WD 03/ 063081 PCT/ GB03/ 00005 1 | MAGE PROCESSI NG TO REMOVE RED- EYE FEATURES
This invention relates to i mage processing to renove red-eye features, and
i n particwlbas/oeiosl t he use of feedback to aid interactive remmombB/ooedosr ed-eye
features froma digital 5 inmage. The phenonenon of red-eye in photographs
is well-known. Wien a flash is used to lilluminate a person (or aninal),
the light is often reflected directly fromthe subject's retina back into
the canera. This cEMAGE PROGESSENG TO BEMOME REFEYE EEATRRES he 10

phot ograph is displayed or printed. Photographs are increasingly stored as
digital images, typically as arrays of pixels, where each pixel is

normal |y repRigaRRh@6h R¥atés ¥4k phRbisthg t6eme0¢ Rl eyl feRfel, MR lpartidhdar e
encoded within the 24-bit valué as three 8-bit val ues representing the

intensity 1% &¢ usedf fgedbank dnchidlinteragidie rammvapiok e¢d-eyy features froml § digitpd
array of. pixels can be transforned so that the 24-bit val ue consists of
three 8-bit"™ V& ues representing "hue", "saturation” and "lightness". Hue
provides a "circular" scale defining the colour, so that O represents red,
wi th the col our passing through green and blue as the_val ue _increases,

back to redTks pbepgmenen of sed-e¥e iy Phatemsaphy inpvabkeovgr hen; hflagisistysedftot he
ol g/ mEs W e :
colour '1:111]% Sl ﬁ%eps\ént(gﬁ a&ﬂ%i)pm%{PéHﬁ§ %gglﬁﬁef%tegecﬁfbcﬁ? flaoms%feclpé the

armount of T'um natiion. By nani on o ese digital 1 mages
possi bl e t oretiadlbaek irhe thd Camnem. oThis eduseyehe sdnédtisacyes vibiapheqnared ovins thhi s

task is well known,. and generally works by altering the 25 pixels of a
red-eye”*ea@ﬁW&gégl?ﬁ%?kgﬁ@PFp?@ﬂdcontent is reduced. Normally they are

| eft as black or dark grey instead. This can be achi eved by reducing the
| i ght ness and/or saturation of the red areas. Mst red-eye reduction

sof t war e r eBuitegrsplisharecienteasnglpdstoradii as sligital darwiges, dplpieglly ke atnaye of Pixelhi ch

is to be manjpul at.ed nd the.sinples rovide this infornption is
for a user PBUEERELPIEhE RaErRIrrsealed dF 2 ottt By the kot & TR A cat e
the radi us ghybbené®Rd vagif thelP4-5it MaRE QS $hrea8-hevaless Rprlehtingrtheakdhsitpd- eye
feature, and the nmanipul ation _ _ .
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 colour, 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

1llumination.

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
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 lightness 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 radius of the red
part. This process can be performed for each red-eye feature, and the manipulation

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



therefore has no effect on the rest of the imge. However, this requires
consi derabl e WO 03/063081 PCT/ GB03/00005 2 input fromthe user, and it is
di ffi cul two®3pés3eppi nt the preci se centre of each red-eye PprCeaiBoB®o00and to
select the correct radius. In an alternative nmethod for identifying and
correcting red-eye features, a user ideAtifies 5 a red-eye to be corrected
by pointing to it with the nouse and clicking. The click triggers a process
whi ch det ecnputt frempthe siserc endyritdisediffeeult tof pinpeinttheaprecish eerdor og@fmcr,ediehen
goes on to erforn&{he1 Cf){precti on i.f a correctable area was found. The

sof t war e A8 {985t REICRTEHS/HES t hat sel ected by the user, to di scover
whet her or not the user has indeed selected part of a red-eye feature.
This can be done by checking to see 10 whether or not the pixels in the
regi on ar ouldintaternativemethgdfpidentifymgamnd gorredtingired-eye fagjuress 8 ssrdderificni t h a
red-eye f ea I i S ] h . I e r IS
determ r? ed,g g‘%\(ﬁe}&eoiror {é%t"é‘éé‘iﬁ%& g(;sxfogﬁtc?flﬁ' g) ft g‘g h? glﬁgé{l\ﬁﬂ%c@? oérllf&gknﬁé?‘h?hcglgk

