithm sets out to identify.

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



The nethod for detecting Type 3 highlights is sinpler and qui cker than that
used to find Type 2 highlights. The highlight is identified by detecting

t he char awDesios48 ~ W shape 20 in the |ightness curve 31PCTHBN3i08004
performed by exam ning the discrete analogue 34 of the first derivative of
the lightness, as. shown in Figure 9. 1Bach point on this curve is

determ ned by subtracting the lightness of the pixel imediately to the

| eft of t pxelsmagshewn ipFigake 6,riomsirhiddr rodnneht thendeatificgionalf ce@fe Adiatsdbgori t hm
sear ches ong,th ow exam.njng the first derivative (difference) points.
Rat her thgkp%ggﬁ§§%£§g%ﬁxgﬁﬁﬁ%m%ndividualIy, the al gorithmrequires that

pi xels are found in the follow ng order satisfying the follow ng four

conditions: Pixel Condition First 36 Difference <_-20 Second 37
Di f f er encdhs deggtiorHilgaitizs e fr@@\@ﬁdm to Typo 3WogbBelgy.148gueCy/stpes /004

19, P xsl SaRACL gRmEeug) 39, B Leronr, TafpInersol 5 gunapsialata

al gori t hmregshity bre shef &rnua cm thelpugh 38.t Tha hilitifght enlt @ov alwies e cedltaldrthd ovver
fol |l owed eventual | xel 37 with a difference value of at | east 30,

fol | owed fyghkieht ‘fﬁ‘—i@ be@éfsvﬁ mrﬁltaewiw@@én@é tharize obithe afseswilldvieally by | owed
b i xel | f 5j bl
y a pixe quﬁ% sMahthgﬁlaH? té &Els a'tqﬁftmc’sﬁ bdORLE tﬂéfe%tu?%nger "% ﬁan 4% 4 e

| ength for e pat ernlnoeexanpelt nmust be no i xel s,
al t hough tdgs is a function of the inmage size and any other pertinent
factor 10 An additional condition is that there nust be two "|arge
changé§ (at least one positive and at |east one negative) in the

saturation @@r}ﬁ?{hglﬂ@st A BHsel Q?OUB’IH rasster%'3 ger%ﬁg ch&attedic Hirk@ 'e?es stm'l@élg@

change may e defined as > . Final the central point he one
hal f - way betheeBypet hend Type 2 3@}1d11ghltslsaeWn319FFguX®l Xandd. ThisHs (ciu:r‘éN Oyhapedt have

a "red" hue_in the.r 255 ent
pi xel 8 aduBitani HeRRag eaTEer T SR RS TGiils BB AP ot ween
the }‘ ir g t ftﬁ@t\@clﬂlﬁodl tcr?%% aeb§gh11}2£b fﬁ'é%x{rgﬁﬁie's QR tKéfpu%Jll' 130b3t199 TR pal
i xel s or a (0] e an e
P 15 of feature is simple to etect, but 1t occurs with hlgph frequency in many images, and

most occurrences are not caused by red-eye.

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

current pixel from that of the current pixel.

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

in the following order satisfying the following four conditions:

Pixel Condition
First 36 Difference < -20
Second 37 Difference = 30

Third 38 Difference < -30



hi ghlights detected are recorded into a |list of highlights which may
potentially be caused by red-eye. The nunber of central pixels 8 in each
hi ghl i ghtwio3tohes4 r educed to one. As shown in Figure 6, togr@B3sI@4centra
pi xel 8 for each row covered by the highlight 2. This effectively neans
that the highlight has been detected f#Pve times, and 25 will therefore need
nore processing than is really necessary. It will also be appreciated that
it is also possible for thePxane highl i@ditiop be detected i ndependently as
a Type 1, Type 2 or Type 3_highlight, sqo.it i ossi bl e that the sane

hi ghli ght could be detected %% thré§%?5W§%§& each row. It is therefore
desirable to reduce the nunber of points in the list so that there is only
one central point 8 recorded for each highlight region 2. 30 WO 03/071484
PCT/ GB03/ 0tex@4s 20 chusttae it pexelnwitisBling thset tradhioghiwhbe adjdent.i T etleby t he

al gorithns above w Il necessari/l be faornmed by .red-eye features, O hers
Goul d be PeRTedie PSPrRESHes P bgiR 2PTTb et b eR o lED phers ob i Biges o
obj ects. FhewerdveatdBebPh fik& PrRABaiHBRh&S Pl 8f AtEBR S0t Rllodleli Hynat e
such highlights fromthe |ist, so that red-eye reduction is not perforned

on 5 $eapineks8 whihchdiffenepvalae vfidd0l o lower, &lovweddryir pige! 3thwitk value 04 ahunber
of criteria ich can be applied to r.ecqgni red-eye features as, qpposed
Lo fal se 185t aPebnsn 2 raBRBuEh B ine BT dor P gB e o PSR- BisE T
narrow  hipglit bghb Songet than 40igkéls ghhsupbitedisar finesseot thalilygd sineakd amy Shape.
These may be fornmed 10 by light reflecting off edges, for exanple, but

wi | | neverothss ppbingiidagigrsy ed- eye. This check for |ong strings of pixels may
be conbined with the reduction of central pixels to one. An algorithm

whi ch perfornms both these operations sinultaneously may search through

hi ghl i1ght sAd additiorfay coglitiat isi thgstherermist baitws “1apge’ chaigeal(atdexseloge pbiitivhie 15
aspect ratio, which is defined as the,lenga:h o{) t he strinsgéof central

pi xel s 8 (E8det pragtipac ayeatiyel iyt wrrahen Fhargekpetiesh FhpBrshelrandndst 3% ng

edge 6 and fal |4 99,6998 Sbv Hba RIS gpt, is greater than a

predetern&%éﬁénunggr, aﬁ%:tE% st??%gg?§'above a predetermned |ength, then

all of the central pixels 8 are renoved fromthe list of highlights.

O herw se in?/ the central pixel of the string is_retained in the list of
Ys

20 hi ghl i givedly, the egral poist f&e oppdabfiwar bethisehaier Bish0 g leshSRspixels dipyes

[ggghllx VEn LS ) nfRAANS aCfe P HARLA BtSnJd 29 4 e kSt o SMigbkiight's, where

The central pixel 8 as shown in Figure 6 is defined as the central point midway between

the first 36 and last 39 pixels.

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

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

30



aspect ratio of the chain is greater than a predefined value, and 25
renoves all but the vertically central highlight fromroughly verti cal

chai ns ofwohBghl4Bght s where the aspect rati o of the chai nPCI/dBROSHOMOMan or
equal to a pre-defined value. An algorithmwhich performs this conbination
of tasks is given below 30for each hi2§hlight (the first section deals wth
determ ning the extent of the chain of highlights - if any - starting at

this one) Hmirtgbﬂrﬂogdamonnllkef ﬂrednglﬂrghtshﬂghiﬁegl’wthaml@ofiﬂnpmabohé gl hefetsarity t hi s
35make " wi dest d|u = the radi us of is hi 03 0714
PCT/ GB03/ G600AS 3.&.‘/8 f%“@%ag@??f% fvl %Bﬁ@? ha geé?fflg fBY ig ﬁm y

co-or di natf?onrcoﬁla'fsr(?rr@d Bt 9hbbRbE. SThe &8t %gé Bﬁﬁﬁe piodss me%r&wéﬁw pate =
current highlight's x co ordi'nate (with a tol erance 01§ an appropriate

mat ch is febomekterakeh highlighgmifrom the ligghso that rédecyeatediction Ishn@t rpadomnsedocbnt he
mat ch 2 adi us' make. . w dest .radi us' = the radlus of the match end
if end°i fv}‘ﬁ‘%ﬁef Wﬁ?bcgr’?é? gt alcg“aﬂléﬁﬁ?ﬁ(geﬁ%feetgf “this point, “current highlight' is
the lower highlight in the chain beginning at "upper highlight', so in

this section, if the chainis linear, it will be renoved; if it is roughly
circular, Hicre prgta pwabercedneritatia phagh Faghbe aptlicdde reeaepissdrdzme fedtees ehai n

height ' = FUBLANL A PLanGRL " Bn¥ i€05 Mk W3 Bng shtys of BfMdi HMelS i/ narrow

co-ordi nat
highlights — i.e. highlights which are essentially linear in shape. These may be formed

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

This check for long strings of pixels may be combined with the reduction of central
pixels to one. An algorithm which performs both these operations simultaneously may
search through highlights identifying “strings” or “chains” of central pixels. If the
15  aspectratio, which is defined as the length of the string of central pixels 8 (see Figure 6)
divided by the largest width between the rising edge 6 and falling edge 7 of the
highlight, is greater than a predetermined nurriber, 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
20 highlights.

