WO 01/ 61648 PCT/ GB01/ 00504 1 Visual Attention System This invention
relates to a systemfor |ocating salient objects contained within a static
i mge or a video sequence, particularly, but not exclusively, for use by an
i mage S5YOMMHESsi on system The human visual eye-brain pREEHEBILMS0SYSt em
is very good at identifying the nost 4nportant features of a scene with
which it is presented, or the identification of objects that are different
in sone respect fromthe background or surroundi ng popul ation, wthout the
prior training required of nosyisadltAbentiod SS¥ehens. However, there are sone
10 applications where automation 1s desirable, for exanple where the work
is very repetitive and the volune of data is very large. A particular
exanpl e is the thASRGGHHLAReIfEs FRLLRBm fTBking 5?5@13&%8&9% d Qithflentify
cancerous cells. In such situations, where a’large “nunber of sanpl es have
t 0 be i nspictimdganda ansrekquescamarticatagly, butmotrenciotisay.ver usapy ahemagee
inatt%ntic\(/)e re%Snld (s?\/sgzerl ook the very feature being searched for. 15 A system
t hat aut orma |caP'ilyy| déntifies distinctive objects in an i mage woul d al so

be desirabl e f dhemanynotduar e@uUbRISEGcephdl set@fins fetyng@dddgnbédiif@at iten of t he
| ocation of the principal subject in a visual scene, the design and

| ocat i on TSt IRPYFARRETAHES PhASCenenYith svich & rssented 9rothe | idediisgtiomer

expensi vepefARa hACAifibRnt il sBle r@pett (AR theHaS Rir&¥n CHLLRBEM ing F@ﬂu?atti'oﬂ,g
systens for gauging visual attention extract previously specified 20

f eat ur es Withoyt the prigutrainingt reqsiradyof mest ewtomiatedrsysttme rblowagegherandt: fomen trai n

cl assifi . . ] . to identify areas of .high attention.
Shooddt  Ebideflof wideHiiBhal WOEISPAbId, ol ABRbIe WheR! itk iy VeV rdHEIRLL T e

sear ched ahothd volthe of dagds verydafpeva pudtiosdyr edbmpleanid ingpetawvh \bf siddicalmat eri al
that has little ﬁi m'Iarit?'{Ri i th_that used Ho design and test the system
Par adoxi CAFfYy "R Fellt pRdgr @?P%Fi‘f‘cﬁré’uf 68! %ﬂBn%lFtblﬁguat“@“EJeWP?iérﬂ [argeed as
such by 20mBer 6dafpibsHsé &be FHPELIEY HidedonlisCark 88! § Guman SHESTRBhE

conput ati onal resource in order to process the pre-selected features and
nor eover begfinae Pattentive.iand puerdenk the vaip deatyrp heing searcheddorscope of the procedure
i s extended an - : o Jmorty of. i e
conpr Sasi on_ ayor DneHbg AurERicH £ BRARE it ARG B mSRP WOREE

i mages wibkkearablerfet maty othappuepsscarfor atapinitie idensficoiosa tofirtie lo2Qioamfigreessi on

uality. Known variable.rate conpression systens cannot. automatical |
9 y prmm\pl)vzrﬁ sugject mna v1suai scene,rme 8e51gn and l%catlon of information signs, and as a y

substitute for lengthy and expensive human factors trials of visual display equipment.
Existing systems for gauging visual attention extract previously specified
20  features (e.g. colour, intensity, orientation) from images, and then train classifiers (e.g.
neural networks) to identify areas of high attention. These trainable models rely heavily
on the selection of the features to be searched for in the image, and have no way of
handling new visual material that has little similarity with that used to design and test the
system. Paradoxically, a feature may simply be too anomalous to be identified as such by
25  atrained system. Such systems also require considerable computational resource in order
to process the pre-selected features and moreover this burden increases without limit as

the scope of the procedure is extended and more features are added.

The majority of known image compression systems have the disadvantage
that they can only compress images with a constant compression rate and thus constant
30 compression quality. Known variable rate compression systems cannot automatically

vary the compression rate according to the regions of interest in the image. In most cases,



vary the conpression rate according to the regions of interest in the
i mage. In nost cases, WD 01/61648 PCT/BA /00504 2 it would be sufficient

to conpr regions of interest with high quality eSS|ng
t he restgﬁﬁ)ﬁﬂg%lnage (such as the background) with Iomfgtgﬁ ?y on

conpression quality and inmage file si2e are dependent upon each other thls
woul d reduce the total ampunt of space required for the conpressed inage
file. One of the techniques 5 used by professional Wb designers is to

si npl y biltuyouldebeh sufkigieniu i compicangely tsafops eof imisngst ovig! hight ﬂ'emtmwlhleJ PEG.
This for d u reduci n
he amoufg B Tipfcasac ane PuRCIar S B BN A fou BOIRE ohBH Bsg 2uet 10
pr e- pr oc easgdssidrequaligyanddmapafile sizeers dependangeporegich bteE this woehlhedacteby up to

30% dep ndi ng on the anmount .of blurrin ared n-bl urred i mag

B ut 1 o TERGLaTgan s shamdeduregdpy e SoBHr I EHer G148 RichEIRERHE SNt he
| mages it ygEqait p@etss@ﬁa{ave@amgherssmeeuﬁlsxyhﬁumqaé bhaci@bud. of hapds hifeleur €
Experts Group is worKki on_a new i mage conpression standard, JPEG 2000,

whi ch al g@nmeassmgsthgme\&ith JPEG: Teigiferses BF baskespunst tojhe Mageginsok eonEiahisess t hem
th hi
W ! gtb%%s lﬂ@r#&u&f&hﬁ@aﬁlg&t o‘??& ho{pattlztﬁréqﬂag:?es lmmgfgbﬁlﬁg%cor ding to

identificatio ions o0 erest 1s sti
t he i nveptetncdstedr thai svayr cani bact theiredtbrage méqlmeochSSiedgced by sipalo 30%mge, for

identifyin reas of visual ttentlon qompr s .of: storlng an
| mmge asendnE 2y B apeat ¢ SiekB ot RBPRERaFRe® Birleimit ot

pi xehg fppRbAdR iy bourthtdndive a6 iae%] IngPorX @, imagt RChighgnONRAvOENHRNE

nei ghbour sequences of pixels neighbouring the test pixel; selecting

conpar i sERACHIKRS ¥orl €eighe array; identifying a sequence of pixels
nei ghbouri ng aJo?&'ﬁ&hFedE,e@?emep% Rhokilg orhevlqu{age c§1ﬂﬂ§s§1@r§9§§&a‘rd’e

positional relationships to the conparlson pi xel as a sel ected
nei ghboufPE@Glehoeridf alpd alddves slpagf)tlmg telgeons @étmg\e%en 1m@g§=mb<ar:q>mgessrieemm ues of

e Sel S RRRRRERH, pASSHETEE oD bR bR b TR once
Vi suad ak@eﬂﬁbonué@ﬁ1£ﬁﬂhamesknpler, |n dependence upon
According to the invention there is provided a method of processing a visual
image, for identitying areas of visual attention, comprising the steps of:
storing an image as an array of pixels, each pixel having a value;
selecting test pixels from the array,
20 for each test pixel, selecting one or more neighbour sequences of pixels
neighbouring the test pixel;
selecting comparison pixels from the array;
identifying a sequence of pixels neighbouring a selected comparison pixel
having the same respective positional relationships to the comparison pixel as a selected
25 neighbour sequence of pixels has to the test pixel;
comparing the values of the selected neighbour sequence with the values of the
identified sequence in accordance with a predetermined match criterion,
generating a measure of visual attention for each test pixel, in dependence upon
the number of comparisons made for that test pixel for which the comparison results in a

30 mismatch.