poi nting t orighérs agyéecesn@hichidetecBgh®prebdnce and exestsdnlye arkd tofbd dvategteds thies
reduces the burden on a user for jdentifyin %nd correcting red-eye
features, a#Pc8|Whithperdprn theycomption Hor coirpetpblearen gvas doued + hEheysdvargs

clicked on &mrﬂﬁe%&h@pix%l?‘gfcﬁ%ﬁ ag_ %Etéa%? bl thd ﬁs%r,%ghg\e@re& Jﬂeﬂ%? ?{) H&tth{)ﬁé}w €,

it will be corrected. no red-eye eature coul fou 0SSl
because t hehagsiadeed| sebdcted pamt afi aaedaye dtataent Hiisicag be danedbyevkeckiegttarsee or
because the software s .nat .ahle to detect.a red-eye feature whj.ch was
or contlf. DSt 106 B i iy BB A GE SFBTeE PRiAb R O RS RGBT n o
di al ogue  bQpsisttRe w8 reflcgBledtit@n It khis §OthiedQ8Y, ithoh thxBANBS {iRakHLfadS @
red-eye feature by clicking in a s[éaljghtly di fferent place. There are

currently ndeterstibrsd gndcomrededinea dendardifarhiarhi D actiam oghea than paanting fodbat i fy
all red-eyes in.a,. I.ick-atnd-correct envi ronnent, which neans that users
nmust accepte}fel‘?gflcpclgp%o?é1§8?F§ssélpé’nent of trial and error in the process.
25 In accordance with a first aspect of the present invention there is
provi ded a nethod of providing feedback to the viewer of a digital inmge

across Mhi cAlthoyshi Hiseredusesnihizabyrden op & mser, fasvidentifyie aid wededbgpiedsyag
i dentifyi ngfe'é&lgés,eéﬁ? el@ﬁlégtl of t{iasaﬁldte%? sfll 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 guarantee 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
providing feedback to the viewer of a digital image across which a pointer is movable
by the viewer, 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 identifying the extent of the

correctable red-eye feature.



predeterm ned di stance fromthe pointer having one or nore paraneters
falling within a 30 predeterm ned range of values, determning if each of
said red-wpaspsiel s formpart of a |arger correctabl e redcayaBBeaioar e, and
indicating to the viewer that said correctable red- eye feature is present.
The met hod preferably al so includes ide%tifying t he extent of the
correctable red-eye feature. WO 03/063081 PCT/ GB03/00005 3 Therefore if an
indication is nmade to the viewer that there is a correctable red-eye
feature in the vicinity of his pointer, he knows that a click with the
pointer inits current 5 position will lead to a red-eye feature being
corrected. THegefsteelf Af indst@nba fiy ntdettbethe adevedtethpi #Rts is"R\cofBatysIBi redlely be
carried out_every tine the pointer is noved. This nmeans that there 1s no
need to corf§etars inyhe Hiskktyfoshisrpinten he knpwy thay a cligawithdke peip@r imids eeedk need
only bem ver Vi) ROl 10 new | ocation. The
presence5 of tsﬁgﬁtyy&%lrllé@gt&qu Ez%{étg@ée?%ggg?%&ﬁ%y be indicated to the viewer
by neans of an audible signal. Alternatively or in addition, a narker nmay
be superinpqgsed over. the red-eye feature. This parker nmay be | arger than
the red- eyeﬂ?ee%tﬁmp I@Btlgfén Beardeyepiels pay eomEpIcaH be raITed oyt sugYdime
obscured byt BEinBAIi0kBYed. Tiis WS halherdR 1B AP Lontlenlly Qnodk BY bWl { he
corrected feature. Alternatively or 1n addition, the shape of t pol nt er
may be changédaye Ténturss, epddhe dedckrmeedionty bd nedeleval toad ther montey mopex &
forns R rt of @ correctable red- 20 eye feature preferably includes

i nvest | @atirﬁ;@v (49 xel s around each identified red-eye pixel 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 mnethod for

i dent i fyi ngl'e prasehoe o the coraentabje redrdygdeatanearay befingigated ththa viaver by dneapse

pi xel is fo t Q. | ong the sa canrectabl e red-eve feature,. only one
red- eye fea(#{]a(r%eau;alsbl‘lpglgp @atlielgfl?%wfg' &ﬁg “3 fhetl\f\)/lel’r aqgt eéinrllad' i SPENEP Osﬁ% e

prevents atthengl-syd Ratufe alles aaek et Gidyed lafe@t tHanahs dEeyerfeduRy® dsealketdige Many
times. The paraneters searched may be sonme or all of hue, saturation and

| i ght nds, ihkdot ko 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 pointer