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
25 e removes all but the vertically central highlight from roughly vertical chains of

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

value.

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

30 for each highlight
(the first section deals with determining the extent of the chain of
highlights - if any - starting at this one)

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



make " chain aspect ratio' = “chain height' / "widest radius' if “chain

hei ght' >= “mini mum chain height' and “chain aspect ratio' > 25 “mninum
chai n aspwotodoatBo’ renove all highlights in the chain frecrtdeesjoo®s of

hi ghlights else 30 if "chain height' > 1 renove all but the vertically
central highlight in the chain fromt2he Iist of highlights end if end if
end for 35 A suitable threshold for “mninmumchain height' is three and a
suitabl e threshd?™ for h‘ m ni mum chajn as ect rgti o' is also three,

al though it will be SARIFECE AR, FIEE ThRdR” AR HE: ChENGEYEI Suit the
requirenents of partieuhah:ideges, Habnd.gdet eated the-Lentkeas, of possible
red-eyés and attenpted to reduce the nunber of 40 points per eye to one,
t he next stage is tafdetswpearéatehretpr ésefreed and size of the red area
surroundi ng the central péFht SwFttshehtdrbe “bdFiE th nmind that, at this
stage, it is not certain:that . alls scent raleh PojLs. Wil be within red
areas,l0and that not all red ameas wdbéc ravaeessadnkel abe sausedady red-eye.
45 A very general definitsérifof a red-eye feature is an isolated, roughly
circular area of . réfdish pixels. In alnost all cases, this contains a

hi ghlight (or offier afea of" A°'Gh i ghtness), which will have been detected
as degéri bed abavenisBeidaextustageiffidiie ispimeCrRSS: hssrh Ondet.erd aast he
presence and exeemhimf at hecoeecdhigléghts urseoundhingseamypngiiveme dwbghlis ght
bearing in m nd#%fa %Fh@%h%’ghﬁ“ i 1§ ots AewESs st TMeratelifetcdatre of the
red WD 03/ 071485 PET/CBY37 60004 52" 4re%) and may even be on its edge.
Furthao consi de:gd i-emsn ae€grchat cdrbefeni@yide NP doeshai@kea, c that there
may be no det edtiaibliehtheoundaidsated t he red area because it is part of a

| ar ger feat ur e™ekt Herxipfaspreserteundi rhonshaieni hgvidsat redeshi ghl i ght will
not be cl assi filfedchgﬁ'l an.lggt_g pgr‘;lingltlumac}l;agg_h%Y&tt ea%!iu‘rcga'inSaspect ratio’ >

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

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

be changed to suit the requirements of particular images.

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

necessarily be caused by red-eye.

45 A very general definition of a red-eye feature is an isolated, roughly circular area of
reddish pixels. In almost all cases, this contains a highlight (or other area of high
lightness), which will have been detected as described above. The next stage of the
process is to determine the presence and extent of the red area surrounding any given

highlight, bearing in mind that the highlight is not necessarily at the centre of the red



Figure 10 illustrates the basic technique for area detection, and

hi ghlights a further problemwhich should be taken into account. All

pi xel s suwpmandi4eg t he highlight 2 are classified as cor PETIGHIBO0OH
non-correctable. Figure 10a shows a picture of a red-eye feature 41, and
Fi gure 10b shows a map of the correct dbl e 43 and non-correctabl e 44 10
pixels in that feature. A pixel is defined as "correctable" if the

f ol | owi ngatgendid nansverrte omits edgeh dnmthler Gonidierdtions kigehat there may be no red

2205Hue<_255, or ue< 1 a at ura 80, Li ht ness Light ness
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pi xel s 43 1gpé&r @dmﬂb%uhérhef hh&B! cgtditidhe.- mmaﬁ@ tha alesmgﬁhgmt nall ndiobe’ of

non-correctahl e pixels inside the 15 highlight area 42, so the algorithm

that det ectassitipbasipedns passe! ped=r deatgrecope with this. There are four phases

in thesdeterm nation of the presence and extent of the correctable area: 20

1. Determne correctability of pixels surrounding the highlight 2.

Al | ocat e FigotilOndlustsaey theOsasiveteghiiijng féroarah | defeictie, sand. hilghlightt hefiettiges of
ea to determne its size 4. Determne whether the area

th t
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as shown 'c!hsgﬁga"a@ cé&ectaﬁ%r %%h'conegame' ml eQ'OEQﬁE)wé a>1<p Pﬁn@ofgrw@y&at e

the correcta he correspondi ng p| Identified
earlier asfeatthe 4:1eran¢l §1gufre fl e shmghhugdn off @ea;ion‘eﬁeblcéﬁtand mfn-¢dmeectbleadd

(colu row 13 | gur e (ra | e enough that the
whol o 1Bt aieis Bt ettt PeshisWeteahearhBdeGHERitdte (oTofing ROTBReACRt on o
Type 2 andydype 3 WO 03/071484 PCT/ GB03/ 00004 23 highlights, the w dth of
the pupil is identified, and the extent of the array can therefore be

det ermi ned by rrultlplﬁ_lmms wi dionditipna predeterm ned factor. If the

extent of the pupil not alrea t be above a

pr edet er mi ned si ze, f%l?'1 exarrpl e %ép rlé?%eegg% Oh _clgﬁ%gg e image. 5 I n phase
2, a second array is genefirhed, thgunsag Sk@ge as the first, containing a
score for

Lightness Lightness <200

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

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

Find the edges of the correctable area to determine its size

Lol S

Determine whether the area is roughly circular

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

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



each pixel in the correctable pixels array. As shown in Figure 12, the
score of a pixel 50, 51 is the nunber of correctable pixels in the 3x3
square cewDroed7@s4 t he one being scored. In Figure 12a, tReTaBWOGI04 I Xel
50 has a score of 3. In Figure 12b, the central 10 pixel 51 has a score of
6. Scoring is helpful for two reasons231. To bridge small gaps and holes in
the correctable area, and thus prevent edges from being falsely detected.
15 2. To highliglds,rtbe wiidth odfthd pnepilbisadentififed, 4ndi the extent ofathk wrrey assleiedokeas a

red-eye feature.. Thjs makes use af the fact that pixel ear the

boundar i ege B?te’E‘WEeJc]hi’ %ﬁ?é%’l%t ﬁsé’ﬁd%}?yi a PRegeierpiggd 2‘&5 rezl,ft XAt Phle wel |
i nsi de it il |s QR YUBeddyOM oW iR Sarr AUt HeGBHVEE réRtermed &R, WrldakipBh
scores can ‘be adjusted by a large anount, whilé those with [ ower Scores
ar e adj ustrddiveds the cpmpdetalithages t he correction to be bl ended into the 20

surrougdings, giving corrected eyes a natural appearance, and helping to
di sguise any falsely corrected areas. The result of cal cul ati ng pi xe

