Title: 1 MAGE PROCESSI NG TO REMOVE RED- EYE FEATURES [ Conti nued on next page]
Abstract: A nethod of providing feedback to the Arer of a digital i1nmage
across. which a pointer (7) is novable by the viewer conprises identifying
redeye pixels (10) less than a predeterm ned di stance fromthe pointer
having one or nore paranmeters falling wthin a predeterm hd dghgﬂm

of - val ues, and“%gﬁggﬁining i f each of said redeye pixels (»0)cBawonopart of
a larger correctable redeye feature (6).1It is then indicated to the
viewer that the correctable red-eye feature is present, wthout the need

for any further inter ' gé? %%ﬁ%@kgﬁﬁﬁ 3/063081 [9 9 JUL 2006
PCT/ GB03/ 00005 | | MAM ﬁ@ ﬂé’ﬁ% FEREYRER| s i nvention
relates to i mage processing to renove red-eye features, and in particular
h f f . i d. inter [ r al of red-eye features from
; O. Ei i Si ;JZ Ie 05 i %rr‘glg Eﬁ%ﬁu}norelg%cg to m;[agc pargéelsglu?g toergrggve reé)-eye featuregf and in parLl!iculir
to the use of feedback to aid interactive removal of red-eye features from a'digital

5  image.

The phenomenon of red-eye in photographs is well-known. When a flash is used to
illuminate a persen (or animal), the light is often reflected directly from the subject’s
retina back into the camera. This causes the subject’s eyes to appear red when the

10 photograph is displayed or printed.

Photographs are increasingly stored as digital images, typically as arrays of pixels,
where each pixel is normally represented by a 24-bit value. The colour of each pixel
may be encoded 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 thé 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 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 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

»




The phenonmenon 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 causes the

subject's eyes to appear red when the 10 photograph is di[:ri lgﬁﬁdmﬂﬁ
printed.. Phot ographs are increasingly stored as digital in &e -typrcally

as arrays of V%6381 where each pixel is normally repres&t/EBIINP00] 24- bi t
val ue. The col our of each pixel my be ghcoded within the 24-bit val ue as
three 8-bit values representing the intensity 15 of red, green and blue for

that pixel. Alterpativel t he .arr jxel. be transf 0 that
the 20 it val (0o BRey St Sepre i lethioR) (P bURIR. B8 drBs sl ALRH ¢
"saturation" afigtiré, iaghtorselss ‘the dokrectpadosi des a "circul ar” scal e defining the
colour, so that O represents red, with the col our passing through green
and blue as the value increases, back to red at 255. Saturation provides a
measur e of theln ot #Rsiatiye mdthddfer identifrhoand codentihg fddege figanirésea tugeidedtifight ness
can be seen_as a peasure of t nat i on.
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difficult to pf GRS BPeER e ant re of each red-eye feature, and to
select the correct radius. In an alternative nmethod for identifying and

by poi nt | gt oATPoRCRECRESHO S SY B F kTG IRUDEIE i KPR 88 r ocess
whi ch detects Fdagudd| fsaunent oitealend efidr sifl etifie @n@ahd Gebitaselickoe 6i Bicheatdren
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 identifying the extent of the

correctable red-eye feature.




goes on to performthe correction if a correctable area was found. The
software exam nes the pixels around that selected by the user, to discover
whet her or not the user has indeed selected part of a red-eye feature.
Thi s"can be done by checking to see 10 whet her or not the. pgnﬁ} 2Q§ﬁt
regi.on around the selected pixel are of a hue (i.e. red) lst with a
red- eye feat W@ Hhis is the case, then the extent of tPa®GBeuoesea is
determ ned, and corrected in a standard fashion. No action other than
pointing to the eye and clicking on it i's necessary. 15 Although this
reduces the burden on a user for identifying and correcting red-eye
features, an elenment 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 cor e red-ey ure coul d be found SSIb|y
because the user SEF’HQﬁIW'mgwn’F&?dﬁ&?%%oﬂﬁg?wﬁﬂdmﬁe‘?éd”@?%ﬁ eRt§e, or
because t he SOE&M@ERHManmﬁ?OBMkﬁmh@rdek@ﬁﬁtﬁﬂEGﬂﬂﬂMﬂnﬁ@ﬁhﬂ&ﬂnWQHQngo was
present), ge user is. nmeans, for exanple, a message in a