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 of a
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.



predeterm ned range of values preferably corresponds to the types of red
found in red 30 eye features. Thus preferred enbodi nents of the invention

i nvol ve swarosihsiegi for a red pixel near to the pointer, ardTiGRawIdoFi ng
whet her or not this red pixel forns part of a 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. WO 03/063081 PCT/ GB03/ 00005 4 The
correctable red-eye feature is preferably corrected in response to

sel ection the viewer, far example by a nouse .click. 5 In,accordance

wi th ot her Hepteciable tefieve AT D RTCHENY SOCTeRaVR dEwoas R SIGHonPY g e

to perfor magewst pdxafpdesamhad cieve, and a conputer storage medi um
having stored thereon a program arranged when executed on a processor to
carry out the nethod described above. 10 Thus preferred enbodi nents of the
i nventi@n provide feedback when th S ves a . Npus 0 t he i nter
poi nts b0 Ih AreetfSrREshe" Rpded B SRR R io PRI Dot il B fE el o
The feedbaak pgifyes atnh@hatb8rdescriledaboid)@hé atdodiputdd forapeGhéditim\Malingrsesed t i n
the eye being corrected. This saves tine because the user is not required
to guess orthergR a RegephpraRacd fpha etechicd g RIRSSPOTLS arycRut; the gpetbed ¢ o
perform a I.QQ.. The user can 15 al ways be sure whether or not a click
Wil resul?ﬂ%ﬁﬂ§h5§€V%ction. A further advantage of this approach is that
it is not necessary for the user to zoomin on the picture to accurately
nom nate a i xel -the feedhack will jnformthe en they are close enough.
i m ndfi n ‘ﬁé’ri’{fl&’éﬁd ?@gﬁ@mﬁs of t%wvew&bqaéﬁﬁﬁ%@ﬁ@ Wb gREEROK NG
the zoonmedn¥i@Wo that tlddinttNFSiRRIE in Glehifdi @ 6neal 8 redR8R RASFSHARH can be
embodi ments of the invention wll now be described by way of exanple only
and wit h r efoereetede The fedibacc givaptheynisaga dieanindgmtion thapkaictick willgesudt in the a

schemati c diag;anlshom% gTﬁ.red-gye ;eatur . 25 Fkﬁfre 2 ig{a schenakic
di agr am showerTS TR PEACGe TSP PROYSGBiseiirRt Eiuired &y eSS o mike
several attempts at finding where to click in order to perform a correction. The user can
15  always be sure whether or not a 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;



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 diagram
showi ng awpadwe3pel f eature with a nouse pointer |ocated orCTIGE3MIDS
feature; WO 03/063081 PCT/ GB03/00005 5 Figure 5a is a flow chart show ng
the steps involved in indicating the présence of a red- eye feature to a
user follow ng a nouse novenent; and 5 Figure 5b is a flow chart show ng
the steps involved in correcting a red-eye feature follow ng a nouse

click. Fi e | is aschematic dia how .a. typi.cal d- t 1.
S the centigusa’s AdRpadrTrLoYEIF SopSiP e iRindiRiGE bie MeRRs olbite ¢
"hi ghli ght "eyg foaMiteGH a uSerSHNEWIHBAGHORY mVemeh€@h®n 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 reddi sh hue.