The method may also be applied to a sequence of images.



t he nunber of conparisons nmade for that test pixel for which the conparison
results in a 30 msmatch. The nethod may al so be applied to a sequence of
i mges. WO 01/61648 PCT/ GBOL/ 00504 3 In a preferred arrangenent, for each
conpari sOYR Bk, if one or nore of the selected pixels Mai/'ghidIl4ng t he
test pixel has an intensity value not ssubstantially simlar to the
correspondi ng pi xel nei ghbouring the conparison pixel, an anonaly value is
i ncrenented, the process is repeated using further conparison pixels with
the sane test 1 aPpréRiret rfahgdn&RNMRANdasIPRoRbX®oni sixdelesicesr fRke vhineh al |
the selected pixels have an intensity value substantially simlar to the
correspo ﬁdp‘ﬁgij pixgls|neigdpgHBWEURE frgt PiKel Rag gp intppsity|valueingt gbis@ptidlysémyar yr t her
nei ghbour, i .ect . p &ﬁﬁg %p)ﬁe@t i een found
t hat thet%?%égggrg&ggg@g??é&qm@%hg?ﬁrg]gﬁtfy cr’nll;ei g b’oﬁ{rj arﬁ%)%(laelpa\saé%qgsences
whi ch havergnavedulsd progeneas atpeatedugihg durtiren lcymypartisoe ixaie witk | the santk feor

anal ysis .10 of. subsequent test pixels.. Prefergbly, thereforge, the process
i ncl uges pf’ﬁg ué’{lleﬁscoélfp%gf%"r PH‘@F 1S «aﬁ%%cﬁforsgﬁﬁﬁnﬁg t%af%]%cﬁ?figp‘fxtgg BEA a high
anonal y vitbnégy hasudd SeiRtgener sin@ithr tanbe cdetHOhEING,piXdnePeHDSRHUEHe feeiSt

pi xel s, a nei ghbour sequence having the sanme respective positional

rel at i on®HiehsNtVhi¢theass ahydisn BeighRE seqypngs)is %ecttfﬁgar@ttm RACeHE rYspstir

sequence. ACCOfdiRGel O FARAL AL h8PREELs SHerdiBemboRVERLLATY ift REEHBoLSpiRECVI ded
apparatus for 15 processing a visual iI'mage or a sequence 0 such I mages,

f or | ocaté¢qugnees edecholfave ipsayadusiysgenenateiddmgh aomaty silwey anesehestefddior sitatysisng an

i mage,as an.arra f plxel each pi xel having a.val ue; ans. for

sel 6d?i ngr DUt BrBkas e bty doreiore, HRCerpessS nhudes e G Grastne
sequenceseighbdiir xedgende ipgitddowi fornghitia Higls angrhx@ !l alueZifhsrRam SehdrhitededrRict i ng
conmparison pixels fromthe array; neans for identifying the sequence of

pi xel s né?le%swaufqrﬁgbaﬂqgwée%éﬂxeﬁ%r?pm@b&ﬁr seAugRIe hryinengetsame JatECH Espect i ve
posi ti on@bsifi &t ARMiPStolRe §ubSeRRMAd ipPRNadthE Slorddhefhbe! &Guftenei ghbour
sequence of pixels has to the test pixél; means for conparing the val ues of
t he sel ect ed nércghbogrtosagibenesredi ohthehavemny tiegretss providad appreains ffored

seau58oepRsAHBOL SAISE My AFHRLCI MRS IBLE O 4k of) B o LR
artention, comprising
means for storing an image as an array of pixels, each pixel having a value;
means for selecting test pixels from the array,
means for selecting neighbour sequences of pixels neighbouring the test pixel;
20 means for selecting comparison pixels from the array;
means for identifying the sequence of pixels neighbouring a selected comparison
pixel having the same respective positional relationships to the comparison pixel as a
selected neighbour sequence of pixels has to the test pixel;
means for comparing the values of the selected neighbour sequence with the
25  values of the identified sequence in accordance with a predetermined match criterion,
means for generating a measure of visual attention for each test pixel, in
dependence upon the number of comparisons which identify a non-matching sequence.
This apparatus is preferably embodied as a general purpose computer, suitably
programmed.

30 The invention also extends to a computer programmed to perform the method of

the invention, and to a computer program product directly loadable into the internal



dependence upon the nunber of conparisons which identify a non-matching
sequence. This apparatus is preferably enbodi ed as a general purpose
conput er j y programmed. 30 The invention al so extends. t onput er
progranngg§ﬁg&§g formthe nmethod of the invention, and tBCEK%%ﬁﬂﬁ?é
program product directly |oadable intythe internal WO 01/61648

PCT/ GBO1/ 00504 4 nenory of a digital conputer, conprising software code
portions for performng the steps specified above. According to another
aspect, trhenenyveni idggitaprovpdes camporpgtseftwprcogrdamapiotufor pesoonied thn a
conput er sablequpleg conprising: 5 conputer-readabl e program neans for
causi ng @ COMUTE- ¥°8¥Store an inmge as an array of pixels, each pixe

havi ng a val ue;Acofiny ®ransBadapie, thE ageatidnmanided Deongrlisi pagerhfredurput er to
sel ect test @lxels fromthe array, conputer readable program nmeans for

causi ng tSHECEBRP GPBPULETISERIE Sedium. GPMPHERE: 10 test pixel, nei ghbour
sequences of p'cﬁﬁbﬁtef‘?éa@;%?@?fdg%n tend RRlcaldingh co&%u&%to&%ﬂqﬂﬁkg aPr ogram

means for causing the conputer to select conparison pixels fromthe array;
conput er angadiiof pixplogpeamxeblaveng ovalesausi ng the conputer to identify the

sequence of pixels nei uring a sele ted conmpari s | xe haV|n the sane
eapective bs SuBrRriAdN boRfnl nef e B FRIPE BRI S s Elsr OB A
sel ect ed freh gHelaptay, sequence of pixels has to the test plxel conputer
readabl e program neans faor causing the _conputer to conpare the values of

the sel ected n@Pﬁ‘HB‘GDFGaQQH%BW@éaWMW%“% R Gpug ﬁ%g‘eo‘f"”iﬂ’féﬂ Y &elEs fuFaequence

in  agcondangsel, %ighb&r@écﬁﬁﬁée%frmeﬂ n¥BhSburtld thelekQixe120 conputer readable
program neans fOI’ causli (gibt e conp uter to generate a neasure of vi sual

attention for eawmputeestea i@elprogrhmdé@@naefmwwm tthee qempbear ¢f ebepari sons
in whic &, t in a msmtch. The invention nmay be used to
|dent|fyh?h§26§% c?%% 8@6 ject’in a visual scene, by 25 identification of
t he regi on contamputeg rgidaiek programnmetiine f@r eatiag ttharomphyr validasify Ithe may

sequence of pixels neighbouring a selected comparison pixel having the same respective
15  positional relationships to the comparison pixel as a selected neighbour sequence of
pixels has te the test pixel;
computer readable program means for causing the computer to compare the
values of the selected neighbour sequence with the values of the identified sequence in
accordance with a predetermined match criterion,
20 computer readable program means for causing the computer to generate a measure
of visual attention for each test pixel, in dependence upon the number of comparisons in

which the comparison result in a mismatch.

