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| 1 MAGE PROCESSI NG TO REMOVE RED- EYE FEATURES This invention relates to

i mage processing to renove red-eye features, and in particular to the use
of feedback to aid interactive renoval of red-eye features froma 'digital
5 i mage. The phenonenon of red-eye in photographs is well-known. Wen 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
¢auses the subject's eyes to appear red when the 10 photograph is

di spl ayed or printed. Photographs are increasingly stored as digital
images, typically as arrays of pixels, where each pixel is] 8ojiald006

s o B Zearuo tRVEPO3/06308 A 20 IMMEIBIRSHTERAIER R BALRE., .

i
of red, green and blue for that pixel. Alternatively, the array of pixels
can be Pwiisidsf orned so that the 24-bit velueleonsk st sndivrtllies pr bt «wal ues
r epr esent i "W iftearional seatch epgyiand o b reraitehed | dugsioteres €oties add BbrapnronsT’ GheBring at the begin-
“circul ar "PEEEMEYHEITRT ng the col our, sd™Eelea: giar by ddeRtilarta, with the
col our passing through green and blue as the value increases, back to red
at 255. Saturation provides a neasure of the intensity of the 20 col our
identified by the hue. Lightness can be seen as a neasure of the anmount of
illum nation. By manipul ation of these digital images it is possible to
reduce the effects of red-eye. Software which perforns this task is well
known, and generally works by altering the 25 pixels of a red-eye feature
so that their red content is reduced. Normally they are left as black or
dark grey instead. This can be achieved by reducing the |ightness and/or
saturation of the red areas. Most red-eye reduction software requires the
centre and radius of each red-eye feature 30 which is to be mani pul at ed,
and the sinplest way to provide this information is for a user to select
the central pixel of each red-eye feature and indicate the radius of the
red




part. This process can be perfornmed for each red-eye feature, and the

mani pul ation therefore has no effect on the rest of the i mage. However,
this requires considerable -19 JUL 2006 WD 03/063081 PCT/ GB03/ 00005 2 i nput
fromthe user, and it is difficult to pinpoint the precise centre of each
red-eye feature, and to select the correct radius. In an af Seddbt 2008

met hod for id&¥RP¥85398y and correcting red-eye features, a me®GBIRbOMEIfies
5 a red-eye to be corrected by pointing tq it with the nouse and cli cking.
The click triggers a process which detects the presence and extent of the

area to be corrected, jhe Qgrrection if a
correctabl e area was foungg i@%@%@@éﬁ@%@gﬁé@mmund t hat
sel ected by the user, to discover whether or not the user has indeed
selected part o . -eye feature. This can be done by checking to see 10
whet her or not Erel%vi%%é nsrglftr?s WEEEP T G UfaOYeHed-e fertrey apd indprtigvlar of a
hue (i.e. red) tctnsissbéiiicdickho aid Rtbreye: forbll o redbyd Rhird Srof§ RASE

then the extgntin((l){;c ethe red area is determ ned, and corrected In a stahdard
fashion. No acti o other than pointing to the eye and clicking on it is

necessary. 15 Although this reduces the burden on a user for identifying
and correcting red-eye featurges, .an elenent of trial and error still

exists. Once the LSRR firedeery ipmbeiperppbs is wellpqpney Whe atflasteis uséd tohe

sof tware finds illainafeenpesson, (of knithl),| thdBHE & 585t Bkcrekl difa&lg; %cgn %}éfsu]%j%ﬁt%;iu;"eng

could be found ﬂ(ﬁﬁosgi PI% lc)tgcause tt}g, user clicked in an

a red-eye feat\J'¥ °BF BRIBLEE The TRISrrYET thoviubicsst evableameardied wben the
red- eye feat@ur ephwhigedph 20lisphsedsgs@nrtl), the user is informed by sonme neans,
for exanple, a nessage in a dialogue box. The user might then try to
identify the sanme feature as a red-eye feature by clicking in a slightly

di fferent placelhofigesphs akbeinCredsingit ftdrel Qs H%titﬁpﬂl%gék)s{ tﬁﬁgﬂlﬂég aﬂ%‘s-e&t Vél%is whi ch

can guar ant ee tolieirdenﬁi L%Lal I rﬂj]g' egles in a click-and-correct” envirornnent,
whi ch nmeans  t HATTUEEr SRS OHRL SEPTERPd Praré-bitsvalisndhe celmernf cath pixdlal  and
error in the prmgessencoded within the 24-bit value as three 8-bit values representing the intensity
15  of red, ‘green and blue for that pixel. Alternatively, the array of pixels can be
transformed so that the 24-bit value consists of three 8-bit values representing “hue”,
“saturation” and “lightness”. Hue provides a “circular” scale defining the cblour, SO
that 0 represents red, with the colour pasging through green and blue as the value
increases, back to red at 255. Saturation provides a measure of the intensity of the
20 colour identified by the hue. Lightness can be seen as a measure of the amount of

illumination,

By manipulation of these digital images it is possible to reduce the &ffects of red-gye.
Software which performs this task is well_ known, and generally works by altering the