scores foln pigeal & 83ohs afrBPgdnBratdd) tessamh3. siAdaisehd Nat, dohﬁxiniﬁ)% ¥etsedbrong the
edge of the array are all assigned scores of 9, regardless of what the 25
cal cul at egadicire ipdieg eorprstabihpixelsfasay. dfs e indliggedds theescoreaal aekigelt hi ng
beyond th I r. Ther e ] of
the corr eaPubl & Br SamtetBr Sl pRal R ST s B EBl T e IR BT 1 e
array, it syirkd. hoFighe daadsi deneal pigelai) has a0dcateedt, 3. clroBgtresIiy ¢he @trkhase 3
uses the pixel scores to find the boundary of the correctable area. The
descr ilBed PE€hADP® oi0lE & enpts to find the |eftnost and right nost col umms,
and topnost and bottom nost rows of the area, but there is no reason why a
nore accurate tracing of the area' s boundary could not be attenpted. WO
03/ 071484 SeafingBOBIpdAd0OAtv@®rehonss necessary to define a threshold that
separ at es _pi egs consiFered tgl e .cqarrectabl e frorr%l hose t hat argr not. In
0 OE ot 2

this exanpt el SH§EHIRES 8@ A COfOTECRO AR, AT S RECVERLTIESR (4B €.
This has beepeif opndif @igte the best bal ance between traversing small gaps
5 whilst still Tecognisi ng isolated areas. The al gorithmfor phase 3 has
t hr ee 15t eps, TagidstrowntiomoFthgiares, 14t islevegtually chassifibé ag ened-eyofeatine Tis ay and
wor k- out war drsna e]é &s% (Ifl trﬂg fgcqethgtdlggel(s)fnegrh&leat{o%%daries of the correctable area will

have low scores, while those well inside it will have high scores. During correction,

pixels with high scores can be adjusted by a large amount, while those with lower

scores are adjusted less. This allows the correction to be blended into the

20 surroundings, giving corrected eyes a natural appearance, and helping to disguise

any falsely corrected areas.

The result of calculating pixel scores for the array is shown in Figure 13. Note that the
pixels along the edge of the array are all assigned scores of 9, regardless of what the
25  calculated score would be. The effect of this is to assume that everything beyond the
extent of the array is correctable. Therefore if any part of the correctable area
surrounding the highlight extehds to the edge of the array, it will not be classified as an

isolated, closed shape.

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

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



2. Sinultaneously follow the left and right edges 62 of the upper section

until they 10 neet. 3. Do the sane as step 2 for the | ower section 63. The
first stewooB/ottaes process is shown in nore detail in Fi guP€TAERBO3DN®4St art

point is the central pixel 8 in the array with co-ordinates (13, 13), and
the objective is to nove from 15 the ééntre to the edge of the area 64, 65.
To take account of the fact that the pixels at the centre of the area may
not be classified as correctable (as is the case here), the algorithm does

not attenpt. to | ook for _.an e til it has encountered at, | east e
correct agTIPte1S By TR e‘feSPS 8&@%‘3‘?@3 thfﬁ\ﬁe%ra%is r‘ﬁ(e{f% ‘éonég‘?ﬁ%et%bet %Orﬁ%a%?eef t
edge 64 ca@RnbehoseXiessast. | i &S EQPINSiny2fx ek ite Rt schiex6d >& i€ esuntat pd Xel
| eft edge = undefined if current pixel's score < threshold then 25 nove
cur r ent - picsra¢ctatdé.t Thisthias beanrfoemt topgixethedesidmtance betmiees hevatsing serallfgappv e
curren% pi gﬁl I@ft unti.l ;. cgerrent-pi xel's score < threshold, or 30 the
begi nn? ng "OFSt T 1eEsUng selaked 4495t he begi nning of the row was not passed
then left _edge = pixel to the right of current-pixel end if 35 Simlarly,
the nmethod for locating the right edge 65 can be expressed as: WO 03/071484
PCT/ GB03/ Gheekgopthm ferrndase phacdhree stepptasshpivi én Figureghtt - edge = undefined i f
current - pi;xel, re < I - pixel ~[i unti |
current - pil>’<e t'ai[ aggngrcgntgig{‘%?g%ﬁ%?%& Qg%ﬁtWﬁﬁﬁqéﬁggg%fé ?)?gfhe%?%%t until :
2. Simultaneously follow the left and right edges 62 of the upper section until they

10 meet.

3. Do the same as step 2 for the lower section 63.

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

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

20

current_pixel = centre_pixel
left edge = undefined

if current_pixel’'s score < threshold then

25 move current_pixel left until current_pixel’s score 2 threshold
end if

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

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

35
Similarly, the method for locating the right edge 65 can be expressed as:



current-pixel's score < threshold, or 10 the end of the rowis passed 15 if
the end of the row was not passed then right-edge = pixel to the |eft of
current - pwvoaB/o7eed if At this point, the left 64 and ri ghtrCEEGEIS0@AI LI €S
of the area on the. centre line are known, and the pixels being pointed to
have co-ordinates (5, 13) and (21, 1325 The next step is to follow the
outer edges of the area above this row until they nmeet or 20 until the
edge of tﬁ‘gérig}’;g%xli 'sdz, 8 If the edge of the array is reached, we know
that the area 15 not 1solated, and the feature will therefore not be

cl assi fi edt asrrantpkant kadre keliresgyie th@at ure. As shown in Figure 16, the
startifig poi nt mb@rcubehi_piengidhbenvdgerreit_dikel arseaeizStrk-&aolpi xel 25 64 on

t he previ gtlsifow where the transition was found, so the first step is to
nove to the piu>r<reelnt_916xe'1 rHTg%Qim?tti‘f-l y above it (or belowit, depending on the

di rection). e‘l%%}g%t_p@@ltgg&re ISt dghat @. nove towards the centre of the area
67 i f 10he pi xelths endadiugreGow iis peboOw t he threshold, as shown in Figure 16a,
or towards the outside of the area 68 if the pixel 66 is above the

t hreshol d,** 4%° W%Q%ghem°¢r;g?ﬁ%t%ﬁeﬁitﬁqtil the threshold is crossed. The

pi xel 30 geached is°thén the starting point tor the next nove. The process
of noykng to the next row, followed by one or nore noves inwards or

‘ 3 . . _ . . .
the area o MoHER HE o, 5R9RR B A olREES U e Ca SR B2 cehfie et ™™
crosses t haopaj ad thb pixelstemggmartedto Bivelcorordinetes (Yhsy aain@ietye woul d start,

as shown in Figure 17. The entire process is shown in Figure 18, which also
shows the left 64, right 65, top 69 and bottom 70 extremties of the area,

as they V‘oltﬂeqieg'?stgﬁigsg%ifﬁl@\g_t@é’ oﬁt@ﬁe@éeggf it}?]i'é}}ae ?k%rch/g ngggﬂ@qﬂl (l)ﬁ%gggéejeé et tom

edge 70 are close ause in each case t as 4 t he
ri ght 28dgeuntiTte ddgt tofist arcayl ismerckdd. df theordge of didl @rayi isetshed whktowithds y WO

03/ 071484 PCT/ GB03/,00004, 26 .coordi nate, = 6 .and | ne.coJumm to the right
of the | of B0 ML IEIAES 488 Torhanre Wi Prstredst B eratr s n il

pi xel s is d&Batatel h y-coordinate = 20 and is one colum to the right of
the rightndst extremty 65. The topnobst row 73 of correctable

As shown in Figure 16, the starting point for following the edge of the area is.the pixel
25 64 on the previous row where the transition was found, so the first step is to move to the
pixel 66 immediately above it (or below it, depending on the direction). The next action
is then to move towards the centre of the area 67 if the pixel’s value 66 is below the
threshold, as shown in Figure 16a, or towards the outside of the area 68 if the pixel 66 is
above the threshold, as shown in Figure 16b, unﬁl the threshold is crossed. The pixel

30 reached is then the starting point for the next move.

The process of moving to the next row, followed by one or more moves inwards or
outwards continues until there are no more rows to examine (in which case the area is
not isolated), or until the search for the left-hand edge crosses the point where the search

35  for the right-hand edge would start, as shown in Figure 17.