The invention may be used to identify the principal subject in a visual scene, by

25  identification of the region containing pixels having the greatest anomaly values. It may

be used to determine a measure of visual attention afforded to a given object in a visual

scene by comparison of the anomaly values generated for the pixels representing that
object with the anomaly values generated for other parts of the scene.

The repetitive nature of the process lends itself to parallel processing, and it

30 should be understood that several test pixels may be processed in parallel with each other,



be used to determ ne a neasure of visual attention afforded to a given
object in a visual scene by conparison of the anomaly val ues generated for
the pixels representing that object with the anomaly va ted for
ot her pSY(gg”‘g‘g“B[ he scene. The repetitive nature of the p%§i®?§9ﬂ§hﬁs itself
to parallel processing, and it 30 shpuld be understood that several test
pi xel s may be processed in parallel wth each other, WO 01/61648

PCT/ GB01/ 00504 5 and for each test pixel, several sequences of nei ghbour
pi xel s nmy fal schbest phetessad sequenpeay af heghbolinpigeldanayt dsab¢ procksed i nor

vari atiaons HiP intensity between otherwise simlar elements of a scene, the
conpar i FH6F val ues preferably allows a small difference in 5 val ues

bet ween two pixekdertto MowcRShider @driAioRREE intedng Beheednestervasesibialat i al | y
simlar" used above should be understood in that context. The value of this
t hr eshol SETRRTLS e & 6@Ne, HigyCasPayiaen eh valges Brefara vitlowy @ wall diffseacs 4t ves

whi cly pr\%ﬂ}é%%t@«eém&@mx%ls%%Eicﬂﬁsti&e%haHﬁEcW,eﬁﬂi 6L 8B Sbhgiddy $inflpd and

re-used on subsequent cycles of the process. For a colour inage the

i nt ensi tugsed/abayeshowly Heeundprswedah ¢l woniextedhe yaluvewf this daysholiddiviersnes s.

Al ternative ot her. c ur spaces, such,as hu aturation,. | um e etc.
may be Iﬂ%yehé;/ Vﬁ?dsaf?rn@g% elnE)ﬁ?cﬁ%féﬁ??SF iveaéuega |1C2hng§0dﬁlﬁe RS lesdég}ﬁ]gg y

measur i ngnwdea etinfehtsbigingystordd ahd rRdised os bubisk@ient ¢yeks bethegescesei ghbour hoods in
the scene. Pixels in an area that is simlar to ch of é)he re%} of the

scene t her ef of8r 8 £BI0HT [TBIFCHBE SFNsEY ypiugt Bgy be Ahregsicment (18 Siped PRICh ot

consjgdergghobd ARSmARTAIPYRE calblhiedPat@uckO hilke sAhRg6n, NaRthafcd &6 MAY bhrat
possesses many dissimlarities with other parts of the image will attract

a high nsedure of visual attention, as the anomaly values scored will be

! arge. The. i D\/I%%tii Q{Ltlgﬁlggﬁﬁﬁlﬁé? saq'f n@r i&lr\jiallal gcgges }f r?lEasBFiR% ?r?esdilffféuft-&ri"rg.
dissimlarities® Detween parts o he 1 mage and “does nof require’ prior
know edgdafg simiaritiss besveeh ntighbowzbocals bk isesiet Bixeétieramane tbalis amilge The

R N L et M U s
prefi@r r afht 8SRAIRIARD be Worthy b0 WtdiRiof € Sl thd Bfer lind\Wa¥ gioh tEX PBTAERes Wéﬁ)h.
reference to the figures, in which Figure 1 illustrates the process
schenat ic&ﬁimisl,a,rities with other parts of the image will attract a high measure of visual attention,
as the anomaly values scored will be large.
The invention makes use of a trial and error process to find dissimilarities
between parts of the image and does not require prior knowledge of the nature of the
20 anomalies to determine saliency. The method avoids the use of processing dependencies
between pixels and is capable of a straightforward parallel implementation for each pixel.
A preferred embodiment will now be described, by way of example, with
reference to the figures, in which
Figure 1 illustrates the process schematically;
25 Figure 2a represents an image to be processed by a method according to the
invention, illustrating the comparison process for two sets of pixels x;, y;:
Figure 3a represents a second image to be processed by a method according to
the invention;

Figures 2b and 3b are mappings of the anomaly values generated for these

30 images;



25 Figure 2a represents an image to be processed by a nethod according to

t he invention illustrating the conparison process for two sets of pixels
Xj , Wt feSes ﬁa represents a second image to be processgd. ¥ ?hh kit hod
accordl ng to ? e invention; Figures 2b and 3b are mappings o e anonaly
val ues generated for these 30 inmagesf WO 01/61648 PCT/ GBOl/ 00504 6 Figure
4 illustrates schematically the basic conponents of a general purpose
conput er capable of performng the invention; Figure 5 a and 5b illustrate
an i mage coderFigeeot dilvigates sehrmasicalbe fhe basice RMBRTENt R LeRe T pUTBBCand B¢

illustra qqg)? gﬁﬁg% ROt © the present 5 invention; Figure 7
illust ra%cgnsﬁg 4. do sarri:ﬂ%qng rlt ecE)nl que; Figure 8 illustrates separation
of an inage i nfiguelSocndaidilbstoekampiatge ngder afdogding tdthe pfessrtt imteeBozi g- zag
scanni ng; Figure 10 il es,, processi.ng of an i nmage,.bott up and | eft
Co tigne 10 FRwss o PeRRe TnRURETET it e Sl FRPRIPELL I HBENS, r cam
and nggurr@eﬂ&mshows exarrpl e sel ectl on of conparison pi xel groups in order

to increase processing speed. The conponents illustrated in Figure 4
conprise an i n]f}ﬁk‘reﬂe‘élH%‘ra&efa%héﬁioé’élsa&“P g tehaigNer | a central processing

unit (CPU) 42, ﬁlrecgtmewatém dlsarmrbf%ﬁ ifadd SkAbodl mltﬁacktﬂau&mg(vw) or

printer 43, a a cal culation processor 45." The nenory
i ncl udes stor%gummlluzlmeS-ZlgM@Sca@gngters 441 447 - 449 and counters 442,

443, The data 1g;md tl@ 1 sﬁrfp Ces n(s)gro ont %lg ({tpgn ﬁg‘gmﬁgfﬂ? Ler. are st or e_d in

t he menory 44. W& Ironig o egCOrrput er using

t hi s10 nf or mat i Bigure2Q sEO\nsmdexarrqge attwmd?l-gwﬂesVeﬂ dancktéamt figl | mage 40 to be
anal ysed i s accessed bg/ the input neans_41 and stored in a digital formin
an image st or eFgWg, L shows aﬁra@le&elﬁﬁmm RE1°MPIIRePECle HPHIK SFIHAS col our
i nt ensi t;ngl%agerlggoc&gqngpagkdattrl buted to it, in the case of grey |evel

i mages, a single grey scale intensity value tX. A pixel x is then selected
fromthe array A (step 1), and its intensity value (rx, gx,