di al ogue ﬁ%onu"%‘grle%t%ﬁfegteﬁéFFa'furF%ef“éCP’H%’FFFI fy the sane feature as a

red-eye feature by cllcklng in aslightly different place. There are
currently no hods H% e d tecthn whi ch can guarantee to identify
all red-eyes i”ﬁ-ﬁ“é“@? pﬁ}gle g erré EYEPITT BRAERRVeniGly s camisd sut eveRttimgser s
must accept t hae golifdres inSved0 Hﬁts&hfﬁﬁﬂhﬁt tBére ts'odeeio GoRkanaY clhddk ftﬁ‘%oﬁfb‘ﬁ?ess
25 In accordanQ% wth a flr%hl ﬁ$§ f the present invention there is
provi ded a netf oey8ffca“5?so\?? A GE SEHRENY P’E)mtaﬂ%e‘(ﬁye%? thgtpoitcmvenic 4 mage
across whi ¢bh anpetditem. i s novable by the viewer, the nmethod conprising
identifying red-eye pixels less than a predeternined di stance fromthe
poi nter having one or nore paraneters falling within a 30 predeterm ned

range of val ueghe ﬂeieﬁmmmnedtawa@mesaé feftade Ghay e uﬂie@te@ toxtﬁé Sieh@bnRasd Of a
| arger correctaple rﬁs %@} ture and ugdlcatln he viewer that said
correctabl e redtanApdies ternatively o n H@nﬁEPN'HTWWQFéﬂﬁﬁﬁw gad oxer

i ncl udes i dent m%ytd‘-l@etﬂ%&ure.xmm‘naﬂ{er iAQ be Gedel @6h BRI&I-dy8 Feab) s RAb Yhisfre 1 9
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of his pointer prehew loifi étwScotrBaéd featblel CAdtomatitely BeinRAHIRGE the dﬁaﬁetoift%oﬁ:ﬁé}t 5
position w |l ag 51 a red-eye feature being correct ed.
may ec angcd

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.




The step of identifying the red-eye pixels nmay conveniently be carried out
every tinme the-pointer is noved. This neans that there is no need to
constantly check for possible red-eye features, and the check need only be
made every time the pointer noves to a 10 new | ocati on. Xgieﬁ[ ﬁm;e of
the correctabl e red-eye feature may be indicated to the vi lp ans

an audi bl e siYh&H05388 t ernatively or in addition, a marker PREpBHED0005
superinposed over the red-eye feature. Jhis mar ker may be | arger than the
red-eye feature so as to ensure 15 it is not too small to see or obscured
by the pointer. The viewer nmay be provided with a preview of the corrected
feature. Alternatively or in addition, the shape of the pointer nay be
changed. The sThkpcwfectdist esdraynifeatpre is paelabhf cosrattel] incdsmeye tpiskledtonfberines part
of a correctabl.e r eat ur.e preferably i ncludes investigating the

pi xel s ar ound gﬁgﬂfgﬁgﬁTwﬁxg&rW%ﬁeg§e pi xel to search for a closed area in

whi ch all the pixels have one or nore paraneters wthin a predeterm ned
range of value Thi.s ca done u ny. known. net h for identifying a
uni form or %1 ﬁ’l 3PoQrignes ¥ F}Pgﬁ’ﬁ%asl’?cfts ??{)tﬂgnfvﬁ‘é’r?ngﬁe © SOUYE BPYES PR UNd to
bel ong to the ®aHoGOi mebbhly desdribdd elyeefmdaubaputanita@rediedhayy steat ure is
indicated to 25 the viewer as es This prevents atte