This can r e froma dull w t.0 bright red. .Surroundin he |
Fogion 3 1 g SR & dW gt Shhice Pre bl i RAGHEUPE B4 BB o
the red gl opllbwiigd MeuReudick. region 3. For the purposes of the follow ng

di scussion, 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 . r i reul | 1.5t f pupi nreaqi 3 and
possi bl y sdrgursr! RribYEhlY dBlelor SR iRe ROBICRHICB P Lecklle JPUR Il OB
has avai | abthe fédaturbil rthere oo fiined wiidte eineadn wiste “Biphhight® @, odéth it hleroumdekby

usual Iy by neans of a nouse. Before the i e is displagyed to the viewer it
i s trandf orhigluo ?mspg&_ﬁ%m s|sulv§ctr8@_¢1pg§§m1§dab59nq%t03 rﬁﬂ-sxe; 4t tfigt1 on and
| i ght ness V%MS%gnﬁmgr Ye bialE, Bullen TRUBEyd RafiPY Bk rdolf NEWDOS hibiistOhud e
pointer is noted and a check I1s nmade to determ né whether or not a

possi bl e r ebhieyan fangt droe asiulll goated bright ted. Rerokinding eh@pghbiegionhkis the
situation V‘l’?i%'l, tsglrge P Ialrll%?(zvm?chl r%ayll g}?pae%re% t?ﬂtw })1? Sorie g% fhe rgcfl gﬂ)v& Frgfne%ee pupil

region 3. For the purposes of the following 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

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 centre 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



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. Baohswmbé3oshese pixels is checked in turn to determcmaBod®OdST |t

m ght formpart of a correctable red-eye feature. The 30 above procedure
can be represented by an algorithm as 811 ows: MouseMove( MouseX, MbuseY)
ExtraPi xels = 2 create errpty list of poi nts to check WD 03/063081

PCT/ GB03/ 00005 6 for Q( = ey - E%x aPLxel s to MuseY + Ii'_xtraPl xels for X

= MouseX - ExtraPixel 87t0 g\Zﬁ’“seY A Jﬁé’,{muﬁfmﬁgra‘?ﬁ&;ﬂgls of points

to check 5 next next Det ectAraa(;l | 8troafisp@itNdSniOt£RREK) end MouseMve
10 The dheck is a strai ghtdsstward check of the values of the pixel. If the
val ues are as follow** 220<_ Hue <_ 255, or 0<_ Hue <_ 10, and

Saturation >_ 80, andDet[?étgpgaqgﬁ & gglqts 15 &ban the pixel is "correctable"
and nmight form padnia usaioGOr rectabl e feature. Even if the pixel is part of

the highl i ghtie ElR@kas aZstlasdnOfoRvird che@UOEthE) vdliRrofi the Basel SUF ke VYR drbese
properties, in which case the red-eye feature would still be detected. In

any event, OHPUHI i ght regions are generally so snmall that even if pixels

W t hin them.d Qt h It operties, one of the other pixels
inthe 5 x 5 gzlj@eTHng%?s\t?\ﬂﬁ Tgﬁl? oﬁ?gl?(([:le the 20 hi ghllght region but still

Wi thin the eseds£yatibeatgor sndd, and shoul d therefore have "correctable”
properties, so the feature will still be detected. If any of the pixels
sati sfy theecdnghtnesns2@® set out above, then a check is made to

15  then the pixel is “correctable” and might form part of a correctable feature. Even if the
pixel is part of the highlight region 2 (shown in Figure 1) then it may still have these
properties, in which case the red-eye feature would still be detected. In any event,
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 area 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 determining the existence and extent of an
area so 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, following the edge of the correctable