25  pixels of a red-eye feature so that their red content is reduced. Normally they are left as
black or dark grey instead. This can be achieved by reducing the lighmeés and/or

saturation of the red areas.

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

30 which is to be manipulated, and the simplest way to provide this information is for a
' user to select the central pixel of each red-eye feature and indicate the radivs of the red
7 part. This process can be pgrformed 'for;:each red-eye feature, and the manipulation

therefore has no effect on the rest of the image. However, this requires considerable

»




25 In accordance with a first aspect of the present invention there is
provided a nmethod of providing feedback to the viewer of a digital imge
across which a pointer is novable by the viewer, the nmethod conprising

i dentifying red-eye pixels less than a predetern1ned di st. Lrﬂmﬁthe
pot nter having one or nore paraneters falling within a 30. gghﬁg erm ned
range of val Y¥303%§#ernmining if each of said red-eye pi xePST/EBIHMPart of a
| arger correctable red-eye feature, and iL,ndicating to the viewer that said
correctable red- eye feature is present. The method preferably also

i ncl udes identif t ext ent.. of r tapl e d- f eat

J0L 5006 Wb 03/ 5hL B BEREBa 1o BuB T 1 BPRAR AP pfeclE Seiitor B R e
to the viewer féate, bhkwaclcd tiee cooeetectimbl e red-eye feature in the vicinity
of his pointer, he knows that a click with the pointer in its current 5
position will lead to a red-eye feature being corrected. The step of

I denti fyi ng t hén areﬂteﬁiyitévepneﬂejdsfonﬁyntxfﬁmg/mdloemdﬂygbﬁ ayalfdsanmb Ouker ﬂmmﬁys tinme
t he- p0|nter

an t hat. t ere i.s..no_need ons check
for hosei bl & POB-Eyar BaAREES v RIVAG (D froe MG o BUSHE Mty f e
t he poi nter nDWRfels@ paocesk(i)vhﬁtﬂavﬂe{ee@atamencahﬁ m@seﬂhem@i th%&oﬁéutd’demérabl e
red-eye feature I pdi cated t Vi e nmeans I bl e
signal . Altern&f§yv %1 ‘?rp gﬁ&?‘??cg‘ﬂnl 2 FEF pie H@Ssﬁﬂb@r ﬁﬁ%§@g" er
the red-eye featdsifes ﬂpolﬁelmxkﬁrthmgledmﬂ blyaltegeér tohﬁsfe:otrdn@vhm&cﬁylet theadetir € SO
not oo s obsc 0|nter The

as to ensure 15 it i by the
vi ewer may be B?So\?fi?fgcfe\ﬁt[a pyt o gaé%? %ﬁﬁurf’ hé[hbgo?atne ‘goc?e%{’é’aclh
Altern ?t idveb Y @hethér @]gldu fhé: @ﬁ:ﬂlfstnh &e&b@@ﬁm&indtth@seﬂmtdd;[ﬁiel arerf abh@e greamgpd The
step of determinipng if. each of s -e xels for

correctabl e refonssinbyrih # zdreye deglyres Eretg‘ﬁ I‘%//&‘F e 8‘%‘“‘3%@&{)‘%@? feﬂﬁlela e

pi xel s around @aedmihddendd doirected R0 @yiRlard fashion. No action other than pointing to the

eye and clicking on it is necessary.

15  Although this reduces the burden on a wuser for i'd'entifying and correcting red-eye
features, an element of trial and error still exists. Once the user has clicked on or near a
red-eye feature, if the software finds that feature, it will be corrected. If no red-eye
feature could be found (possibly because the user clicked in an area not containing a

~ red-eye feature, or because the software was not able to detect a red-eye feature which

20  was present), the user is informed by some means, for example, a message in a dialogue
box. The user might then try to identify the same feature as a red-eye feature by clicking
in a slightly different place. There are currently no methods of red-eye detection which
can guafantee to identify all red-eyes in a click-and-correct environment, which means
that users must accept that there is some element of trial and error in the process.