| ocate and cor PEEP? £ FOFHR a‘ér?ﬂﬁgg “3%8 ?Fé’?eaeoé‘t %P?cﬁ%?fytot‘f% put grgﬁ%rdarret ers

searched may béesayseaggveal | of hue, saturation and Irghtness and the
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 seag ChThg phéfrred eirddimpity of tha@@fentich ﬁrbed@ebwaer whélle ustembidsyd Ng
whet her or not this red EIX6| forns part of a g?£ red are If so, then

an indi cati on PEUSHEE&E BC PR RO (o 4ofEge ipyd °rPé“85F| SOV ICAH g CBS?IH’EC it may
be possi bl e t ocdREted CThafebddackeyiesl tRAtier @ cledr i9didddon2RHIG WER B31 LEEGS the

PCT/ GB03/ 00005 The. correct.ahl e red- ﬁyepfeat re is ' ﬁ%ﬁgy corrected in
response to sefEOEINGFOmsPiedh dhis Sp e BaPsee SHpT & ‘ﬁ’yreé“ 8°%F PrRakes |
accordance W tfvehlhdemis pefiidfmgafhetdls clidhifbideon delfoea teirepticdy iTHedseapmar at us
arranged rforma nethod as descri.bed above and st or age
e Ui hav o SUBRAE SRR 2o DL EP LRGSO b S BHESS
processor to Cefsr 3pp@idth tsh@atniBtihact nedesayifoethealdoy & 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;




10 Thus preferred enbodi ments of the invention provide feedback when the
user noves a nouse 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
cleai indication that a click will result in the eye being corr ed Thi s
saves time because the user is not required to guess or nikk Jl.h%.es

attenpts at fwadssrgosshere to click in order to performa @Grlﬁewuem. The
user can 15 always be sure whether or not_a click will result in a
correction. A further advantage of thi ssapproach is that it is not
necessary for the user to zoomin on the picture to accurately nom nate a
pi xel -the feedback will informthemwhen they are close enough.

Eli minating thegingeesh it @ fARURA ShovARthE Q6 8RR In/indiBRinD @R brésehcpdna AEOUN
the zooned view, further increases efficienc 20 Sone preferred

enbodi ment's of Wﬁ@aW@HPF%fPIWWBWS%‘EOWE%/ Ped by way of example only
and with reference to the acconpanying drawings, in which: Figure 1 is a
schemati c di agram showi ng a red-eye feature; 25 Figure 2 is a schematic

di agr am showi ndrigure &kiisey Hov chertskowing e sterb alVpSith eurectitgch fedEye ffas n t he
feature; Figur qol%dﬁ%ﬁnﬁggp@gl c di agram showi ng how the extent of the
red-eye feature 1's O determned; Figure 4 is a schematic di agram show ng
a red-eye feature with a nouse poi nter located outside the feature; 1 9
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the steps involved 1 n 1ndicating presence of & red- eye feature to a

user foll owi ng the keusd %@éwﬁmawb‘mﬁfgcﬂygﬂﬁ§ “Bighlight 22, imaeendehiin ng

the steps ijvoly sgoﬂ A sﬁo‘i’x@ﬁ%r}gﬂl@sﬁb‘fé@f@%@ﬂ 12 Ao Ub&ncd FrbdWie NGis FegBRUS €
click. Figure £ 787 Schemat i di agram show ng a typi cal red-eye feature 1.

At the centre ofouldipengllyzeflackybut frep eediese Spivenithis rogion B tabes onenrelgisbiet o
"highlight” 2, whigh, aﬁge FULHMARG BYa &@gllereae@maunﬁmg%é @msg;lwymttpe the

subj ect's pupll Int absence of red-eye hi's region normal |y

be bl ack, but iifis 4 sprelorglboffwehich mey anpas 6 ke Shsma R Tob RN Togthe Shpihc.