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



pixels is that wth x-coordinate = 6 and is one row down fromthe point 69
at which the 5 left edge passes the right edge. The bottom nost row 74 of
correctabwe opioxeBs is that with x-coordinate = 22 and i sPomgGBodmoawp from
the point 70 at which the left edge ggsses the right edge. Having
successfully discovered the extremti of the area in phase 3, phase 4 now
10 checks that the area is essentially circular. This is done by using a
circle 75 Cvmég@t%FaWériSi®et mu@néattgfﬁ regght tiethe ieftaiostt @ﬁ@@ét}’bé‘%/ weBle t he

| ef t noSt t u and _ st 74
rows to dgélé%%ﬁgb In(r:nzf Of ed%le )?dls ?ggg}aég’?[fﬁr Coor:‘a"glte B rr%\n Sggexam ne,

as shown icolufringter the Hght Eh&lecmgmin@sﬂ&meﬁn@l @ﬂ:eldlesopmbmbwl 13 oﬁ&fﬁdc@b?eﬁ i's
m dway between the | eftnost 71 and rightnost 72 colums and the 15 topnost

73 and boPPsh skt with ¥-gepsdingle Fopa¢ i 185@% o dowen Foreths paint AP at vhehdhs cul ar
area 73 g‘i'e%ﬁl)e@fe gésiléssihfe taea %Hee[foﬁt oéﬂ 1w 7Bao\feco?r§ %%?Jls 5 ﬁ%t shown

in Figur the ar aSSI led as circu

not ed t hatwithi ncodtrdmatzase ,22tdmd i€ emk rrew 7fp ﬁbnt the wiintcV@ ai svhivht the reft kdgsane
position as g)tgwgl %ltre 8 of the highlight. Following the identification
of the pr&8Eft t&%&%nt of each red area, a search can be made for
duplicate and overlapping features. If the sanme or simlar circular areas
75 are identified when starting fromtwo distinct highlight starting
points 8, Ham;rg suvees’:sﬁgh'l digmwr%thcmtrbmitieak@nthtmrbeeirdphasbo3 ghesnglow ed- eye

featur Thi cessar because.the s rLenovi n e f.eat ur es
descri §ed E%C @‘ Frt ﬁsé%m;ﬁéfct‘rcpﬁ‘ i@gés %8?8 btyh‘éf‘r‘fl%%ecmﬁ &I"Yhé’ﬁ‘f f or
any parti Qwr@éteﬁ@dh@geeateea;fun@tw&mtaﬁtesttk@wte&pttféu@hm@,@ctﬁ heptiphtaRsMst be
removed fromthe conplete list of red-eye features. 30 In addition, it may

be that twelugirsf epdepriesai/drand botlemFmasid’ v vehtor é@télimuap'Wf@%kbth@]tSHérthe This
can occur c\é\? ta% %l?'ég'a%goo 7‘3&& g aar esﬁgwﬁ V\ﬁsﬁ rg @a‘l\’ﬂe 81rc FIS rﬁ?alcgtjir(:l e 75

shown in er m ne al eas OVG

si tuati on tha 1Wﬂjeﬁtlﬂe 79495 ﬁﬁdwimbﬁwbé‘rpﬂhaﬂﬁdnwt%Sand&@ghhnbﬁmﬂghﬁxﬁhsaeﬁﬁi(mé ated
circle, are close to each other, the circles (}/\D 03/071484 PCT/ (B03/ 00004 27
may ovér | 4ppmest Raandoketior-siast 74 maiws- s & ek a0 Yr efsthgmaxely within Whevaiculeaused

by red-eygye, ?ﬂ“ﬂm\&l\ﬁﬁé 85 f?edbé%té?)nfe&%l%r@é %gg%\f%l&eofel hﬂﬁ%%eﬂ Flg‘m‘gr Ei%ar €

al so a few cases area i's’i ed twce - because
5 two sepdbvathe afeaabtbeehasmﬁealas drealad@sect ed as highlights, g| ving two
different starting points,

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

20  the centre 8 of the highlight.

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

removed from the complete list of red-eye features.

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

more isolated areas, each having an associated circle, are close to each other, the circles



as descri bed above. Sonetines, different starting points conbined wth the
shape of the area will confuse the area detection, causing it to give two
di f f erentwoesioits4 for the same area. The result is agai nPCRGEISO@YE ed,
over|l apping features. In such cases it is safer to delete themboth than
attenpt to correct either of them 102The al gorithmto renove duplicate and
over |l apping regions works as follows. It is supplied with a |ist of

regi ons, thyowgHamhitdiasibeen fandtted . suflo feabmehaneedinost riemert damsdd st redeeye,
decision is de as t et her that . .region should be copied to a second
list. If ﬁn(}%f%%resqoéhof% ‘Efsﬁﬂ‘iﬂér?e&l}g}lﬁ%éﬁcg anot her one, neither of the two
regions will be copied to the 15 second list. If two identical regions are
found (with the sane centre and radius), only the first one will be

copi ed. WiBarealF alsogt & cpsss thsresihgiemedires it idgafificdomder epshiapt §ecaushe
second.l i ul LN. 0 non: i - ry I -eg] . The
2 gort g st IR SRR, BRSSP ERbORS, 2
regi on seas désciibedvaticde. Sbmetigbs, idifferehtsstarfiog paintd dvineissovitinthe shape-afdbat i cal
red- eye region 25 if such a region could not be found searcg backwar ds

t hrough t &3 Wiskcon§se dhe age dete@rm; ARSHIS it fysine itwarhf?eé%rlté@séﬂtﬁ Qi tBhsape | f
such a region t UE egy t :

o dupl { cored Tgrcon e RdIpRE oAt fEet SB! Qlnlesde Il safer g,

red- eye f elateter themarogh jthechgednipo tooscerdebgitlief of thensum of their radii is
greater than the distance between their centres. Follow ng the renoval of
dupl i 9te and overl apping features, the list of red-eye features 1is

further fitdcesieghii tdechenPYdlicHe Ade8%erPhingUrdbRInedesd¥s skilws.ones. 40
WO 03/ 071484 PCT/ GB03/ 00004
supplied with a list of regions, through which it iterates. For each region in the list, a
decision is made as to whether that region should be copied to a second list. If a region
is found which overlaps another one, neither of the two regions will be copied to the
15  second list. If two identical regions are found (with the same centre and radius), only

the first one will be copied. When all regions in the supplied list have been examined,

the second list will contain only non-duplicate, non-overlapping regions.

The algorithm can be expressed in pseudocode as follows:

20
for each red-eye region
search forwards through the list for an intersecting, non-identical red-
eye region
25 if such a region could not be found
search backwards through the list for an intersecting or
identical red-eye region
if such a region could not be found
30 add the current region to the de-duplicated region list
end if
end if

end for

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

greater than the distance between their centres.

Following the removal of duplicate and overlapping features, the list of red-eye features
is further filtered by the removal of areas not surrounded by skin tones.
40



28 In nost cases, red-eye features wll be surrounded on nost sides by
skin-col oured areas. Dressing-up, face painting and so on are exceptions,
but can gepesalisgs be treated as wunusual enough to risk diPSTaIRIBIOEO4

" Skin-coloured” nmay seemlike a rather broad term as there are a | ot of
different skin tones that can be chang®d in various ways by different 5
lighting conditions. However, if unusual lighting conditions are ignored

t he r ange llmmostuaess, ofd-gkifeataek owill bd sara@asled sn quist gided by skl colanatd ahdak.e

illumnation can vary a.l ot, aturation is. generally not_high.
Fur t her noEossEERe TASPHRIRE ARG R A0 116 SHEsnloRS: Bt o gencighy JRaisa & ski n

in all hupBimal tdvRigHeRsisk MiRirdidie BkENEN6@LA0RaH96Sn MRE aMRMKESYd t&ff ect
re

the hue. 10 People fromdiffering ions, races and environments nay

possess sk therowres Lol afilifferest dhdiytodiesibat candecbhugedtin oariowsrdaysdyyi different

condi t Lons, ., exposure to .sunlight. and gengtic variation na | so affect the
appar ent 1§thn Foql—al(l)%n\%réovﬁ\éeg’n tuﬁl}l%qa?;lggté%??r}(ﬁ%mﬁﬁ% 1gr}9r¥daﬁz|e rﬁﬁ%‘ﬁps kin
fall withihgesos peiaidoldured1arda®ué lgaN@aimifdd, andGliR PlunfinAR, czﬁhuﬁarg_fa gtin. is
15 general |y between 220 and 255 or 0 and 30 (both inclusive). The

sat ur at i ofefiErtipgas generallyseot digh. Weurdherpose sinee 2 pigtn Memeniols desportiels far e i n
the red p t i | S; | 1 S..I nabl e
to di or epariied Sradfaf MIARS, RGN E o tud Biefifheiol oes bol rebGARPLY