25
In accordance with a first aspect of the present invention there is provided a method of
pr(;viding feedback to the viewer of a digital image across which a pointer is movable
by the viewcr; the method comprising identifying red-eye pixels less than a
predetermined distance from the pointer having one or more parameters falling within a

30  predetermined range of values, determining if each of said red-eye pixels form part of a
larger correctable red-eye feature, and indicating to the viewer that said correctable red-
eye feature is present. The method preferably also includes 1dent1fymg the extent of the

correctable red-eye feature.




pi xel to search for a closed area in which all the pixels have one or nore
paraneters wthin a predeterm ned range of values. This can be done using
any known nethod for identifying a uniformor nearly uniformarea. If nore
than“one red-eye pixel is found to belong to the sane corr whﬂn ﬁm%ed-eye
feat.ure, .only one red-eye feature is indicated to 25 the ei ng
present. Thi SVPPEEHEs attenpts to | ocate and correct forPCmEESHWmE red-eye
feature many tines. The paraneters searchged may be sone or all of hue,
saturation and |lightness, and the predet’erm ned range of val ues preferably
corresponds to the types of red found in red 30 eye features. Thus
preferred enbodi nents of the invention involve searching for a red pixe
near to the pointer, and identifying whet her or not this red pixel forns

part of a |ar If so, then an .indicatjon.,is nmade o the viewer
that if he cli %Egreé? faad‘t indigaion, is] “Badﬁg?/ e vigR s tﬁ% gr‘f‘és E&PF%C&bieawFl €k eye
feature. 1 9 JitatiRORGhMBRIY) eﬁaﬁ)ﬁdmdaclié ER3/16H0 @ Ofick e thOpdimetialk urfd- eye

feature is preferabl orrect onse to selection by the viewer,
for exanple bypgslm%‘gqﬁdt%ﬁregbey?EF@E%%“@&?H’EW ith other aspects of the

invention there is provided apparatus arranged to performa nmethod as
descri bed abov and .c-ogfg.ut ora]?e medi um havi n%?stored t hereon a

r
program arrang eorﬁé HOPEs mey porvgnently b caied ppfeevieRt R
descri bed abOV&e pb&téfhﬂﬁoﬁdﬁﬁﬁfsﬁﬁéinﬁﬂi@ﬁdér%%&e@f tolchitdnfy Slck RR phsRYd de

f eedback when t er ¥%‘§ % e srg ﬁahat the pointer points to an area
i nside or near” fiyé caé‘ﬁf‘és th ke only e gade gsht @Rt B PontiE MoYeT9aC k

gi ves the user nav tlcgin, i ndication that a click will result in the eye

bei ng corrected. This saves tine because the user is not required to guess
or make several attenpts at finding where to click in order to performa

correction. ThEheisedenedT tﬂ@o&bd@ﬂ)}l’érehl%y&féﬁt&re lbgﬁfdlc%d ROhe ReGdribgknehd | ,
result in a cor her dvantadgﬁlen his approach is that it is

f)ect i gﬁi
not necessary Po¥ 3 ‘iﬁ@‘r"‘ %%WF P §h? i IE?fﬁ?fénftYdDe Supeﬂmposed over

the red-eye feature. This marker may be larger than the red-eye feature so as to ensure
15  itis not too small to see or obscured by the pointer. The viewer may be provided with a
preview of the corrected feature. Alternatively or in addition, the shape of the pomter

may be changed.

The step' of determining if each of said red-eye pixels forms part of a correctable red-

20  eye feature preferably includes investigating the pixels around each identified red-eye
pixel to search for a closed area in which all the pixels have one or more parameters

within a predetermined range of values. This can be done using any known method for
identifying a uniform or nearly uniform area. If more than one red-eye pixel is found to
belong to the same correctable red-eye feature, only one red-eye feature is indicated to

25 the viewer as being present. This prevents attempts to locate and correct for the same

red-eye feature many times.