The components illustrated in Figure 4 comprise an input means 41, such as a
15  scanner, a central processing unit (CPU) 42, an output unit such as a visual display unit
(VDU) or printer 43, a memory 44, and a calculation processor 45. The memory includes
stores 440, 444 — 446, registers 441, 447 - 449 and counters 442, 443, The data and the
programs for controlling the computer are stored in the memory 44. The CPU 42 controls
the functioning of the computer using this information.
20 Considering now Figures 1 and 4, the image 40 to be analysed is accessed by the
input means 41 and stored in a digital form in an image store 440, as an array A of pixels
X where each pixel has colour intensities (rx, gx, bx) attributed to it, in the case of grey
level images, a single grey scale intensity value tx.
A pixel x is then selected from the array A (step 1), and its intensity value (rx, g,
25  by) or t stored in a test pixel register 441. Several test pixels may be processed in parallel,
but for purposes of illustration only one will be considered here.
An anomaly count cy, stored in an anomaly counter 442, and a count of the
number of pixel comparisons Iy (stored in a comparison counter 443) are both set to zero
(step 2).
30 A search strategy is then selected by the CPU 42 (steps 3, 4, 5) and provided to a

neighbour group definition store 444. Each such strategy comprises a set of colour




25 bx) or t,, stored in a test pixel register 441. Several test pixels my
be processed in parallel, but for purposes of illustration only one wll

be consi re. An anomaly count cx, stored in an an er 442,
and a co‘ﬂ‘gpﬁ&ﬁ nunber of pixel conparisons |x (storggﬁ{ér?ogfaggg%rparl son

counter 443) are both set to zero (step 2). 30 A search strategy is then
selected by the CPU 42 (steps 3, 4, 5) and provided to a neighbour group
definition store 444. Each such strategy conprises a set of colour WO

01/ 616481iﬂ®€ﬁc@8(h‘t¢sﬁﬂlﬁ®4mx7 A f Aepefaeint heestsol dsgrieArlgvelgriagébr)singlor in t he
case of | evel ges a sip th shol d At, (step 3) and a

nei ghbod é}%loé%étl)dé?? %ﬁﬂ(@%@%@f%&%é elinfig{8ERRT O bnbodi ment of t he

i nvention operlﬁfah&seloanmh@wt df@mﬁsemntd&réﬁug,on S iRhEiQNn tw@h&e (HSV)
space Ahx, As,, Avx colour difference thresholds are used as wl

descri b@dtura’lIOITDViﬂde@ﬂ&V] splaext Ah», AThavt holeshdiffdsnos thdeshnldamrecrdod db Mvelrht of t he

compdr | SBeniiashopt FERERIE by ARBGORS iy Bntrolne b A ne |

i nvent i gBr tdl6urCida@ed will Hémine Rpen Y es6@! specaimewhieh estet@hpariesl batdear € not
changed with each selection of a new neighbour group 10 definition
st r at egyPixqlqisccpEiedywut he search strategies will be generated at random by

the CPU 42, - jfofdee mﬁacﬁ@&?gyofuﬁe ngéﬁnaugl tﬂpla%w‘u?rdlffg%me fnrkdngidi 4k er ences

the cycle will be reject step 9 new strategy sel ected.
Successfmd:desarmatedgalels aanotbehagget edth pach s@@mmh @ft patepgyeighbow guoup f or
subs (%% re- Uﬁﬁ% step 11). 15 The col our difference threshol ds sel ected
in step LB PHERR whet her two pi xels are to be considered simlar. The

di fference thngisihioy e seach stex&e&0yidl &%Tehaiafd:dﬁft Findoibyahd €P Wi 49¢ — ifthe
simlarities wll be detected, but if they are too great  too

si mi | ar iSteiegy 1349t puigble fop igntifyingiffergaces t ‘fyéi?o‘éiﬁ'rbeg‘f’ﬁﬁtﬁdéSt?%%lnSElQW&x is

sel ect edpgty JendRiRMY sEfébt@d CRIctAkfil stfle ROUAGSD (880 irftd sea}-&H Stra¥eddly Ueore
determ nes the extent of the neighbourhood of x within which T7pixel

si mi | ar i44y feompsaqusmns-usk (siepdd).-made by the cal cul ation processor 45. The
bounds  on uxX.gf %oaﬁ}l glﬁfg\%/\n&ﬁg H¥%hbIE SEREE it D RedARMY WhR PRl FiRERP! 1 Sh

visual attention
are to be considered similar. The difference thresholds must exceed a certain minimum

otherwise no similarities will be detected, but if they are too great too many similarities
will be found.
To define a neighbour group a radius uy is selected at random within certain
20  bounds (step 4). This value determines the extent of the neighbourhood of x within which
pixel similarity comparisons will be made by the calculation processor 45. The bounds
on u, are determined by the scale of the features that establish visual attention, which will
depend on the purpose for which the image is to be analysed. As with the difference
thresholds, the selection is random within these limits, selections which fail to provide a
25  distinction being rejected (step 9).
A sequence of n pixels x; in the neighbourhood of the test pixel x is selected
from the image store 440 (step 5). Again, this selection is random, the selection being

such that:
dist(X; , X-1)) < Uy

30 where j=1, ..., nand xo = x



depend on the purpose for which the image is to be analysed. As with the
difference thresholds, the selection is randomwthin these limts,

sel ections which fail to provide a 25 distinction being rejected (ste 9).
A sequent® Yf61688pi xel s xj in the nei ghbourhood of the tesRCHEREV00R04 s
selected fromthe inmage store 440 (stsep 5). Again, this selection is
random the selection being such that: dist(x] , x(j-1)) < ux 30 where j
=1, ..., nand x0 = x WO 01/61648 PCT/ GBOL/ 00504 8 As the selection is

random such aAsefbanReid isPrreb®, RBh BNeqi@ee Tt Fikdly mdjehathRQetsafnle
anot her or be contiguous in any sense. An exanple of such a sequence is

shown i nnighlgus ope a‘i‘orﬁh"\w&ﬁc?f}ﬁ’@u?‘éslt’ apy ge1se. (shown boxed) has a sequence
(shown shaded) A"f\sé(gﬁ'{p?ct @ldsu ; segfn nchP'sE&H Yo Bigu 2 ma\Dﬁlch ?w test_ 1;(e1 In some
J: i's all (%Be 'sel ecte

cases ux may vary w t ows pixels t fronta wi de
regi on wishbwn tenedirhiang Sbmaemccs@hewofshadeé) SSSb@@tEéd/lthlkeTgn&ﬂB' rcl=cfs,6artd0 t he

test pixel Xxj The val ue of dist, (X], . 1)) m defjped in
sui tabl e ’Un:(lr N SQE FasEY Uy Ay, vary Highj Th’ég alﬁ"&ﬁ %%‘?lfb b%fekfclﬁeéi ﬁ%’i"g%l%
sequencerdgsorSWhil@@nsudinghat REing b ther seBcdpited aBicldsefo ﬁ)%Qés@ﬁ%ﬂxJ .|'I'heanot her

enbodi nent. of the invention a seguence of n pixels xj int
nei ghbouH8®@f Hsti(he: Xew)k MAY bg|defingds ins apy sigghler it shd asnpigel sieerEheaqo