20 since rédetapiehness caused by a flashlight, subjects' faces are likely to
be illumnated with a sufficient amount of white light for their skin tones
to fallﬁ into the range described above. In the final stage of red-eye

det ecti on.p.ghy @§Rakrthal r@gi&lsflgaec§§%rggagﬁggﬁa?&%ﬁn@ﬁp&éseése&nt s Ryfgper  of

ski n-col oured pi xels are di'scar n- col oured pixels
occurs | atvsibly dispargde oclessiobeealisedich]l conddtionss etfusuiens pmatiglorandf geaetic
conparativel.y.l arge nhu r.of ixels, so. it is therefare best perfornmed as
Fow 11 mes At BRE B Ag SeriBs Pt acloptr R RTcl TaBraly aRBie e ryur o
20, for ea@hupehemd Al v_(ri%ﬂn%ys?eéiﬁ@,tﬂh%w AngYUBLE RERDFOL2SSHIESHsAR is t he
red-eye area 75 is exanmi ned. The square area 77 has a side of length three
ti mes lbhe geaérahpbetiveoh 22hand @45y & widr I Gowtbincsivepi bk sawiationns 6@ osquar e
area 77 aN&s B ns%r%eas%glemnoc§£9r7v]vgr%g, }Ilauce:yageB 9n3/th()eor% 4pa%tgof the spectrum and

saturation is not high.

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

above.

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

performance.

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

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



will contribute to the final result, including those inside the red-eye
circle 75. For a feature to be classified as a red-eye feature, the

f ol | owi ngwoma@748oHNns nust be met: Channel Condition PropoPCIr@aBo3ms220<
Hue < 255, or 0 < Hue <_ 30 70% Sa&gration Saturation <_ 160 70% 5 The
third col um shows what proportion of “the total nunber of pixels within the
area nust fulfil the condition. The various stages of red-eye detection

are shown vals cantribyig ohtetfinah resulfuinslgling these insidq Rgaledese wcheleder doriaon of

the centrgl, DLYSLSi8sPhe pisxaerled-vé”yéPeitaglrégﬁ%]%%%%ﬁn-@cpo%fs %-tu%plge HQ Type 3

n

hi ghl i ghts; as 'shown in Firgures élo on o ese central

pi xels 8 are stored in a list of potential highlight |ocations. Pass 2

i nvol ves the renmoval fromthe list of adjacent and |linear highlights. Pass
3 invol ves the ddtdtAghati okoiliohe presence and ext BHROBIONt he red area

around each cent rgl. pi xel 822@}1%@%5@%%9?%9@3@0 t9pek9. Pass 4 involves
the renoval of overﬁ appi ng red-eye features fromthe [ist. Pass 5 involves

the 15 renoval datireadnur esSatofatisherieonded by skin tonex, as shown in
Figure 20. Once detection is conplete, red-eye correction is carried out on
the features left inthe Ilist. 20 Red-eye correction is based on the

scores.gi ven 1.0,each pi.xel during the | tifi .on of. he. preasence and
oxtent Sof odbif GOERAENSSS DA RSl HERE GG BERPG et R ARERE
ci rcl e 75 mgendlfifthedomditibh@e end of this process are corrected, and the
magni tude of the correction for each pixel is determ ned by that pixel's
score. Pixels near the edge of the area 75 have |ower scores, enabling the

correcti Onfh%%aﬂ@u%%t%&%q r@:&'—e%@dét%@ioﬁ%% M 88 ﬁgwgr%lgﬁ'in %mlu?e ﬂ.nin;ssfeS the

chances of a visible’transition between correcte non--corrected
pi xel s. Thhwlvesuhel deteotkorioftit weatral gkl B ady pitdl evithio rowoTyheel ,Chypee bedl ar ea.

The pixels wthin the circle 75 are corrected as foll ows: 03/,071484
PCT/ G83) Jd@eéq@&l@%ﬁw@m 1BYRs it@ﬁt ff%sg{qaaﬂ@ﬁ heseconirgipixels § age ( 1-

(0.06 x ( LtcteBHOY Kathk %%hﬁéla}ﬁémfgm loeRtidHs APLD FivdRQs RGBSR WAl HRNist 64,

el se no change The new [1ghtness of the pixel is directly and linearly

rel at ed t ofiatimcedaneé liasa*i}ggtétghtm Rabe3 imeles thaddteronngfonmfdisepresenandnéxt ent

of the redex?ern?gft 2 re _8}@’2 alro%nglegalr ceen%'rgl pilxgl ’%Q%' (?vlvﬁ in Figures 10 to 19. Pass 4
involves the removal of overlapping red-eye features from the list. Pass 5 involves the

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

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

list.

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

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

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

The pixels within the circle 75 are corrected as follows:



t he higher the pixel's score, the closer to the centre of the area it nust
be, and the darker 5 it will be made. No pixels are nade conpl etely bl ack
because iwoha®7taeen found that correction | ooks nore nat ®calGBuUstohonery
dark (as opposed to bl ack) pixels. Pixels with |ower scores have |ess of
their lightness taken away. These are>Phe ones that will border the

hi ghlight, the iris or the eyelid. The fornmer two are usually lighter than
the eventual Chamar of tJeerection ected pupil. 10 For the saturation channel,

the aimis not;to conpletely de-saturat he phxgl effectively
renovi ng al l hIr1 i re&‘1 %B?ﬁsit 1,gHt8§ Sextél siqués%ali& i(Ltas{]cﬁie))r)educe it. The
acconpanyi ng deghdase | nif Sghtafiess 1parkdnySdtakesn s@reeled navelkdngg t he red hue

| ess apparent-darker red will stand out |ess than a bright, vibrant red.
However, nodifying 15 the lightness on its own may not be enough, so all

pi xel s wit : ' f .. Ok e 4 o i I ced to
4. These Thoase e B UR pREEAHAR and MR APl BB AR BARLTE L
appr eci at elttdriatativhef praaicenudierteat oftiic bel abaagsdwminsiigtre li3ndh \gederal,
requirenments,. Thi s npans that the maxinum satuyration within t corrected
area is 1 e higher éﬁ?lxﬁrﬁé‘f%e’tth%? O%F%t}}?a‘iﬁﬁr‘éﬁfg‘ﬁa?aﬁf 51’11?{}3% %ﬁlﬁtdéﬂ(eénd up
Wi th as20 ;sakihathee, W@?i){éﬁr Qfglﬁﬂa&edoﬁ}%léta IR E@é%s,e-ri*t":hﬁs b&sohad kita very

subtle nottled appearance to the pupil, ere all pixels are close to

bl ack but dolrectEon koks thereoitatal evithi very dadk (eobpprased ke blagk) aes Powtdwithat
this is a close match for w non-red-eyes look. 1t wll b ot. t hat the
e channdb"FSSHEE MU 1 LB NG CarFeetT B L ee Hetanprestet EBRlE 1o
nove the ph¥@lghSightthetifis dpeenSeli@rBR BiméMeosRe ahiaupidier HesNas svéntudl educed
by darkenin ghe pi xel and reducing its saturation. It will be appreciated

t hat the @utof gre avpgeied papidt correction nodul e can be inplemented
separ tOeI y. For exanple, the detection nodule could be placed in a digital
30 canera or simlar, and detect red-eye features and provide a list of the

| ocati on Ofort the SRV dA3EKkhaR4I8 4hdeith GBR3! O RBhpRicl{ artianestehe pixel REakogr aph
is taken. The correction npdule could then be applied after the picture is
downl oadedeffectnely memexingr all thints elorgsufiem ithhbutmia yabstantialy diedece: 8- ke

i nvention i r. of: n S r : R Wiol e ijgmge,
. , t 1
al t hough i ?Crc\?\n%%)?&grgg%%% a féléﬁ%gst b%%gstea}(ésig%‘}&lgdgg g?%gfg par %%o %ngglgrrage
to whi ch rgpasmededtectddonilli ssaridaoud esafiahiaddight, ofibrextanthl Elojuestr, modifgingn
cont ai ni ng _faces. i . . )
15 the lightness on its own may not be enough, so all pixels with a saturation of more than
100 have their saturation reduced to 64. These numbers have been found to give the
best results, but it will be appreciated that the exact numbers may be changed to suit
individual requirements. This means that the maximum saturation within the corrected
area is 100, but any pixels that were particularly highly saturated end up with a
20  saturation considerably below the maximum. This results in a very subtle mottled
appearance to the pupil, where all pixels are close to black but there is a detectable hint

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

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

by darkening the pixel and reducing its saturation.