The parameters searched may be some or all of hue, saturation and lightness, and the
predetermined range of values preferably corresponds to the types of red found in red-
30  eye features. Thus preferred embodiments of the invention involve searching for a red
pixel near to the pointer, and identifying whether or not this red pixel forms part ofa
larger red area. If so, then an indication is made to the viewer that if he clicks at that -

point it may be possible to correct a red-eye feature.




accurately nom nate a pixel-the feedback will informthemwhen they are |
cl ose enough. Elimnating the need to zoomin, and consequently the need ‘
to pan around the =zooned view, further increases efficiency. 20 Sone
prefeerred enbodi ments of the invention will now be descri ?ﬁ%s'm of
exanple .only and with reference to the acconpanyi ng draw Y i ch:
Figure 1 is aV&e¥6W8ti c di agram showi ng a red-eye featureXCHEBEYMFe 2 is a
schematic di agram showing a red-eye featyre with a nouse pointer |ocated
within the feature; Figure 3 is a schematic di agram showi ng how t he extent
of the red-eye feature is 30 determned; Figure 4 is a schematic di agram
showi ng a red-eye feature with a nouse pointer |ocated outside the
feature; 1 9 JThe 20R6aMOr&Iy0 3084 PGB oa0a0b inbrefriogse 10 sBlactios ba thd ow
chart show ng t.he s%}er iﬂ ol ved ig. ikndi cating the presence of a red- eye
feature to a uS&F%t Of PEWP e\&yﬁ%ﬁ% "%ovenent; and 5 Figure 5b is a flow
chart showi ng the steps involved in correcting a red-eye. feature
following a_mouse click. .Figure 1 is schemati c di aqr. showi ng a typical
Fed- oye. Tead ur B Apeorigaes ruh afi fevs S G BVPRER e AT OTLY BRORi ¢ o
or nearly whit® peffoghh ngihbd as2iesorbied Bbdvs, ad arcompaiekidiygefediunt RYimRitoded
corresponding to the subject's pupil. In %he absence of red-eye, ttgi
region 3 woul BB? ﬁéﬁr‘i’%‘lﬂbéﬂfﬂgﬁ@ hefy FROGUEFd 00, L §LOSHE0T BataY & ﬁFsm? ‘ﬁfon 3
takes on a redgisghbehusove. This can range froma dull glowto a bright red.
Surrounding the pupil region 3 is the iris 4, sone or all of which may
appear to take on sone of the red glow fromthe pupil _

10 Thus preferred embodiments of the invention provide feedback when the user moves a

mouse so that the pointer points to an area inside or near a red-eye feature which can be
corrected. The feedback gives the user a clear indication that a click will result in the
eye being corrected. This saves time because the user is not required to guess or make
several attempts at finding where to click in order to perform a correction. The user can
15 always be sure whether or nota click will result in a correction. A further advantage of

this approach is that it is not necessary for the user to zoom in on the picture to

accurately nominate a pixel—the feedback will inform them when they are close
enough. Eliminating the need to zoom in, and consequently the need to pan around the

zoomed view, further increases efficiency.

20
Some preferred embodiments of the invention will now be described by way of example
only and with reference to the accompanying drawings, in which:
Figure 1 is a schematic diagram showing a red-eye feature;

25

Figure 2 is a schematic diagram showing a red-eye feature with a mouse pointer located

within the feature;

Figure 3 is a schematic diagram showing how the extent of the red-eye feature is
30  determined;

Figure 4 is a schematic diagram showing a red-eye feature with a mouse pointer located

outside the feature;




region 3. For the purposes of the follow ng discussion, the term"red-eye
feature” will 15 be used to refer generally to the red part of the feature
1 shown in Figure 1. This will generally be a circular (or nearly
circular) region consisting of the pupil region 3 and possi bl of the
iris region 4. Wen a viewer |ooks at the inmage, he has aﬁéth%Jiﬁﬁﬁ him a
poi nt er whi chwoasdet 20 noved over the image, usually byPe®&eBss/wilsa nouse.
Before the image is displayed to the viewer it is transfornmed so that each
pi xel is represented by its hue, saturation and |ightness values. Every
time the nouse is noved, the new position of the pointer is noted and a
check is made to determ ne whether or not a possible red-eye feature is

| ocat ed near by gidRe 5 i9H I8 wahab oSt Be Séds Udiolved inWAiBatinp eheliRéstric8 of 4 reliS

| ocated at the centre of a red-eye feature 6. Agrid of pixels 8 (in this
case 5 pixel s reysiepiusedp & psqr olopingaayseBOYHEHL &4 pointer 7 points to the
pi xel 9 at the centre of the grid 8. Each of these pixels is checked in
turn to determ ne whether it mght formpart of a_correctable red-eye
feature. Thé Jiewmbdvés pilowchent shevere B Sfeébwg@ﬁ@ EHeBEeliie areguye fhias

foll ows: MuseNpvgE EXe cMpusey) ExtraPixels = 2 create enpty |ist of
points to check 1 9 JUL 2006 WO 03/ 063081 PCT/ GB03/00005 6 for Y = Musey -
ExtraPi xel s to Mousey + ExtraPi xels for X = MouseX - ExtraPi xels to MuseX

+ ExtraPixels Fifext is NEREm A hihrany stloRidg! Sfypiehl PR Sachi@ 1CNRGKe centre of
the feature 1 there is often a white or nearly white “highlight” 2, which is surrounded by

10 aregion 3 corresponding to the subject’s pupil. In the absence of red-eye, this region 3

would normally be black, but in a red-eye feature this region 3 takes on a reddish hue.