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




This can range froma dull glowto a bright red. Surrounding the pupil
region 3 is the iris 4, sone or all of which my appear to take on sone of
the red glow fromthe pupil region 3. For the purposes of the follow ng

di scussion, the term"red-eye feature"” will 15 be used to refer rally .
to the red part of the feature 1 shown in Figure 1. This i 81JU lggﬁﬁally be
a circular (oWheAskgtcircul ar) regi on consisting of the meT/bBGﬁgoo@n 3 and
possi bly sone of the iris region 4. Wen %w ewer |ooks at the inmage, he
has available to hima pointer which can be 20 noved over the image,

usual ly by nmeans of a nmouse. Before the image is displayed to the viewer it

is transformed so that eagh vpi ¥ghevi Seicepresented,ly J L, BUg,, saturation and
| i ght ness val ues. Every tine tdrex rousex i-SExpowedls tdeonew: peskiikan of the

pointer is goted and a check_js rdé: t'o*°déferhiramtatterhek or not a

possi bl e red-eye featurede,& [‘Gcat ed near by. 25 Figure 2 shows the
situati on when the p0| nt er is located at the centre of a red-eye feature
6. A grid of pixels Hig'ﬁ_jjf”g*dh@é °E PBI"kR[FS kek) pi xels) is sel ected so

that the pgjntep gheglgl L Serdidhihs LRe t ntre,o rid 8. Each
of these pixels i's ch ei 3 gﬁ Hﬁarng l%%oiggtﬂ%rvr%}%go SRS ? ﬁlﬂsalr%?sm part
of a correctabl Bllpwg- eye feature The 30 above procedure can be

represented by gn gl dh gs) useMove( Mousex, Mousey)
ExtraPi xels = 2 cr ea%gq%np%@y@ﬁdsthgf pdlaaq)s to check 1 9 JUL 2006 WD

03/ 063081 PCT/ CBOB?@@&G&E&OEMd Y = Mousey - ExtraPi xels to Musey +
ExtraPi xel s for MouseX - ExtraPi xels to MouseX + ExtraPi xel s 5 next

next add X, Y t& IIrlglf ?§?<689 'nts to check DetectArea(list of points to
check)  endiMouseMawsild lsTiaen&mek alSmBh SR b&HNES PNREELIC REGIE. Hed PR1VAI UES
of the pixel. | letelhl% p\:g:?tllo the h:gh?lght 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 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,




follows: 220 < Hue < 255, or 0 < Hue < 10, and Saturation >_ 80, and
Li ght ness < 200, 15 then the pixel is "correctable" and might formpart 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 evemr? mmﬂﬂﬂﬁght

regi ons are gaeneyoadoby so snmall that even if pixels withirp hems@b@ooﬂot have
the " required properties, one of the other pixels in the 5 x 5 pixel grid
will fall outside the 20 highlight regiod but still within the red-eye
feature 6, and should therefore have "correctable" properties, so the
feature wi |l storlif thparcgds emalkey thanforgdpargerghan predgiqmained I@a& of i}ﬂtﬁh@me@lydl tions

as set out abO\éﬁcuxérhﬁém}}]@w%@ﬁEnmd@Qso&e&amslpeh%maaﬁrémet her this pixel
forms part of a area m ght be fornmed by réed-eye. 25 This is perforned

by checking to see whether the pixel is part of an isolated, roughly

circular, area, gﬁfgfm eﬂec\ehgstﬁe ngé%drﬁlemmngaak Ussh §@mes£txgngxap%ng%mye“ a

set out above. re are known net hods for ermn
exi stence and edentifrd f@fbeam Svéﬁ@*énﬂs' ‘cpiingotablg’ [that thsy mightdse mabed ajrad- ds@t ail
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hi ghl i ght region, correctab sonewher e
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of det ot M 11 G e £X4E M leak B 18t hileh i otk 1 A & ol

i nvol ves novi ng ou rom the’startin correctabl e” pixel 10 al ong a
row of pixels IYavyerlagporet’ |f¢mlrcﬁgamﬁms¢dunadpmt»iehlymhnl@mamses not neet the