(st ep 5) deﬁrhﬁon §ﬁh@ﬁ&g9&bubgéqagnc%q§£&o¥eﬁ% theHeShbE@ provfl dekhiton4tore WiEr € | =

1, ,n and x0=x 15 Previou gener ated search strat egl es, conprising
nei ghbour pi xeln Qwh@ne@bodlmem of theonsverfiomnd sapswei af edplo;ellsoxgrmdﬂfef erence

t hreghol d X storedlnthe sea ch stra y, ,Ssto 45 as a
resulﬁ? ééﬂ |ug\]/(?caﬁ ot gé pé’r(l%na Sysesl%cé?defr(?ﬁn E)r e'\rﬂagﬁss %448 %egeﬁ%satest ep 11,
to be dI seim&adﬁamgayclbmWr eferentially selected by the CPU 42, randomy
generated candi dates only bein sg suppl i ed by the processor 42 to the current
nei ghbour 20 group definiti ot XUeXQ <vihen t he supply of such stored
criteria is exhausted. This mechani smreduces the nunber of unsuccessful
iterations of the M“?f@éss anfl 38BthKafides the anomaly values in the vicinity
of the object of attention by reusing features that highlight

15 Previously generated search strategies, comprising neighbour pixel sequences
definitions Xx; and associated colour difference thresholds (Ars, Agy, Ab,) stored in the
search strategy store 445 as a result of achieving a high anomaly score on previous test
pixels (step 11, to be discussed) may be preferentially selected by the CPU 42, randomly
generated candidates only being supplied by the processor 42 to the current neighbour

20  group definition store 444 when the supply of such stored criteria is exhausted. This
mechanism reduces the number of unsuccessful iterations of the process and enhances the
anomaly values in the vicinity of the object of attention by reusing features that highlight
mismatches in the current image.

Similarly, when processing many similar images (for example in a moving

25 image, or any other large set of similar images such as medical smear tests), test
sequences that have achieved high anomaly scores on previous tests may be retrieved
from the search strategy store 445.

A pixel y is selected randomly (step 6) to be the current comparison pixel (also
shown boxed in Figure 2) whose identity is stored in a comparison pixel register 447.
30 The value of I, stored in the comparison counter 443 is incremented (step 7).

The contents of the neighbour group definition register 444 are then used by the



m smatches in the current inmage. Simlarly, when processing many simlar

i mages (for exanple in a noving 25 inage, or any other |arge set of
simlar images such as nedical snear tests), test sequences that have

achi eved WP 018#fonal y scores on previ ous tests may be ret PCEGSBA100560m t he
search strategy store 445. A pixel y ig selected randomy (step 6) to be
the current conparison pixel (also shown boxed in Figure 2) whose identity
is stored in a conparison pixel register 447. 30 The value of I, stored in

the compashiciRAos ProBEREr HARB defink BGE megoroﬁﬁihglatgs} grouim?(r@%ﬁ&mms af the
nei ghbour grg;p definition register 444 are then used by the WD 01/ 61648
P

PCT/ GBO1/206% igels AoEningt § SAMPABEWS SONP 45 (Fagistksf #4f, gadhepixgt ypiokdhes
f or mi ~ i i ster , f pixels formng a
ormng gk §1tlso(ﬂr§1bllﬂ)( Mvnﬁ%?%r é&‘%ggo%ﬂ@]al%gtlogﬁh%}o %Te c?h@%h?on n%l;(&] }pgs

conpari son group regi each pix conpari’son group
havi ng t hke sarespqudgigtpinaial inrtbé &isi goshhp t ohe tag pixaripdstes 6N The xelculytias  t he

di i I | the t t t the test i | . t 9).
The oo careish & inebl atiies, ehdih of Hhe Bxitbc St i gt 251 (% chaged
in Fi gur eodyspohdifig phel y;qaiks sspanctiaded)pisi@d thyjthrésHosdv ahawarrsharfe thdisi ng

the threshold values retrieved fromthe neighbour group definition store
444, Pi xdreighhousggoupdfiehinitionstprad4bei ng similar to the test pixel x if : Irv

- X < Apixdigy are i@XLEQDX béd sigﬂlaﬂoﬁ%@ Mtxel P For grey level images | ty
- tX1l < AtX" |In another enbodi nent In ich the calculation is carried

out in thle_vHS\l’<(m1,our space |g§ -xg(l|<)Ag'x,S i deaxdi f i ed aslﬂgeib;¢<sm'bm lar to test
pi xel, x is: Iv§ - vj{<CMX, I Ey - FXI<CBX, and I hy - hXl <ChX 15 where AhX =
z* (2-10yx) + (2- Eaereylevel igjagee oty i snMenpirical table of threshol ds
dependent upon hr. This results in a |arger value of AhX for | ow val ues of
vX and s, . In order to speed up the operation of the nmethod of the

i nvent i odn fapethdsi emarogdimenige svhidoinganlcoatiopisxedrrigd pretyinishe $iVecdledt spacarat ch

ot Sty oy o BORESPRFAARGHRL ! o vt et hey be i e
be incredsed bl aglecting s, -sc]<Aas, and |hy — hy | < Ah,
15 where Ahy = Z*(2- v,)*(2- sx). Z is stored in en empirical table of thresholds dependent
upon hy. This results in a larger value of Ah, for low values of v, and s,.
In order to speed up the operation of the method of the invention for binary images
comparison pixel y may be selected to match test pixel x (i.e. by ignoring background
pixels whether they be ‘white’ or ‘black’).
20
For colour or grey level images the speed of operation may be increased by selecting
comparison pixel y from a comparison group which may be stored in a comparison pixel
store 446. The comparison group may be selected as shown in Figure 12. Once measures
of visual attention have been generated for all the pixels in the comparison group, a new
25  comparison group may be selected from pixels which are close to pixels which have

generated a high measure of visual attention.

If all the pixels x; in the test group are similar to their corresponding pixels y; in the
comparison group, the process is repeated by selecting new comparison criteria (steps4,5)
30 and a new comparison pixel y (step 6). If (as illustrated in Figure 2) one or more

pixels x; in the test group are not similar to the corresponding pixel y; in the comparison



conparison pixel y froma conparison group which nmay be stored in a
conmparison pixel store 446. The conparison group may be sel ected as shown
in Figur ce neasures of visual attention have be d for
all the gﬁoﬁf‘ﬂ&n t he conparison group, a new 25 conpari g%bn]gggglu@&?‘r‘ay be