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

iris 4, some or all of which may appear to take on some of the red glow from the pupil

region 3. For the purposes of the following discussion, the term “red-eye feature” will

15 be used to refer generally fo the red part of the feature 1 shown in Figure 1. This will

generally be a circular (or nearly circular) region consisting of the pupil region 3 and

possibly some of the iris region 4.

When a viewer looks at the image, he has available to him a pointer which can be
20 moved over the image, usually by means of a mouse. Before the image is displayed to
the viewer it is transformed so that each pixel is represented by its hue, saturation and
lightness values. Every time the mouse is moved, the new position of the pointer is
noted and a check is made to determine whether or not a possible red-eye feature is
located nearby.
25
Figure 2 shows the situation when the pointer 7 is located at the cenire of a red-eye
feature 6. A grid of pixels 8 (in this case 5 pixels X 5 pixels) is selected so that the
pointer 7 points to the pixel 9 at the centre of the grid 8. Each of these pixels is checked
in turn to determine whether it might form part of a correctable red-eye feature. The

30  above procedure can be represented by an algorithm as follows:

MouseMove{MouseX, MouseY)
ExtraPixels = 2
create empty list of points to check




Detect Area(list of points to check) end MuseMve 10 The check is a
straightforward check of the values of the pixel. If the values are as
follows: 220 _< Hue <_ 255, or 0 <_ Hue _< 10, and Saturation >_ 80, and
Li ght ness < 200, 15 then the pixel is "correctable" and m ght fom$art of

a correctable feature. Even if the pixel is part of the Hi ghﬂUlg egi on 2
(shown in Fi gif@o3i0p3adhen it may still have these properti esr/ceisbsch case
the red-eye feature would still be detect %d. In any event, highlight

regions are generally so small that even i'f pixels within them do not have
the required properties, one of the other pixels in the 5 x 5 pixel grid
will fall outside the 20 highl ikghly T @BiaBdbteoShidod MiLhiN.ihe red-eye
feature 6, and shoul d theref ofe hawveuseX correet-abd &5 npkapercki:@Sxe150 t he
feature willsstill be detect eEéxtl 29y Yof° tifik opirriics taabécsfy t he conditions
as set out above, then awheck i1s nade to determ ne whether this pixel
forns part of a area which m ght be formed by red-eye. 25 This is perforned
by checking to see V\/r]e%%1 CCHEePRert PEipart <bfkan isol ated, roughly

circular, afga, THOSHecR S 8t tisfyi the criteria
set out above. There are a %unja'gd?d gl?egg\ég%%%%ﬁggs 5t d ?H%H‘?Srf’ée the
exi stence and e¥tlews: of an area so this will not be described in detail

here. The check,s%lﬁ{ﬁ@g%@&%ﬁgeﬂgio the fact that there may be a

hi ghli ght regi on, whose pixelfs may not 'be "correctable", 30 somewhere

Wi thin the isol at ethtwates =c8 areispondi ng to the red-eye feature. One nethod
of determ ning thidg%(éent of the area is illustrated in Figure 3 and

i nvol ves novi n§ $35 2PPom the start i ng "correctable" pixel 10 along a

row of pixels Lihen tigQkdl i FcOBecthBleh hndam%:lxt)(i@hn Eﬁl{ &t &%&am«s’%eaﬁ%?_ﬁavém the
sel ection crlterla] i,S.n 1i classified 35 as correctable) is

encountered at PKE ‘élcﬁ’é‘g of thechighlight segione? Ghowg i Bigped) then dishayl silitheverbess 12,
13 around the eg@gerits, il vhichaly e kaRdyd Batlte WRld QM AOadlRaedgenPlvddie
correctabl e highlight regions are generally so small that even if pixels within them do not have the
required properties, one of the other pixels in the 5 X 5 pixel grid will fall outside the |
20  highlight region but still within the red-eye feature 6, and should therefore have

“correctable” properties, so the feature will still be detected.