sel ection gditeria (i.e. is not classified 35 as correctable) is
encountered at the edge of the feature 6. It is then possible to nove 12,
13 around the, Ei@gletioﬁhotvneher dthagyre wheratther mowe pbivler awlongfed hefsidelgw rod-exehe

correctabl e

there is no enc %lszﬁd%gltr‘éecgg){%%%@%ggg%%%%%%ﬁt@%&%ﬁ%%I%E)%emé%%S or if
the area is snpikélen0 tdlanwithin tharrgd,lﬁzyet fcatmemnéalmiyeham vex) shmmlmsanddrghnmss
sufficiently circular, then IS ntidfi ct red-eye
feature. A si nYﬁhéﬁs S%tﬁéiérkg ﬁtﬁg ltlons Se %“lrtr?feo estszlfr t%?tﬁ% at egeg ?a% egl bgt her

pi xel s ori t§ naddtgtmined in the same way as beforc

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 th‘e 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.




5 identified as being sufficiently "correctable" that they m ght form part
of a: red-eye feature. It will be appreciated that if all 25 pixels in the
original grid are within the feature and detected as such, the feature
wll be identified. 25 tines. Even if this is not the case, the sane
feature may be detected nore than once. In such a case, thgeg 'jovedbfppi ng"
features are wossoantied until only one remains. 10 Fi gure goldsdgoohe
situation where the nouse pointer is |located outside the red-eye feature
6. Since a 5x5 pixel grid 8 is checked fof correctable pixels, at |east one
of the pixels 10 falls within the red-eye feature and may have hue,
saturation and Iffhgmesdken cligks| themouss with 4 neipterie thiopmdition,are redion algbritaiove.
The extent of t; ] e : ] [ he .sane .way as
berore. 11 a rogeaed SRy Pgh et Rion ty EE TR AR B 0B 7 RIS
descri bed abovelberapec ypenrber of kriomhonathads & peditrmifered-cycidoerestiay, and a kkiiable
information is : | all of.the fqgll ow ng
neans of feedbac §S§g nbﬁn&egkﬁlg{gcgﬁgwg?%ﬁ%lr&g%ng %2%/ ‘erergh }co?le@?do fls1cf”i’5rf’qu“5
superi nposed oved-exchand dw- dyltedf peisonmall regoghise Ithiak dheye ishabpafiy refinesibmatbor

such as this w}J: : rrectable area,itsel f, which
coul d be too anlg F%&g%%slgﬁb%ﬁ%?&ghﬂ%eb%grt(? ??/f;e\%ﬁlgl %/edc%ssgﬁtp%aorbe&?kfihe
nouse poi nt er.arsghe i ndi cator coul d al so make use of nobvenent to increase
visibility, for 25 exanple, the crosshair could be nmade to repeatedly grow
and shrink, or perhaps to rotate. Changing the shape of the nouse

poi nter. Si nce A étalopigorithmipt the ted-eyheprfecionis apfollblve  user's attention, a

change in sfpape Wi || :he..@asidy «Nakd 6Rdei-3Q LB 58A4ENCE f . gugnts descri bed
above is shown as a fl owighae tsajupatfingerr enibaixelhi=Ss0 &@quence of events i s

triggered by a "nouse ITDV’éWEﬁte""f% ' P.i’ﬁeét’ﬁrjgnﬁgfsblg PHbepperati ng system WO
he

YPén 4
03/ 063081 8 1 9 JUL 2006 PCT/ &B03 d6058 1} Y& thén clicks the nouse

with the poiSnter in this positf om lighoesrectiiopiahgordotdsm is called which
will apply a correction to theg rgd°byee FERIMGFe SRl t° 9s | ess obvi ous.

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.