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

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



This woul d cut down on the processing required. If a whole inmage is
processed, no user input is required. Furthernore, the nethod does not
need to bwopanfwetly accurate. If red-eye reduction is pecrtaBmdoon a
feature not caused by red-eye, it is unlikely that a 10 user would notice
the difference. Since the red-eye det@étion al gorithm searches for light,
hi ghly saturated points before searching for areas of red, the nethod

wor ks par tféatwreawhyn aphbtogiaph i REG. cBinpeeesston modalgesukintternbhaplitd aftat s

where col Qur .i s encode t | ow resolution. 15 The detection of different
types of %ﬁwqfﬁﬁ%@ﬂ$g83%%gPﬁﬂ£%ﬁ%ﬁ%@ O%?mﬁPéﬁ?ed-eye features being
detected. It will be appreciated that variations fromthe above descri bed

enbodi ments may still 20 fall within the scope of the invention. For
exanpl e, tThe mrthotberchedingwethe dosotiohpvides A nvafer ehadvanteggredpierks @yaes, for
whi ch the reflection.fr the retina.le [ reagi on. . For

i a8, R Bl RSB MR 5 ikl e e R BRRE ot R d eI

accor di ng vigch hal-dyeveatdtivn ey Heeapptied fop eeanpleGustiDfegidil sorgdih@et facdsndeed,
the initial search for highlights rather than a region of a particul ar hue
makes t he Thit Weddent dewn op Bng proessting reapied i Hi vkely impga isprosesssd, RpessEt i ng

non-red a%ﬁo{?li? é@%ﬂé&y ?ém?ngﬁ{otr&etﬁ%iﬂéoﬁt {lﬁg rﬁ%h ?gﬂl‘ JIBS%t e Ial:éﬁr?t?.e Jiy

descri bed -eye atures’in region 1s located in
t he centr aedbtyd heductdsh Byprformedbon. feddomence catded byetta@ge, itvis wnldkelyl thawwor k f or
red-eyﬁ features whgose highlight region is off-centre, or even at the 30
edge df t mserRepld aghiemthe WBfN671484 PCT/ GBO3/ 00004 32 CLAIMS: 1. A net hod
of detecting red-eye features in a digital imge, conprising: identifying
pupil regions in the inmage, a pupil region conprising: 5 a first saturation
peak adj ackme thefred-sye éetewionfalgdrehpugshichesefyir dight; durghly satngtedogoants befiwe e

pi xel s havi ng, a hi gher sat tion.than pixels | di.atel y tside the
Dupi | r egi GHEniedat firas SRrc Ad BROpEIrRuP HLEHETE CRCurn BB PeRes pupi |
regi on CORpbsSiHAGIRFFoRkatiWhereRiokak & dhaydddtht a 16w g&8utat uration than
pi xel 515 10 i nmedi ately outside the pupil region; and

The detection of different types of highlight improves the chances of all red-eye features

being detected. A'

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

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

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

30  edge of the red region.



a saturation trough between the first and second saturation peaks, the
saturation trough conprising one or nore pixels having a | ower saturation
than thewpioget=sin the first and second saturation peaksPCaraBod@oms m ni ng
whet her each pupil region corresponds_to part of a red-eye feature 15 on
the basis of further selection criter?d. 2. A nethod as clainmed in claim1
wherein the step of identifying a pupil' region includes confirmng that
all of th€LAIR:s between a first peak pixel having the highest saturation
in the first saturation peak and a second peak pixel having the highest 20
saturation in the second saturation peak have a | ower saturation than the

hi gher of 1t he AsattHe@bf @sctiaf rédieyd fehitesand dsgabiilhgecakmpisied:s. 3. A met hod
as claimed in claiml1l or 2, wherein the step of identifying a pupil region

i ncl udes confi Mentifyingerrilgegiorein thatmegcat BIRL BEY PR UPi | regi on has a
25 i | / .m | imed i
satyration va ”eatﬁ%t%ﬂyﬁa&@éﬁg% %{ﬂi}eﬁ??ﬁ}’sﬁe e ofthe ﬁ\lﬁieﬁ?& &%rﬂsﬁi In

claiml, 2 or 3, wheérei entifying a p regl o udes:
confirm ng thabn@opimeet pixelst hwifg 4 sigheatatnativonhqmepikelhdmnsedsadlyroatsiden val ue
hi gher 30 than its _lightness value; and confirm ng that a pixel in the
second sat ur at t$PUpEAREPRHS a saturation value higher than its |ightness

val ue. WO 03/ 071484a%@lén@ﬁﬁ(x&ﬁ&?‘be?@iagjac ,tpﬁggﬁﬂda&g‘él & RPN ARYon

preceding claim wherein the stepo entifying a pupil region includes:
confirm ng thatomppsingl onemedinatre| yixelat badeg t hehighgi Isatuegioon theas paxels

saturation value |ower than . its lLightness value. 5 6. A nethod as cl ai ned
in an@ pr ecedi mﬂQ@OW‘BF&Wu@Hég@PW@f identifying a pupil region
includes: confirm ng &haktich BbXE bbthebRehs EHU Al RBodd SMERtBRApedkss FIr at i on
value lower than its lightness value. 10 7. A nethod as clained in any
precedi ng cl ai spturtiondiongh lkemptisipg ohe od ervre piKelsghaying a lower saturation than

the pixels in the first and second saturation peaks; and

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

15  on the basis of further selection criteria.

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

saturations of the first and second peak pixels.

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

25  saturation value below a predetermined value.

4, A method as claimed in claim 1, 2 or 3, wherein the step of identifying a pupil
region includes:
confirming that a pixel in the first saturation peak has a saturation value higher
30 than its lightness value; and
confirming that a pixel in the second saturation peak has a saturation value

higher than its lightness value.



pupil region includes: confirmng that a pixel in the saturation trough has
a lightness value greater than or equal to about 100. 15 8. A nethod as
cl ai mred iwoanyp7psecedi ng claim wherein the step of identiPCyigrp3mooopupi |
region includes: confirmng that a pixel in the saturation trough has a hue
greater than or equal to about 220 o3| ess than or equal to about 10. 20
9. A nethod of detecting red-eye features in a digital inmage, conprising:

i denti fyi Ag pupi inethediasrdaiingd iheny pregediby chiar whete therstep elovewifypigxel s
with a prede reerrri nedl afaturati on profile, and confirm ng that selected

pi xel s wi PAPN BHAL"FOW® have |ightness val ues satisfying predetermn ned
condi tions; andorXimfes ehavi pixel whekdiefelyeaebidpuhe lpupgegion 4Rk hespatis t o
part of a red-eye feature on the basis of further selection criteria. 10.
A net hod oflugéavesithangitylightespe valsgt ures in a digital inmage, conprising:

i denti gyi ng pupil regions in the imge, a pupil region including a row of
pi xel s 30 conprising: a first pixel having a |ightness val ue | ower than

t hat of tlee pi ¥emethodrsdilatnelyintaay iptedief tc]aiMOwhidledty idSstePATIIERBNPINY0D04 34
a second pixel having . a |lightness val ue higher than that of the pixel

i mredi ateIPVPEEFgFQ%mF]é‘fi?S,‘ a third pixel having a |ightness value | ower than
that of the pi Hg%g{ : i tiy : L ing a
| i ght ness val u)éSS t|1rgigllfl1le t tg texhé% glgfsgﬁlﬁzlet%%itiogg H%ia?magaﬁl%ﬁg%le] a%(b)xiél‘%%ﬂlﬁgr%t ;
wher ei n t his lighimsss vadecond, third and fourth pixels are identified in that
or der en searching along the row of pixels fromthe left; and

det er dni ng whet her each pupil region corresponds to part of a red-eye

feature 710 o Hhendeesi Qaidedfitrdnh) Hreceing iR whetdig kstep of identifying a
pupil region includes:
confirming that a pixel in the saturation trough has a lightness value greater than

or equal to about 100.