If any of the pixels satisfy the conditions as set out above, then a check is made to
determine whether this pixel forms part of a érea which might be formed by red-eye.
25  This is performed by checking to see whether the pixel is part of an isolated, roughly
circular, area, most of whose pixels have values satisfying the criteria set out above.
There are a number of known methods for deténnining the existence and extent of an
area 5o this will not be described in detail here. The check should take account of the
fact that there may be a highlight region, whose pixels may not be “correctable”,

30 somewhere within the isolated area corresponding to the red-eye feature.

One method of determining the extent of the area is illustrated in Figure 3 and involves
moving outwards from the starting “correctable” pixel 10 along a row of pixels 11,
continuing until a pixel which does not meet the selection criteria (i.e. is not classified
35 as correctable) is encountered at the edge of the feature 6. It is then possible to move
12, 13 around the edge of the red-eye feature 6, foliowi’ng the edge of the correctable

pixels until the whole circumference has been determined. If there is no enclosed area,

»




pi xel s until the whole circunference has been determned. If there is no
encl osed area, WO 03/063081 7 1 9 JUL 2006 PCT/ GB03/00005 or if the area is
smal ler than or larger than predetermned limts, or not sufficiently
circular, then it is not identified as a correctable red-eye feature. A
sim.lar check is then perforned starting at each of the qtfep] pi?808l s
originally ‘Swoemaiosfi ed as being sufficiently "correctabbel/cBiabos hey

m ght formpart of a: red-eye feature. It will be appreciated that if all
25 pixels in the original grid are withid the feature and detected as

such, the feature will be identified 25 tines. Even if this is not the
case, the sameof dlothe pesa ipymaler deanetrtlagenbiteredeipimyigd dimitsposypt julficieailye, t he

“overlapping” fgalirs I@rs%oﬂ;d&ﬁmeefaegodm&me&aleyefyae.raenai ns. 10 Figure 4
shows the situation’ ere the nouse pointer is [ocated outside the red-eye

feature 6. Since a 5x5 pi xel grid 8 is checked for correct abl e pixels, at

| east _one of theg rrgfaf( 110 il bR stiedad G (il BY el AL BB have

hue, saturation an Frads s satisfying the conditions out
above. The ®xt eduntifdd asriwlrfgea!tfﬁmelﬂddhwmlebéhat 1By deight feim adrtiof atthdexgane way

as before. If qcea%? ﬁmufb%aag,yre?&a 4 et 'Cljf%%rﬁs' Jxké?@'m%@%ﬁ%lhﬁ %gearé)@lﬁﬂh%{e 7 as

descri bed above e user f this fact
i nformation i s fpassed detectefes wbrthﬁﬁs;amrmlllhbdedeah@ed APrtirpgs| E@@ﬂ ifithes S ob owi ng

means of feedbag kCaP%e rg%nea‘r’él@é Gnas/ tgan@s%tecte'ﬁ‘ rﬁa?rEEl(!l__}aF) and/ of, s%El?%ScQ%I e

superi nposed over eye teature ‘that any
such as this wbverllypieg” ttatiye draﬁlg@runteﬂramtlipﬁeommems able area itself, which
could be t small to see clearly, and/or partly/wholly obscured by the

nouse pointer. The indicator could al so make use of novenent to increase
visibility, foFigure4 shows the situation where the mouse pointer is located outside the red-eye

feature 6, Since a 5x5 pixel grid 8 is checked for correctable pixels, at least one of the
pixels 10 falls within the red-eye feature and may have hue, saturation and lightness
vah.les“satisfying the conditions set out above. The extent of the feature can then be

15  determined in the same way as before.

If a red-eye feature 6 is identified close to the pointer 7 as described above, the user is
informed of this fact. The way in this information is passed to the user may include any
or all of the following means of feedback:
20 # Anaudible signal
e A circle and/or crosshair superimposed over the red-eye feature. It is likely that any
indicator such as this will have to be larger than the correctable area itself, which
could be too small to see clearly, and/or partly/wholly obscured by the mouse
- pointer, The indicator could also make use of movement to increase visibility, for
25 example, the crosshair could be made to repeatedly grow and shrink, or perhaps to
Totate.
e Changing the shape of the mouse pointer. Since the pointer will be the focus of the

user’s attention, a change in shape will be easily noticed.

30  The sequence of events described above is shown as a flow chart in Figure 5a. This
sequence of events is triggered by a “mouse movement” event returned by the operating

system.