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 c.method of correcting 5 red-eye, and the skilled person will recognise
that there is scope for refinement to achieve better results, particularly
with regard to softening the edges of the corrected ar eat 0A JeLi 10861 e

al gorithm f orwDh&osesd- eye corrector is as follows: 10 for ma@kopies@l W thin
the circle enclosing the red-eye region if the saturation of this pixel >=
80 and... ...the hue of this pixel >= 220 or <= 10 then set the saturation
of this pixel to 0 15 if the Iightness of this pixel < 200 then set the

| i ght ness of t hiP§ spiureqe af svents kxyelved inceperesting agpdteyeofeald® 4o shavaces pilovel |
there are two w84y iis IOt T @ C | st raj or d
action taken as a coﬁggﬂncglﬁwﬁeﬁ&?ﬂg@ﬁtgg Qigé\ér%bﬁeadi%ﬁsgwﬁ%i Sﬁ%
saturation, andetimed hethpopergsingsytenpi xel 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 becone grey. 2. Furthernore, if the pixel is
dark or of #ediAupreyipyhf the syrected ref-¢ye fepfuae fould atsorbe displagaiste she ustribsforaheial | y

i xel s in the fage eyStdiiilos FRCS AkmbEatbh: @lcibeen b irBEfe wl Rl are
30 not turned Hheseis mewrectalle dpatere insarathel peintsundhe heer byl thephdee wHaesfieci | |
have had any r gg-gﬁg so the result is an eye with a
dar k bl ack pupiCF n e%&%?@g?g‘;\%ﬁ%mﬂgeehﬁ%ehl ight. A feature of the correction
nmethod is that its effects are not cunul ative: after correction 35 is
applied toqan , rrect ; he,. s rea, W || . no
e R e P L

nmouse i s noved widhrthe ecophef the imgntinone Rogakamipld, bs shoin in dligue 1 dedngdtandes 1 9
JUL 2006

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.




WO 03/ 063081 PCT/ GB03/ 00005 The sequence of events involved in correcting a
red-eye feature are shown as a flow chart in Figure 5b. This sequence of
events is triggered by a "nmouse click" event returned by the operating
system 5 A preview of the corrected red-eye feature could @Iso gﬁ

di spl ayed to the user before the full correction takes plla8elUls d0Bexanpl e
as part of tHEOPHWEBEs of informing the user that there irsT@BeINOGCt abl e
feature near the pointer. The user couldléhen see what effect clicking the
nouse will have on the inmage. 10 It will "be appreciated that variations of

t he above descr/ nbodi nents may still fall wthin the scope of the
i nvention. For ‘e, as shown in Figure 1, many features fornmed by
red-eye include a "highlight" at the centre It may therefore be convenient
to search for th| s, hi hI| e, Vi Ci he rmouse poi nter instead
of, or in addition fd® Q§lé’ Pf?ﬁ’i#‘tﬁgfc‘ﬁbm‘rt@ ‘?")’FéPéad‘EBalé@%@raﬁﬁoﬁseWerft her or

not a red-eye fpea;teufsendvagabybtewekér [HeQ8&MHd. cotn ngulgée descri bed enbodl ment s
t he search for a correctable red- e?/e feature Is trleggered by a "nouse
moverment " event. |t O§FTYingsedsy pEEisalps dhita predeiprayined \disange éf@@I He. peinigher

such a sear chhafifd orRamaledalRRt ARG Mhmta%ed%feﬁﬁﬁh&&ahg% o?PQudl ace for
-longer than a 20 &redeterm ned period of tinme. In the enbodi nents

descri bed above, RS lif§acpr°z§ﬁ§fi 5dniyg PEslstipra past of 4 lpsgenpopastableyed-

repr esent ed byepy@am@amdr ation and I i ght ness val ues before any further
operations are per_fgrrred [t wll agf preciated that this is not always
necessary. For exanP ‘éatmﬁﬁ‘éth?E}”eb‘iekg}a‘ss cqtreablergeye Gete Bersepreident ed by

red, green 1gnda§)}ﬁ§ghém{t@1e&mn'ﬁlaeltgé%e‘k,§f around the pointer, which are
checked to see if they could be part of a red-eye feature, could be

transforned into their hue, saturation and |ightness val ues when thi.s check

is made. AltepnatiXehithdd® Sh@ek it Qs 1 bRhIRAdISENSF HE&HﬁB@'&H@:@&’QyJ anges
of red, green and blue, although the requi red ranges are generally sinpler

if the pixels BF&ESissgmied apheery tims hgpoiier s mavedr ati on and | i ght ness 19 JuL
2006 WO 03/063081 PCT/ GB03/ 00005 10 CLAIMS: 1. A nethod of providing

feedback to_the viewer of a digital inmage across which a
15 3 A method as claimed in claim 1 or 2, further comprising 1dent1f5qng 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.