sel ected from pi xel s which are close 100 pixels which have generated a high
measure of visual attention. If all the pixels xj in the test group are
simlar to their corresponding pixels yj in the conparison group, the
process E@up,epleattcecﬂabge sathedt | siilaréy dedinpioni ahone.cthiet @unac{ stoegelsip 8 30 and
a new coppari son | tep 6 [ n Flgure 2). one or
nor e pi xngs x¥< R t gl %s‘ltﬁg?dﬂcrz%?rge%ggg%lln} I arOt[’E}(L’r ?chm a&%?r 1sxpetlj dt® ng pi xel
yj in the\ndmﬂpeereleemﬂ MO s@ikéD6OHS cBTPAEsBa i O 24 sterl Y raufh tol sepa®)caddance
with the simlarit def i.tion abo e count c, stored in th anonal y
count reﬁseeeb%hga% o ¢ t&werﬁifeae%' gP@ﬁEwlgh B EHYP ‘@8%‘8&%"6‘?12‘&} Rel y is
r andogri YUs%ﬁltg‘éﬁﬁﬂl ﬁ@x@wséoﬂ{p%ﬁsdnnnélé}ﬁ)oﬁpgﬂéﬁﬁ S B2 dmifalisdiegoap Bgitkd446r et urn
to step 6 %e nei ghbour group d nition retrieved fromthe nei ghbour
group defqr ﬁpmp@ﬂiﬁost\’dﬂethmmt Beoup sipsesintte ep@PYP e giRen 4&6{143&131 faxalekighbour
group to.th i eg 4 t est
oroup. st 5radne i ik AL Bt PR bR bTne ol SRR b bt

r et ai nedof the ithaget 88¢h gsanm@rdssegtsatcmnrtmgdasmsg fédannrg ofighel lt)ca(tanbﬁ muehe moref ail to
match other parts a set e resents a disti n%,dbshl ng

feature BfUf&° P‘&Ecﬁlt{’?‘f%‘fr &B%Qrﬁglsﬂﬁ%"e I i B‘Qret PRSP PSS YdBEur, the

nor eq@li SfHefi@sTth&lkaalls&o 1 8deMAEChG IR A 1HRer PhX Blomaly VAaé c lflodeBen test pi xel
x fails to provide matcﬁes for, the hi gher the anoma% value cx stored in

the anomiimaly sgnRter 442 eperpeseEonversal e thse mpre trichesr @atntliecissis PRBRE t he
test pi Xgénf?‘atesg%qgﬁf Pﬁ.gy\fﬂaﬂx% I Endriy VALY SHRE tﬁé‘gai%ﬂ&g‘gq s %alHdg pyhen the

t hr eshol I's’ reac he conparison counter conparison are
made eacﬁletcpmpamshm @noertds. v dlsueoparimi ard nrade ghdhstithe ¢ anbmalyr odwss may be

consi dere sure of the propqgrtion of 15 ected

o1 el s hinich i PR RGE<3h B 5 e PaATEN °F BF o mEE 7 RPORION ¢ he

Process fABbmIVURRCcted poeswhivh woeRIMEH tCprol e aand{Eh Ry thestestp@Epknat i ons of

val ues of O x, Ag, Cbx and ux, and nei qhbour sequences, which generate hi gh
l.}

val ues of cx, 4S9 ProsesotABtiANgsa seacessiylfsearch eqgiteric 8hef isn copRigpdonsjofand t he
corr espo{?&i{;ue 04} Ag zInf QJ eng n&gﬁﬁoﬁ@%&%é@ &/hlcﬁggeﬂé‘g?é)hlgtﬁugiﬁ stcne

anonal y va St ore 'nt nomal Yy counter to reac
t hr eshol d,)Mvideberomeaapmatah ifs fauade ¢fhe ppeds ghast rhet egx;esmmirrgdcqlour
difference thresholds (Ary, Agx, Aby) cause the anomaly value of ¢4 stored in the anomaly
20 counter 442 to reach a threshold M before a match is found, the search strategy stored in
the neighbour group definition store 444 is copied to the search strategy store 445 (step
11) for future use, if it is not already stored. The criteria that have generated high
anomaly values are thus available the search strategy store 445 for use in selecting
suitable values in further cycles (steps 4, 5). Once a match is found, the process starts
25 again with a new search strategy (colour difference threshold and neighbour set) stored in
the neighbour group definition store 444 (step 9), either by retrieval from the search

strategy store 445 or generated randomly.

When the iteration value I; stored in the comparison counter 443 reaches a
threshold value L, the iterative process stops (step 8) and the current anomaly value cx
30 stored in the anomaly counter 442 is output at the output unit 43 as the anomaly value for

the pixel x. This final anomaly value ¢, is the measure of visual attention for the test pixel



t he nei ghbour group definition store 444 is copied to the search strategy
store 445 (step 11) for future use, if it is not already stored. The
criteria that have generated high anonaly values are thus avail able the
search sVPM@EYI8st ore 445 for use in selecting suitable REAVGRYE/OM4 urt her
cycles (steps 4, 5). Once a match is found, the process starts 25 again
wth a nem/search strategy (colour difference threshold and nei ghbour set)
stored in the neighbour group definition store 444 (step 9), either by

retrievak AP thBenmars Of aushpBt@Q)h §lLotE off4dam@oner alhech thandmsrknt. Wien
the iteration value Ix stored in the conpari son_counter 443 reaches a

t hr eshol ghaygieristies (1tfhéh‘? tce}oafso \Pé TRRdoEY ssekee@ssne(%nb@wssaf Rkl % thadleduer ent
anomaly yg CHEEh&gorre’éE Hb'aultsr?)?reﬁﬁ'agm %1&%%%15 42 High QefuRUforal, the

output unit 43 as the anoma y value for the pixel x. This final anomaly
val ue cxirdicatesea ri'eglsmegreofofvnsuaatcfatfmemxebm fugth thee rase of qbﬁ)aaiagmr@l/ 61648
PCT/ GB01/.00504 1@}? p ; artolf' .1 tho z%tvtsua I [(lfroma total of L
atte tsfonfSS?ue\RHV P‘ﬁ‘g Xr‘lgi’Perenf1 c’ﬁar acteristics % I.e. the col ours) of
randonly sel ecTré oagughbiew3sisofypiehlkel sxofbg& lneﬁlmm wrmnt sibrels e @@oimalypondi ng
nei ghbours of randonly sel ected pixels A hig lue for cx indicates a

hi gh degr#@Eesop! FERRKAHOr ISPl el mKanfi qfha PHBtef e‘@i“a flisplgy unitagls- ShéPT 5

Consequemdsxq‘}ehabm%ggﬁlg Yor! e?(aﬁ’@fe infize RBmPRIsGOh 2WQWif1 e REcritiedUader Mtidhent i on.
The output unit 43 is typically a storage medi um whi ch stores the anomaly

val ues ofefegande tpifi@ire $¢&¢ 1 Ui spl ay by neans of a printer, visual display

uni tygete, O [0k HORREHARY ALPSRRAIATne' BloBNATRACH RIS SAIPLARS! On S

vmll"%e descri eren ure wll be
under st oggderehat toabtdmugimetnblenalni\nmgb [ m;dgaﬁxré:neeﬁiudmmﬂ BALSW )t br singfeer ence

to a two di nensj onal havi n thr vaI ued r. single

val ued ptlHES P?’@F%WF%\}%W%F‘ %(};L tllsloed‘“iné1 gxf Hs"_{B‘F%SV%r@?ﬁmagf?%nm onal
i mages h@qhg?vg)]ug@b&gg points. In the case of the use of p valued points
then the function for evaluating whether 15 two pixels are simlar at step
9, described alighe cissrof greayse by aplueRpointsgherhie furstion forgyakyatingswhstheinded t o

corbse, HEpcka el 149 SESLal s duienl M R ey IRRESL o1 o
t 0 sel ecis dxbmdediogivogare the purpluast step 5.
In the case of n-dimensional images the selection of neighbour pixels is made
using an n dimensional distance measure in order to select the neighbour group at step 5.
In this way it is possible to apply the method of the invention to a sequence of successive
20 frames in a video sequence where one of the dimensions used relates to time. .
Two simplified examples of the invention in use will now be described. Figure
2a illustrates a monochrome image having several vertical features and a single diagonal
feature. It will be seen from Figure 2a that a group of pixels forming a set of neighbours
to a pixel from one of the vertical features will match with those neighbouring pixels
25 from other vertical features. However, a pixel forming part of the diagonal feature is
unlikely to obtain a match with pixels from the other features. Even pixels elsewhere in
the diagonal feature will fail to produce a match if the neighbour pixels of either the test
pixel or the comparison pixel extends beyond the end of the feature. Therefore, the
probability of obtaining a match for any neighbour set is very much less for a pixel

30 forming part of the diagonal feature, than if it is for one forming part of one of the

vertical features.