25 exanple, the crosshair could be nmade to repeatedly grow and shrink, or
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of this pixel taa0 end if end if

A sujtable algorithm for the red-eye corrector is as follows:

10 for each pixel within the circle enclosing the red-eye region
if the saturation of this pixel >= 80 and.
..the hue of this pixel >= 220 or <= 10 then
set the satiration of this pixel to 0
15 if the lightness -of this pixel < 200 then
' set the lightness of this pixel to 0
end if
end if
end for

20
For each pixel, there are two very straightforward checks, each with a straightforward

action taken as a consequence:

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

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

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

A feature of the correction method is that its effects are not cumulative: after correction
35  is applied to an arca, subsequent corrections to the same area will have no effect. This
also means that after a red-eye feature is corrected, if the mouse is moved near to that

feature again, it will not be detected.




end for 20 For each pixel, there are two very straightforward checks, each
wth a straightforward action taken as a consequence: 1. |If the pixel is
of medium or high saturation, and if the hue of the pixel is within 25 the
rangé of reds, the pixel is de-saturated entirely. In other words,
saturation is set to "0" which causes red pixels to becoyq gypy2008.

Furt her nore, wbos/3ospi xel is dark or of nediumlightness, daafdrodbooddl ack. In
nost cases, this actually cancels out the adjustnent made as a result of
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in Figure 5b. This sequence events Is y 'a "nouse event
returned by t héheepisratdiregtably Seature mBarthp peiieewThé usdneoddrthecice dvhaeelfeey e

feature could %iia&f;ggﬁngﬂi)‘?s@Wﬁﬂetoﬂgﬁe?ﬁlaéﬁ?er before the full correction

t akes place, for e e as part o e’ process of informng the user that
there is a correctable feature near the pointer. The user could then see

appr et at ed’t hat P AntBEEP A ity SPUE ol bR A oabalrendol) o |

fall within the scope of the invention. For examiple, as shown in Figure 1, many features
formed by red-eye include a “highlight” at the centre. It may therefore be convenient to
search for this highlight in the vicinity of the mouse pointer instead of, or in addition to,
searching for “red” pixels, to determine whether or not a red-eye feature might be

15  present.

In the described embodiments the search for a correctable red-eye feature is triggered by
a “mouse movement” event. It will be appreciated that other events could trigger such a
search, for example the mouse pointer staying in one place for longer than a

20  predetermined period of time.

In the embodiments described above, the image is transformed. so that all its pixels are
represeﬁted by hue, saturation and lightness values before any further opera{tions are
performed. It will be appreciated that this is not always necessary. For example, the
25  pixels of the image could be represented by red, green and blue values. The pixels
around the pointer, which are checked to see if they could be part of a red;eye feature,
could be transformed into their hue, saturation and lightness values when this check is
made. Altematively the check could be made using predetermined ranges of red, green
and blue, although the required ranges are generally simpler if the pixels are represented

30 by hue, saturation and lightness.




wi thin the scope of the invention. For exanple, as shown in Figure 1, nmany
features fornmed by red-eye include a "highlight" at the centre. It may

t heref.ore be convenient to search for this highlight in the vicinity of

t he mouse pointer instead of, or in addition to, searching for "red"

pi xel s, to determ ne whether or not a red-eye feature m gﬁtgbﬂJL 2&fﬁpresent
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be transformed int oldeH&YIPg Frdeeye Phtelr 1515 B 2Rtpdsirgrned cliangd fromsthovaeipter hi s
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1 9 JUL 2006 WeyOR4tae3adl PCT/ GB03/ 00005 10 CLAIMS: 1. A nethod of

provi di ng feedback ¢ giﬁé_he viewer of a digital image across which a pointer
is novabl e by the VPEGHS 1@ HE istoR8ut ehemiestaily redmyp deafirg Foypresent wighosy e

pi xel s | esgot hagy arRredat@bizaednéiishance fromthe pointer having one or
nore paraneters falling within a predeterm ned range of val ues;

determining if each of said red-eye pixels formpart of a larger
correctable red- A method as claimed in claim 1, wherein the step of identifying the red-eye

pixels is carried out every time the pointer is moved.

15 3. A method as claimed in claim 1 or 2, further comprising identifying the extent of

the correctable red-eye feature.

4. A method as claimed in claim 1, 2 or 3, wherein the presence of the correctable
red-eye feature is indicated to the viewer by means of an audible signal.

20
5. A method as claimed in any preceding claim, wherein the presence of the
correctable red-eye feature is indicated to the viewer by means of a marker

superimposed over the red-eye feature.

25 6. A method as claimed in claim 5, wherein the marker is larger than the red-eye

feature.