15
8. A method as claimed in any preceding claim, wherein the step of identifying a
pupil region includes:
confirming that a pixel in the saturation trough has a hue greater than or equal to
about 220 or less than or equal to about 10.
20
9. A method of detecting red-eye features in a digital image, comprising:
identifying pupil regions in the image by searching for a row of pixels with a
predetermined saturation profile, and confirming that selected pixels within that row
have lightness values satisfying predetermined conditions; and
25 determining whether each pupil region corresponds to part of a red-eye feature

on the basis of further selection criteria.

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

immediately to its left;



11. A method as clained in claim10, wherein the first pixel has a

| i ght ness value at |east about 20 | ower than that of the pixel imediately
to its | ewD,03n8second pi xel has a |ightness value at | @estGrRbooi4 30

hi gher than that of the pixel imediately to its left, the 15 third pi xel
has a |ightness value at | east about 3% [ower than that of the pi xel
imediately to its left, and the fourth pixel has a |ightness val ue at

| east about 20 hi ghersecardapixehhavieg at hghtpesgetalyarhigtirathahythaioof the pixek . 12.
A nmet hod as cl aj ! l.ai,m,10 or 11, wherein the row of pixels in the
pupil 20 regi gmngf%%ée??ﬁl%s}%al%’l east two pixels each having a saturation

val ue differing by atthirgagikelab@uhg 30 lighewsd batue obwehehq xielt éfhrdedpiekly to
its left, one of the at | east two pixels having a higher saturation val ue
than its |eft Hamgdatlyiedettadd anot her of the at Ieast two pixels having
a satugation value |

t I f | Oy d as
claimed in claim 10?0@?ﬁgrﬂ}g‘g,ﬁﬁneér gi 1‘}@@%&596{&@1& ﬁ%ﬁ%@;ﬁ%@%ﬁﬁ%@&?ﬁgpﬂ rst
pi xel and the fmnrtiatgy toeks lafis a hue greater than about 220 or |ess than
about 10. 14. A nmethod of detectjng red-eye features in.a digital |nage,
conmprising: i deKEGH %eﬁﬁstmegﬁwﬁghfg ?%ﬁ%&r% DREIY HE kiged Hb&dnaﬁ%rdﬁ WBFT wi t h
a subst aniialli}e hefg BR AU rpntidighahe R2L i@t 1 on and |ightness val ues than
pi xels in the r%gi ORsS therearound; and déterm ni ng whet her each highlight
regi on corr espdetgsninmgwhethef eashmagileygon fceatipoadoiv pareobasedexsf fepture her
sel ec;bon crd'l%lﬁria.f V@OB/ 07t1484.tPCT/ GB03/ 00004 35 15. A nethod as cl ai ned
in cl APm PR he st udh e sgIactiqn chitefla. ni ghi i ght regi on nust have a hue above
about 210 or bel ow about 10. 5 16. A nethod as clainmed in any of clains 1
to 13, further conprising identifyi single pixel as a reference pixel

ng a

for each ildent i methodusic aimg@iroﬁ_amﬂg, whereintbel figss pixehharetilighiness aplwe a4 or
15, further rhshng identifyi a sinagl | X8 [ ( i xel for
onch 1 dendrt BoheEifen Bt of MO oot LsRacl KAl 187, RelEBURRETER K, '

wher ei n t highfresd Piie stElb@e bbain 30rHiiest ittani thetl ofdRe pitel @imtdiately tohistibrtht her e
is an isolated area of correctable Fi xel s _around the reference  pixel, a

cor r edbablteirginissl Bast psightargs cowRA ef derst oPowuéld loaenrthan dhatanlfhs PIXeyht ness
to enabl Eim?nerd‘r)aqa? X&its &% %ol P&eﬁpagla' lf‘g%tr{egs LAl a2 hbout 20 hi gher

than that of the pixel immediately to its left.

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

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

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

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

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

feature on the basis of further selection criteria.



15 19. A nethod as clainmed in claim18, including determ ning whether the
isolated area of correctable pixels is substantially circular. 20. A

nmet hod aswolaiomed4in cl ai m 18 or 19, wherein a pixel is clraggiBu3mdooas 20
correctable if its hue is greater than or equal to about 220 or |ess than
or equal to about 10. 21. A nethod asdclained in claim18, 19 or 20,
wherein a pixel is classified as correctable if its saturation is greater
than about 80. 25 22. A rret hod as clainmed in clai m 18, 19, 20 or 21,

wherein a.pi xel cl,assi f re tab t ness ... s s than
hent 5001555 ° minkabraR gl B2l R0 SROE0LEpuls b Bed BERLEER SIS ERS
conpri si n%av@@h@teetb@t/%mtﬁ@mmmgw dober®.i s a red-eye feature present

around a reference pixel in the digital image, by determ ning whether
there is an isol ated, substantially circular area of correctable pixels

ar oundt he er ef %agg&%dpas&?tlﬁea iRlehr PG 6 35 Shlhed %rgéﬁl?lgrja’egt%%“% .

PCT/ GB83 004 correcta as a hue greater

about 220 soigld sigd ak hasfecance@ixal for @achaidentifieiupd regibnir at i on greater than
about 8 0, and a lightness | ess than about 200. 24, A nethod as clained in
any of claims 18 to 23, including determning the extent 5 of the isolated

area of cqnt ectables,l XelSmein oy OO A%l AITRE: L RQHBIRiRE e AL ud ng

identifying a circ havi ng a I anmet er correspo tent” of the
i sol at ed qmmamarafmenmpmdlfer packedentidind high&gkirmgionng that a red-eye feature
IS prﬁ ent only if nore than a predetermined 10 proportion of pixels

falli é within the circle are classified as correctable. 26. A nethod as

clai med i ngcl ai AMpgdhodMiedigintedt e dpsete blfefin etk RIMBOEdIE@RAn! Bit@ROWEINaO %
1527. A net hod as clainmed in any of clainms 18 to 26, includi ng@al | ocating a

score to a&tﬂnmpuugwhptheamem isap ipdflatpd reRofzpacieble pixeledreneth rpfiexasice t he
scor e of i.xe det.erm ped fromthe nber of.. corr |xels in
The cer ofiBiE con Al Ty D AR PR ShiHich E AP sy

pi xel . 20 e8bleA ro®EPOEbrARi6h & Bgbplied € BbMpidl. wherel n the extent of the
array 1of pixels is a

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

area of correctable pixels is substantially circular.

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

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

correctable if its saturation is greater than about 80.