In this way it is possible to apply the nethod of the invention to a
sequence of successive 20 franmes in a video sequence where one of the

di rensigns used relates to tinme. Two sinplified exanples_of t invention
in use \XY‘PP”W(?&? be described. Figure 2a illustrates a nﬁﬁgﬁﬁgiﬂg&%lrmge
havi ng several vertical features andqa single diagonal feature. It wll be
seen fromFigure 2a that a group of pixels formng a set of neighbours to
a pixel fromone of the vertical features will nmatch with those

nei ghbouring pnxed dluRbattd embodiment thergixdaorfreatregués redtidineareesseBatjuinx el

form ngt&grt of the dia go I é}eature IS |lk I%n%o obtain a match with

pi xel s U5 ACSSE AetuipRlg:'QF gder EVHWEB’F%P PBiCEeRhEF RN 1S Y78l dBonal

feat ure p¥siiondiadtlaribhiy SHIER peMBttehhd EorhfiRisBe bBBD Y WiayRiok Bk SxRkly&hd her the
test pixel or the conparison ?I xel extends beyond the end of tﬁle feature.
Ther ef orSémetth@POﬁ@F%hEﬁquoﬂleP ¥aRikGIng tathedet pieh K. B eaetepeshnalibe set i s
very g e t he di agonal feature, than if
it 55 fgtpe {:)l‘r?])ge% %r n%b%gtggt)ﬁéer%xaog (E)O(r%lreeg%@ r%?otsl\?{ea&tl cal features. WD 01/61648
PCT/ GB01/ 00504rhe It odens 1ph$e$Sb$ tss\teraataeuamamdbwemhet tpeoqadmet S H’lmrlynthe regul ar

rectilinear tesEeIIatlon q}e rocests IS suitg lfor ot |
ar r angerffits® B e&%?eﬁséumff"ronfﬂ puy af{%niegt? r P& grdsgand iy e&?oeéﬁ“f‘?tdﬁ%@
rel ati onshtifRs @dle @A o MieXBhtedt 4s0parher ©0 mgursmantmra@ss ¥ndBhcB @ atle texact |y

the sane the positional relationship of each pixel xj to the test pixel x,
but eactrdapietonttie] myieriak in aY dmsgest Sproadivbihe PrGCttSﬁeap@ igfcenyallolr 88pondi ng
POSi{pi On, E@rm@&%ﬁ &el%ox%ﬁ&ﬁéreéra% ¥&higla é@t‘éﬁ%ﬁ \ée£ il Rfhy PEO&EdUr es.
Flrstlyt process rmakes no assunptions a tent ol the imge

and is atrbgllaropfesctrr ackhingethel procesat mra)esbermpd;vcéno etaoh tph@l comtithout agy part of

t he nmeasyure cess a ence t he ter n any
mmge. - Seponany ThaePReltioto Rt faate died Rl et A SR SRl of

pi xel s V\heplnenelartds amged pikela sieQlamgublar aTnlaymean§ph;|italw1a1r rayparddlel an
irregular pattern. Thirdly the process may be applied to each pixel x;

wi t hout ‘5&8@-“’%&‘6@%@%?”@% bf’r?étaé't?ﬁrf{ﬁrﬁtv?@ﬁ@aé%r%d'i‘ Kb g mg; ?Ihev&f’ﬁ%stmrpl xel s

and qBenag,, Rl tH@al%thh?Q ba!;e!?l 1%5%'e%1u¥19n£§5¥oc@&1&?@I\ﬁm&'HEH'tEcazﬁﬁzQHt% y. This
means that wi'th a parall i npl enentation results nmay be obtained from

vi deo nehar irigds e n%dlaveutmsbe orepergdnwithstherrigons opnalihlajforded sofigewe t hmi s

based “ﬁ;ave@stréseg%%%ﬁ’&%é’ Pétﬁ%ﬁo%‘ﬂgé Sl G105, & ){Aﬁ" ‘?edl¥e? 1539fey ctotl En”' al's

do not e pr pare e rigour nornma vvare
obvious redundancy (e.g. a sequence of neighbour pixels x; Wthh includes the same plxel

more than once). Such cycles are rejected in the same way as any other cycle that fails to
20 identify distinguishing features, without any special rejection process being necessary to
identify such sequences. This effectively removes the computational burden required to
accurately construct viable candidates for trial.
In the following simplified examples, the process has been applied to black and
white images consisting entirely of ones and zeros. In this case At; = Y2, n = 3, L = 100,
25 and u;= 1. The first example (Figure 2a, Figure 2b) exemplifies the classical problem of
“popout” in which certain types of shape stand out if they are surrounded by different
shapes.
The measures of visual attention attributed to each pixel in Figure 2a are shown
in the chart in Figure 2b. The vertical scale indicates the anomaly value (expressed as a
30 percentage of the number of attempts L) for each pixel. It can be seen that the anomaly

values c; are very much higher for the diagonal bar than for the vertical bars.



processes. Sonme cycles may not produce useful results, for exanple because
they contain obvious redundancy (e.g. a sequence of nei ghbour pixels xj

whi ch i%wggisﬁhe sanme pixel nore than once). Such cycIPecgr_/ Oei/o{)&}i“ect ed in

t he sane any other cycle that fails to 20 identify distingurshing
features, w thout any special rejectits process being necessary to
identify such sequences. This effectively renoves the conputational burden
required to accurately construct viable candidates for trial. In the

fol | owi ng si npFighieckh idnarmpdsabe efiféve opclogessg drasisip arierdppl wiede & grdupagk and

white imges .consisti ntirely of ones and zerogs. In this case At; = "'/2,
nLt S, ! oERGgT gl kel Arlon g oyl RFTe s ST sernd oS RRgr, 20,
exenpl i f ugfg iepobas Ifahis ipvabiba mrethowan BoRigired Bb.Whgth ®erddidied Jimss of
shape stand out_if they are surrounded by different shapes. The neasures
of vi suaProdeecchighst 280AYSGP%d t 0 each pixel in Figure 2a are shown in the

chartgin Fi gurg 3l pe 3R dURAIhE BlocSS AbEs ARG fAkERy PR IANAMBLYedbabHe
(expressed as a 30 percentage of the nunber of attenpts L) for each pixel.