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



determ ne whether this pixel forns part of a area which m ght be fornmed by
red-eye. 25 This is performed by checking to see whether the pixel is part
of an isowetos@e3ospughly circular, area, nost of whose piPersGBrawerosal ues
satisfying the criteria set out above. _There are a nunber of known net hods
for determining the existence and exten! of an area so this will not be
described in detail here. The check should take account of the fact that
there may ber & the gidai 3himallegitioam, otageee tirnxpiledetamyinad flinkits, 'bc oot eufficiohtdy , 30
somewhere within the.i.sol ated.area corr ondj n 0 the red-eye feature.
One net hod Bf° té‘le'?rftd? Agt R taéﬁtcoﬁf:&%tﬁgregr'@% fltegtufq'l ustrated in Figure 3
and involves noving outwards fromthe starting "correctable" pixel 10
along a row of pixels 11, continuing until a pixel which does not neet the
sel ection cAi signlaa dhiecle is ithem perferimedsstpnting @seagh efotheeethgbipinely eriginally
encount ered. at..the edoe of .t he featur 9 i n i 12,
13 around th(%nté%eégasog g‘f’ﬁesurfffla%grét(ye grae? tﬁl@g é%latftg ’H‘:}%‘SR’?‘% %ﬁaégorgg ';éﬁ%
correct abl efeafirk eliiswilhbt lappreciawddahat i€iatll Qsnpieelerin ehdradginalesridieteewithinatle | f
there is no_enclosed area, WO 03/063081 PCT/ @03/00005 7 or if the area is
smal | er t haffagire pag getected ansyshethetfeatieal bejigentdied 25 types. skiveniif thisisinpt
circular, tRen.l 43 Ok ¥e‘lﬁﬂé hﬁéfﬁe ad%te%teﬁ%%?ecﬁf%ﬁ' &Je?dhfaﬁ@chf Qﬂ:ta%lr, Ghe A
simlar check I's’then perforne tarting at each of the other pixels
originally “&verldppihg’f feathressard disbaunsadf dritit belytdng rémains.ect abl e" that they

m ght formpart of a red-eye feature. It wll be appreciated that if all 25
pi xel s ‘i*n the original grid are within the feature and detected as such,

the featuremifel4 BV IBRL difdaBEh Jheld MRSmolR4Fbitr IdicRated RBlide iRGegRFE. the
sane feature may be detected nore than once.” In such a case, the

"over | appi nigatufecat Sines asvé ke @pidrit schockei lfonerectable piselai aideastignerifghe e 4
Feature 6. THEd0do B BI U BTHe deirarecHIIREN MPYH Dt FUEH 8| UpHEIISE o
e, satur ot on AT e e T B o e i enan (e
above. IPhe det¢rammtedoh thawanfeomtyuassbef@n. t hen be 15 deternined in the sane 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 e An audible 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
rotate.
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.



If a red-eye feature 6 is identified close to the pointer 7 as descri bed
above, the user is infornmed of this fact. The way in this information is
passed t owohe/oemer may include any or all of the foll ow rgTrGBERS00E
feedback: 20 An audible signal A circle and/or crosshair superinposed
over the red-eye feature. It is likely Bhat any indicator such as this
w Il have to be larger than the correctable area itself, which could be
too small tlftzasectheacliyks thedlonse with theypoittor hythist;mifroﬁﬂa byrrectien atposithm

pointer. The i ouI al so nmak e nmoyemnent o i ncrease

D sbil i ¢y S ceuhish amiapnt heogrdosiatie idumd TEavimeein! FolsERoBtPy or ow
and shrink, TiQ¢e PRINARSHE Bf kﬁ&@ﬁhﬁthodﬂlﬁf +OEm %e&-@?@@orﬁgctxéﬁ‘eanﬂ‘atéﬁﬁable
pointer. Since the pointer will be the focus of the user’'s attention, a

change in givagess Wi how sleseibsi] ?hmptqce&@oﬂesef@aeﬁhe aswmé)nme nodthasiefieasraséisgr i bed

above i s sho as 0 n ure 5a..Thi uence of.even

trigger §d (\i\% ¢ nﬁgisg’ rr%%@?fﬁﬁ?mo%v ugre?%%nfﬁgn%“apwr? Oﬁ’grfgf ﬁ@l ﬁ%m WO
03/ 063081 %Ki{e@%{t&o&%t@ phiftichfafly USieH rdgdfNtoCsdfektngt tlhe EESEE t\h_htdan’étted
pointer in this position, a correction algorithm is called which wll

apply a cordextion to the red-eye feature so that it is |ess obvious.

There are a nunber of known nethods for perform ng red-eye correction, and
a suitable process is now described. The process described is, a very

basi ¢ met hoAl seitabtoilgedthinnfyr herred-eey eorreanet it hefodlisivk] ed person wi Il recogni se
that thgre is sco e for refinepent, to. achieve better results, particularly

wth regard to so ﬁfﬁé’tﬁj@xg esh gflrc ;Ef:@frsﬁl@g@ m;‘ Ar €. refbd 15 20 A
sui tabl e al gorithm for.chbeut ed-@ye peailrector of x=ax &ehl ows: for each pi xel

wi thin the circle encl osi ngethéeraturyenr ggkpis 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 adjustment 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 area, 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.