7. A method as claimed in any preceding claim, wherein indication to the viewer of
the presence of the correctable red-eye feature includes making a correction to the red-

30  eye feature and displaying the corrected red-eye feature.




eye feature; and indicating to the viewer that said correctable red-eye
feature is present, without = 10 any further interaction fromthe viewer. 2.
A nmethod as clainmed in claim1, wherein the step of identifying the red-eye
pi xel's is carried out every tinme the pointer is noved. 15 3. A rreidﬂgd as
claimed in claiml or 2, further conprising identifying t he Sextlbnt®UBs  the
correct abl e ro@-upesofieature. 4. A nethod as clained in cl arawdnosBooy 3, '
wherein the presence of the correctable red-eye feature is indicated to
the viewer by nmeans of an audi bl e signal 120 5. A nethod as clained in any

precedi ng cl ai wherein the presence of the correctable red-eye feature
is indicated tgg't he A sthet aE))FPal‘FB%?ngl H1Y Brespaing eilaimg whereinnibe dedicativie fo thhe

red-eye featur eviewdr of the ré¥Biicl Q¥ a *8rr&dtadl R ef e SR iR IR s | gﬁ? rt]hetsh%e'@r ker
is |arger thanntflhe_red-eye feature. 7. A method as claine n an

precedi ng cl ai HPeHH¥Fei n i ndication to the viewer of the presence of the
correctabl e red-eye feature includes naking a correction to the red- 30 eye
feature and displaying the corrected red-eye feature. 1 9 JUL 2006 WO

03/ 063081 PET/ (B03/ G0BYkodiap chimed iy pigcatinaclaimnnebrein thersieppf dgediimiag i€l ai m

wherein the i nga@abf QAd liRerkiitd r-§0CFixQ! e RHeseR SR gﬁ%g%aiﬂge
red-eye feature includes changing the shape of the pointer. . nmet hod
as clai med in dnsfudss Brestienipe dheaiingls avprnd epch redreyegtizsh toofeardle foe e iosddrageaiifc.  each
of said identifyigd LfdreeEiPhig! el Rl COr T -

feature includes i nves?teli){gafi ng %ﬁe&p@gﬁ’g{a@fg&n@ﬂggcah&%&e%%é g‘%%g?é?t o]
search for a clvé8ed area in

10
10. A method as claimed in claim 9, wherein if more than one red-eye pixel is found
to belong to the same correctable red-eye feature, only one red-eye feature is indicated

to the viewer as being present.

15 11. A method as claimed in any preceding claim, wherein the one or more

parameters include hue,

12. A method as claimed in any preceding claim, wherein the one or more
parameters include saturation.

20
13. A method as claimed in any preceding claim, wherein the one or more.

parameters inciude lightness.

14. A method as claimed in claim 11, 12 or 13, wherein the predetermined range of

25 values corresponds to the types of red found in red-eye features.

15. A method as claimed in any preceding claim, further comprising correcting the

correctable red-eye feature in response to selection by the viewer.

30 1e. A method as claimed in claim 15, wherein selection by the viewcr comprises a

mouse click.

17.  Apparatus-arranged to perform the method of any preceding claim.

B




which all the pixels have one or nore paraneters within a predeterm ned
range of values. 10 10. A nethod as clainmed in claim9, wherein if nore
than one red-eye pixel is found to belong to the sane correctable red-eye
feature, only one red-eye feature is indicated to the viewer as being
present. 15 11. A nethod as clained in any preceding claim wherein the one
or nore paraneters include hue. 12. A nethod as clained in any preceding
claim wherein the one or nore paraneters include saturation. 20 13. A
nmet hod as clained in any preceding claim wherein the one or nore :
parameters include Iightness. 14. A method as clainmed in cfd njULl?uﬂﬁz or
13, wherein the predeterm ned range of 25 values corresponds to the types
of red found in red-eye features. 15. A ngthod as clainmed in any preceding
cl-aim further conprising correcting the correctable red-eye feature in
response to selection by the viewer. 30 16. A nethod as clained in claim
15, wherein selection by the viewer conprises a nouse click. 17. Apparatus
arranged to pei8.or ndtchmpntet Fotigofimedinm pavdagesipned théredma plogtand Wrapedevhe 18.
A conput er storage di um havi.ng_st qr. r _ ranged when
egutggg%erl prtogesg(grt garg{f?ut tﬁ% lﬁéﬁ%d%ggn)g?fpcrlﬁ%g g1, ?t?

- executed on a 5? ?y e nmeth any of clainms | to 16.