pointer is novable by the viewer, the nmethod conprising: 5 identifying
red-eye pixels | ess than a predeterm ned di stance fromthe pointer having
one or. nore paraneters falling within a predeterm ned range of val ues;
determning if each of said red-eye pixels formpart of a I%Lger 0
correctabl e red- eye feature; and indicating to the vi ewer { that) sglﬁ
correctabl e re@eypetfieature is present, without 10 any furdiegoeshnber action
fromthe viewer. 2. A nmethod as clainmed in claim1l, wherein the step of
identifying the red-eye pixels is carri éd out every tine the pointer is
moved. 15 3. A jret hod a%PSIained inclaiml or 2, further qor_rpr_isingllq
i denti fying theext énfrelipd af slaimpes e ppyapeeeding qlaige whersinythe indicatign frethhod as
clai med in cl aivider o tHRMprédencteh @bRedidbf ﬂé&-@%@f&&&&ﬁd&&é@ ol ifng,ft‘xteasmp%_of
red-eye feature is _indicated to the viewer by nmeans of an audi bl e "si gnal .
20 5. A met hod HEPUMEE med in any preceding claim wherein the presence of
the <correctable red-eye feature is indicated to the viewer by neans of a
mar ker superi@gosed over the red-eye feature. 25 6. A nethod as clainmed in
[

claim5, wherein t hé mehakss dasmedingay prepingtdpmy ey the stepaf detemining A
method as ¢l al fegh b AEIBKEELIDGCHRIMOHRGLA! 8 & MAREANO Rl [Dfury! SWer
of the presence of the correctabl’'e Ted-eye feature i1ncludes ﬁlng a
correction to tih@dudepivesggatingshefmixaluarenndicachdid preayichty schreh 6ok chstdedtarind- eye

feature. 1 9 IWid00P (OO RAAOHE RGH) CRAORA0G Y Fone i IRIDGD o1 21 T

in any preceding claim ‘wherein the indication to t Vi ewer o
presence of a d8Weectabl e red-eye feature includes changing the shape of
the pointerjg 5 9. A nmethod as clainmed in any preceding claim wherein the
step of determning if each of said identified red-eye pixels forns part
of a correct abll8 r e§-msfodrag gleigad in plaist Uddsreinif motei thpat dnn gedtdye pizebiefosndar ound
each red-eye piggliodgo HA%mb c&%qta%lcclje&éfegfeﬁﬁr%?oﬂl ?e%-%pe é%tllretip%d&t)e(c? s

a prede e ge o

have one or nore par anmet ers w thin term ran
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




values. 10 10. A nethod as clained 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 method 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 nethod as
claimed in any preceding claim wherein the one or nore paraneters include
lightness. 14. A method as clainmed in claim11l, 12 or 13, wherein @ﬁe
predeterm ned range of 25 values corresponds to the typesic{)‘]tlb.d2 und in
red-eye features. 15. A nethod as clainmed in any preceding claim further
conprising correcting the correctable rgg-eye feature:in response to
selection by the viewer. 30 16. A nethod as clainmed in claim15, wherein
selection by the viewer conprises a nouse click. 17. Apparatus arranged to
performthe nethod of any preceding claim 1 9 JUL 2006 12 18. A conputer
st orage medi umibavi Agosipotee stotage medinng bpringystoned dharemmge grogeen arangséd othed on a

processor to carry ot , bhe. Tetod: ol A @lodtk Ay Br daikd 1 $616