if the saturation of this pixel >= 80 and... the hue of this pixel >= 220
or <= 10 then set the saturation of this pixel to O if the |lightness of
this pi xeW00386808t hen set the |lightness of this pixel torP@T/GBvdoddsend if
end for For each pixel, there are two very straightforward checks, each
with a straightforward action taken as%a consequence: 1. If the pixel is
of medi um or high saturation, and if the hue of the pixel is within 25 the
range of r el seqjhencpiofedvents inevleat inr adreedtieghiredleye féaturetdne shovor dsa flow

saturation is_ .set. to 0" which causes red pixels begone grey., 2.
Fur t her nor éﬁhaftflnteéfgurﬁi%l i8S BRAURNGSY © vagutﬂgg?rﬁh&'}'egsfnquﬁgﬁﬁ%ﬁi BYREk. In
DSt caseSetkidbydht Badrhiing&RkRL.S out the adjustment made as a result of
the first check: “nost pixels in the red-eye region will be turned bl ack.

Those pixels which are 30 not turned black are the ones in and around the

hi ghlight. JThese w have had . any. rednes emoved fr he

reaul t %P’ 4B Rt e gt R oSt aR ST Pyl ATh vy folede .
feature of fuheof@étiRchk&platR] iR &xhsplei8ipatttos tief Hrocéss odtifofifing Chibbeathaye:
after correction 35 is apg@l@l ed to an area, subsequent corrections to the

same area Vihete iRy eorrrstable Eature TIgpsthy| Rodntee addetusear ceild dhery sseeybatyeffackat ur e
is correcteg, i f I g@}ﬁgf r to that feature again, it wll
not be det ecgltdéfél.g t{}%%fig%([){g@dk%e e%@%?’00005 9 The sequence of events
involved in correcting a red-eye feature are shown as a flow chart in
Figure 5b. Thi s sequence of events is. iriggered a "mpuse click" event
returndd byt #HE bsgepreieied éﬁﬁs‘taé‘ﬁ%w@ o té? é@frvm%a?nbt{eﬁeGW%@%twav Stll 3@@
feature coulhialBOQpeVrind aXRALSP FhCetsnfile, R8TREGN iR 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
represented by hue, saturation and lightness values before any further operations 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. Alternatively 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 Dby hue, saturation and lightness.



full correction takes place, for exanple as part of the process of
informng the user that there is a correctable feature near the pointer.
The user wouBmeéioBen see what effect clicking the nouse wpir/dEN®I®A t he
image. 10 It will be appreciated that variations of the above descri bed
embodi nents may still fall wthin the Ktope of the invention. For exanple,
as shown in Figure 1, many features formed by red-eye include a

"hi ghl i ght "ChAIM$e centre. It may therefore be convenient to search for
this highlight in the vicinity of the nouse pointer instead of, or in
addition to, searching for "red" pixels, to determ ne whether or not a
red-eye feature Mngéiﬁo@§fpr$51dﬂfget%8dﬂack kdthie ek Bl dagith] SR TERvhitihe
search for a correctable red-eye feature is triggered by a "nouse
novement " ewemmrmnmmmbkﬂwﬂbeagpwedhngQO@ﬁ@mp@mhér events coul d trlgger

h h, | h I
Tonger than o 20CHHEHE BNk AR TEISE RR Y bl ST Rt el dfpr R forh

descri bed alomey ordelt® mdraggrahters ﬁﬂl&fgamlﬁd aPedebeinirld| randeSofpiakeb;s ar e
represented by hue, saturation and |ightness val ues before any further
operations are GsigrmpRingdl each ofispid IB@'G&?)B’P‘@& forra pattipdta larges C‘i’%eci%’tle Hdnay's
necessary. r gp@ , the 25 pixels of the inmage could be represented by
red, green gﬂﬁé gméglues. The pi xels around the pointer, which are
checked to see iihdichigyg twothk didyeer phattsawf coarectableayd-ef e dature jis presant,dwvitleout

transformed into their hue s%éuratlon and lightness values when this check
is mdd A HE?“UQFVU?%QOHh ERST d be made using predeternined ranges

of red, green and blue, although the required ranges are generally sinpler
if the pixels are represented 30 by hue, saturation and |ightness. WO
03/ 063081 PZT/ GBA3hedodHs iridedliv/iait, 1, Awhetinotie steppobidediifyong thedisdaivet o

the viewer of a.di 0ss. whi.ch a . pointer is novable by the
viewer, t hePHES ot %E%ﬁBPe¥?§3““%t388 F#354 ed- eye pixels |ess than a

predet ermi ned di stance fromthe pointer having one or nore paraneters

faII|ng mnthln a predeterm ned range of val ues;
15 . 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
S. 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.