25
22. A method as claimed in claim 18, 19, 20 or 21, wherein a pixel is classified as
correctable if its lightness is less than about 200.
23. A method of detecting red-eye features in a digital image, comprising:

30 determining whether there is a red-eye feature present around a reference pixel

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

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



predeterm ned factor greater than the extent of the highlight region or
pupil region.. 29. A nethod as clainmed in claim27 or 28, including

i denti fyiwgoan7aege pi xel being the first pixel having aPStTaBo3foaioaw a
predeterm ned threshold found by searching 25 along a row of pixels
starting fromthe reference pixel. 3036A method as claimed in claim 29,
wherein if the score of the reference pixel is below the predeterm ned

t hr eshol d corrpriatdedf gHhap ar huengreatge thonxe| equalety #hwut B3 on lesatthdn er epiakér i s
found havi S ove th r edet ] h .. A met hod as
cl ai med | r‘i‘gg“i‘tgiomg%&%?}g’ééfe#eﬁc aﬁ&ugg‘ét @rﬁ\%&ngﬂg%tnésﬁﬁgsgjt%@eaﬁ’tguﬁogéI in an

adj acent row fromthe edge pixel, WO 03/071484 PCT/ GB03/ 00004 37 noving in

towards the columm containing the reference Ei xel al orhg t he adjacent row

i f the adj¥cent® picthod asglaimed by tfelams tlfdo LhriBelvgIng detsrmininghesgtmnl edge

pi xel ks orf?r?ecigcﬁgteH%YéaQ%cé"rr@(?%lgﬁﬁtggye the threshold, noving out away from
t

the columm contail ni ng e reference pixel along the 5 adjacent rowif the
adj acent pixel has a score above the threshold, until a second edge pixel
i s reached having a w t he. t hreshol 32, met hod CES clainmed in

scor e bel . /
clai m 31, 4ncl GHITRGhEHA ity e 14 ngcly wgetzﬁ’aa@mgeag‘ar 7 kares f
subsequenty; fOWer S8r&Poh@ing qu Nhé et @£ 118E tisd1ABE 80061 Bdedthi@bhiandngdge 10

of the isolated area, until the left edge and right hand edge neet or the
edge of t histcamimyg tha pemdieyd.fe@Bre As petshoid only o mionedhdm acpmietedRinedher ei n

if the edge of .the.array.i.s reached it is .determned that no isol ated area
nas. badn Aoemron st e folids HEARIEE chile i PR A5 el uai no:
identifying the top and bottomrows and furthest |eft and furthest right
colums containing at |east one pixel in the isolated area; identifying a
circle havdtng aA dicilimst asrclamed és plaina L hgvheciniee predeteenined propertiongs gh@tance
bet ween thﬁ)# op and bottomrows and furthest left and furthest right
colums, and a centre nidway between the top and bottomrows and furthest
|l eft and furthest right col ums;

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

pixel and the pixels surrounding that pixel.

20 28. A method as claimed in claim 17, wherein the extent of the array of pixels is a

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

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

25 along a row of pixels starting from the reference pixel.

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

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

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



determning that a red-eye feature is present only if nore than a
predeterm ned proportion of the pixels falling wwthin the circle are

cl assi f i edOas/ozas4 ect abl e. 25 35. A nethod as clai med i n ®CaiGB2H00026 or
34, wherein the pixel at the centre of the circle is defined as the
central pixel of the red-eye feature. 336. A nethod as clained in any of
clainms 18 to 35, including discounting one of two 30 or nore simlar

i sol at ed ar eas maying médwetyle theeetluma cpﬁtagmgjth?w@fetﬂncmrxel slubsﬂwrﬂdﬂaflemy

| | dent f fef f
031 07 1454 10CH BT E000R G55 “ohie EilnbaPEb il 3H A SLEpRIEE B 15

36, incl u¢¢@gem@w§domamytmesﬁ¢1m | ar isol ated areas which overl ap
each other. 38. A nethod as clained in any of clainms 18 to 37, .including

det er i ni ng whEWEE aut svandwn dbg eplugur pRiHBINEGhS Hefarense RikAgalone s ol at ed
r eg' onsof Eéﬁ%ﬁ% &epd@%%%ﬁt @9@1%37 UP{&OLQ% b EHCLELM § de%gn@%a’ rtion

pi xel s havin {Urati on an I ghtness cortesponding to” skin
tones 39pn&lﬁBEhﬁﬂthwﬁgaBﬂEdbdedhaﬂﬁtﬁﬁkimhereln the face region is
approximately three 10 tinmes the extent of the isolated region. 40. A
method as clained in claim38 or 39, wherein a red-eye feature is

dent ] edol 12 R RARAUL JA% 9F (hORPL tBhtif: I0AuHAGERRIAA have
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any precedipgcigdgai m 20 and correcting some or all of the red-eye features
detected. 42. A nethod as clainmed in claimd4l, wherein the step of
correcting a red-eye feature includes reduci ng the saturation of sorre or
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34. A method as claimed in claim 32, including:
identifying the top and bottom rows and furthest left and furthest right columns
containing at least one pixel in the isolated area;
identifying a circle having a diameter corresponding to the greater of the
20  distance between the top and bottom rows and furthest left and furthest right columns,
and a centre midway between the top and bottom rows and furthest left and furthest
right columns;
determining that a red-eye feature is present only if more than a predetermined
proportion of the pixels falling within the circle are classified as correctable.
25
35. A method as claimed in claim 25, 26 or 34, wherein the pixel at the centre of the

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

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

similar isolated areas are identified from different reference pixels.



saturation of that pixel is above a second |evel, the second |evel being

hi gher than the 30 first level. WO 03/071484 PCT/ GB03/00004 39 44. A

met hod aswoloajomas4 i n cl ai m 41, 42 or 43, wherein the stepPoff/GBIBHOE®EI Ng a
red- eye feature includes reducing the |ightness of sonme or all of the
pixels in the red-eye feature. 5 45. 3% met hod of processing a digital

i mage, conprising: detecting a red-eye feature having an isolated area of
correct abb® pi Rehsthadiapglaimed imanyhadcblams didyto 36, gichidirs digcquatiag any agfirci ng
the |ight nes% %%la?%ﬁhegsi xelhi ner{ahee (i:sotilgrt ed area of correctable pixels by a
factor rel JPEGPEFHEEERED 8Y 1P REFPVE 10 46. A method of processing a
digital imge, conprising: detecting a red-eye feature having an isol ated
area of correctable pixels using the nethod of any of claims 27 to 34;
reduci ng Bhe | Pgnethed gs grimubh agy péclaims 48 &9 3 biircludips delstniaing Vogheid dent
with the I f. - i.xel e to the
score of {hartarh prtbyiLklinGARETERLER! RER cPoRe Al Bl MRS ¢ any
pr ecedi ngnoiraiitm diedAetdnalpeposionrafgpexel sreaiingrhtg shtugatohamddr lightresn a
program arranged, when. . 20 executed to carry out the nmethod of any of
clainms | COTEONdDE INkiR Ei%EH| i nege to which has been applied the nethod of
any of clains 1 to 46. 50. A nethod of detecting a red-eye feature as

di scl osed herein with reference to 25 Figures 2 to 9. 51. A nethod of

i denti fyi 3§. t hé\ exthedtas ofairhérbincbaimelst, atheesimthedace regionatlappyeximatdyi theeas

di scl gsed herein with_.ref.erence to Figures 10 to 19. 30 52. A nethod of
corre 5i nGHeE -ee%erfté’gf}l?rlé@atﬁgr%‘%l osed herein.

40. A method as claimed in claim 38 or 39, wherein a red-eye feature is identified if:
more than about 70% of the pixels in the face region have hue greater than or

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

equal to about 160.

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

20 and

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

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

25  feature.

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

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

saturation of that pixel is above a second level, the second level being higher than the
30  first level.
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44. A method as claimed in claim 41, 42 or 43, wherein the step of correcting a red-

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

feature.

45. A method of processing a digital image, comprising;
detecting a red-eye feature having an isolated area of correctable pixels using the

method of any of claims 27 to 34;

reducing the lightness of each pixel in the isolated area of correctable pixels by a

factor related to the score of that pixel.
46. A method of processing a digital image, comprising:

detecting a red-eye feature having an isolated area of correctable pixels using the

method of any of claims 27 to 34;
reducing the lightness of each pixel in a circle substantially coincident with the
isolated area of correctable pixels by a factor related to the score of that pixel.

47.  Apparatus arranged to carry out the method of any preceding claim.

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

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

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

Figures 2 to 9.

51. A method of identifying the extent of the correctable area of a red-eye feature as

disclosed herein with reference to Figures 10 to 19.

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