determining if each of said red-eye pixels formpart of a |arger
correctable red- eye feature; and indicating to the viewer that said
correct abwe meaoeye feature is present, without 10 any f mcrhaBosiomiosr acti on
fromthe viewer. 2. A nethod as clainmed in claim1l, wherein the step of
identifying the red-eye pixels is carriled out every tine the pointer is
noved. 15 3. A nethod as clainmed in claiml or 2, further conprising

i denti fyi ngB.t he Axhethod @b cldimed dorangcpmidding ethirey svhereirt tiree indfcatidn rretthed as
clainmed in claim 2 or 3, wherein the presence .of the_ correctalle
red-eye feaftiVe dcthe Rebeaead & el B S BAEARLUAE ChnEnE s defp ghal .

20 5. A netigedomgrc! aimed in any preceding claim wherein the presence of
the correctable red-eye feature is indicated to the viewer by neans of a
mar ker superinposed over the red-eye feature. 25 6. A nethod as clained in

| ai , [ h ker. is.] h d-. f e
et hoo s o ar e oy Fhaedan AP Bleat IR shilf o Foe e sef B YhEfirf cver

of the preschod &fid tibentigied r Raieabl sixsle dFosie pastabiliaecdrietabite sedi@kei fgtie
correction to the red- 30 eye feature and dj splaying the corrected red-eye
feature. WONOIfEEsTEISHEE hepRrebouomdieack redaeypatikd dO seard} o geipspd acggyn

pr ecedi ng Y reife.t indi Lon i r r of a
correct abl g‘k’l?lg _aél‘ﬁ@%}cég%llsj rhteascl3 r?@?uogglébl%h%&ﬁ%flﬁggaﬁt W}ghféhmgﬁég%%%&eg %ggﬂ? gr . 5
9. A net hodvahsescl ai med in any preceding claim wherein the step of
determining if each of said identified red-eye pixels forns part of a
correctibl e red-eye feature includes investigating the pixels around each

red-eye pixg) toa$8Rh&d s’ MimRd ¢ O8RS 92hR&eintf mMN HBn Bhé rdd0s eRiixetlisStollgye one
or nore paraneters wthin a predeterm ned range of val ues.
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 include 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 16. A method as claimed in claim 15, wherein selection by the viewer comprises a

mouse click.

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



10 10. A nethod as clainmed in claim9, wherein if nore than one red-eye

pi xel is found to belong to the sane correctable red-eye feature, only one
red- eye fwatosmesoss i ndicated to the viewer as being presear/GHB/OMHDS A

met hod as clainmed in any preceding claim wherein the one or nore
paraneters include hue. 12. A nethod asl%l ai ned in any preceding claim
wherein the one or nore paraneters include saturation. 20 13. A nethod as
claimed in any preceding claim wherein the one or nore paraneters include

| i ght ness. : nethod as clainmed in claiml 12 or 13, wherein, t

or adet er mi i - A gerippter Shoried ot PriaB st irstéonet ket PRl MR a i »
red-eye feadxde@tsd od b prodesiol tochrdsot i higlod 6f aiypofRieseditogscl ai m furt her
conprising correcting the correctable red-eye feature in response to
selection by the viewer. 30 16. A nethod as clainmed in claim15, wherein

sel ecti by t hey vi | | .arranged to
per f or m%?heygr'ret h%é{e%aﬁ%%ggﬁgﬁgl %’Fg?%ae% %%%%%8%?@%8@ 0005 12
18. A computer storage nmedi um having stored thereon a program arranged when
executed on a processor to carry out the nethod of any of clains 1 to 16. 5
19. A nethod as described herein with reference to the acconpanying

dr awi ngs.