It can beatgeeof thhanomhkesabrimg bgarched|fore SThe ;anamelyvmpy bmisterienghier (4son t he

di agonal bar i han for thevertical bars. W 01/61648 PCT, 1/ 00504 13

i gure. b 3 Par R g FBRAD e i Py Rl SRR Bek e o wher e a
groupi ng of VEkd inealtidniineswide gpphceidn ama ngsbeodffedds. Firady, adentificatnwi del y
separated, The results of wusinpg the Eer cess of this ipvention are shown in

Fi gure 3B hagapipalispBics! ingrdraysaepnisdhe Prbeseniahsegidhe sHBwaIY Ydre. 5 1t
will e ppfieded Natal E&ﬁernr_%%%soom@ﬁmmﬁfﬂcsgx?ﬁ& tﬁi_?_ﬁte@rh‘ﬁé/bé%ﬁsacki@%@f)ﬂdge of
or

the nature of the anomalies being searche ) e anomaly may be in

ori ent at mam be dellawed i anual Paggings pae range ChemphatEingighenBer) othegrpaganaticengt h,
colour o C | 8l he 1. ntion is of wide application in
a nunbergegﬁﬂﬁ?egltf s{ec%ﬁﬂoﬁéﬁﬂ% %Tg!ﬁl ?stgé(ge{llllg%& of the principal subject in a
vi sual scene i A rhdikod of intage somptessibn 8fiag) ehei methbik of ik egamtisatwilbmowfbe 10

unfiltered vjsual content - it is also t st difficult. Once this step
has. beondSEHbel i TIeTHS e i Tondd Hy 0D CA50PRG? B RePangY of

t enph gt e compefiditofAmagt Dtk aBtHr@iBld the ihQRGHN0H QB Be fpPsvidRCAERdfe@Rcedb t he
features so identified. A nethod of inage conpression using the nmethod of

t he i nvefitguess Suiand Show be described with reference to Figures 5 to 11;
firstly an Oveéghﬁx\é’ss‘?én to'f"?mggéshggné)fa discrete cosine transform (DCT) is known.

Many image compression algorithms, such as JPEG, use such compression and have been
proven to work well. The principle of using the DCT is that the pixels in an image can be

20 regarded as a 2-dimensional signal, which are transformed into the frequency domain by
means of the DCT. Areas in images where there is little change in colour and brightness
are areas with low spatial frequencies whereas areas with greater changes in colour and
brightness are areas with high spatial frequencies. Research has shown that the human
eye is not very sensitive to high spatial frequencies, and that fact is used for the

25 compression. It is much more important to have information about low spatial
frequencies, so high spatial frequencies need not be transmitted or stored in order to
restore the original image with reasonable quality. For high compression rates, a model of
the human sensitivity to spatial frequencies is used, which can be regarded regard as a
filter for certain frequencies.

30 Standard compression algorithms do not allow regions of interest to be

automatically specified in images so that they can be compressed with higher quality than



15 conpression of inmage data according to the invention wll be provided
wth reference to Figures 5a and 5b. Conpression of inages using a

di screte cosine transform (DCT) is known. Many inage conpression

al gorit hMO01%4e48 as JPEG use such conpression and have DREHGBH/WHEN to
work well. The principle of using the,pPCT is that the pixels in an inmage
can be 20 regarded as a 2-di nensional signal, which are transforned into
the frequency domain by neans of the DCT. Areas in images where there is
little changRkiRur®@EOtHe RRRPrdkibA N MRSSptind] €If Ak ABgNs tréhul WIS Rl ize
frequenci es whereas areas with greater changes in colour and brightness
are ar ea®f wibyteshheg Whelsaimage i qoatpiessed wih tresamgrquplityde mepoha ragvied filfe human
eye is n % it i taal fr i t is
dsed £ or e GEngE e Uit ol in SRR 08 qubFHTRN, Bor AAYIRABE i on
about | ohspatre alwaysrgquaencinegss tha dvé giors patiesting arelgpeeschasarae€dninat be
transpitted or stored.jn order to restore. the original imge wth

e asoRabI BTG COTRIET HigHags o Pe BFRBRT Haey M uEpertdh g dhieitst

sensi ti Viahd nbtaxh& Padkgeduntll SEIHERRIESe Adahiagsbus W Esthpre&nhdBadke@and eghregar d as
a filter for certain frequencies. 30 Standard con‘gr ession algorithnms do
not al | oWeehigh neomprTessiine Fais (lowo quality )aadh gt Feshlof ythe pwags vath Veryilelges so

t hat the At i WRVE 4

PCT) Gao1F S0E03 O SRR RE SN, I R APt A KhOSRe A e

i mage i simagpuhatad comptrased witlsd zenstapt comprgtag ratdi¢chenlesileng filegézei willdenpr essed
V\,ith1 hetsame qﬁal i;[/é/r fh(F).n”eet t he recguitéed f.i Ile Size,. Wnitch.Ln sgne cases
may fRan Tt REVEVE MEYMFE SRAIRTCSEO VB Ad AYSEPRPERY Y (e Witheve Msr e

al ways pafeingr ithe limpaeson NAdt BiseiniRe ook BERSthity tldNdngabhprebdeat wiali & of
mnor 5 interest only. Consider the inmage to be a portrait. Usually only
the per s6pnstant gemprgssionpiafe fontg whgde iMpgebackground. So it woul d be

advant ageous to conpress the background with a very high conpression rate
(low quality) and the rest of the inage with very |low conpression rates
(hi gh qudhg mgyhod]df thihénvepbemaliovesahp ness $¢ epmprgssean wnagh asipg deffeaentflovelsan

i mage-that I S§. . w.t t Q i rat. he resulting
%! DAk b AGBSRRER UL e BRDSL AN AOPRGRS' OOt B 05,
vari abl earanpthedmagnusing e Viduhl AgentontNigp (WA enp) 30hehichjressddoas dalie. t hi s
i mage | ogks better .t han {,he o[ compres ed Ww.th a copstant con‘E)ression
rate for “A%ECORBIESI9 iR Visual Attention Map 30 will form part of the compressed 1mage

data.

20 The input image is an RGB image, i.e. its pixels are represented by a sum of the three
base colours red, green and blue. Each of the three base colours is represented by an
integer number between O and 255 although monochrome images can equally well be

used.

25 The input image is transformed into YCbCr-colour space and at the same time
decomposed into components luminance (Y) and chrominance (Cb and Cr). As the
human eye is more sensitive to changes in brightness than in colour, the two colour

components Cb and Cr are down sampled using a 4:1:1 down sampling scheme.

30 Then the components are segmented into 8x8 pixel blocks 32, each of which is treated

individually by the compression algorithm. For all components (Y,Cb,Cr), the number of



The method of this invention allows the user to conpress an inmage using
different levels 15 of quality for different parts of the image. A | evel
of quality is determned for a certain area in the inmag i i sual
Attenti %gl%{ﬁmﬁm- map) 30, which is created as earlier. %X#f&eﬂrw/g@sr?%)fressi on,
the Visual Attention Map 30 will formsart of the conpressed i nage data.
20 The input image is an RGB inmage, i.e. its pixels are represented by a
sum of the three base colours red, green and blue. Each of the three base
col ours isnplepneaendiegttiby mast be melipie oftfntoerovids eueenietd pixetbI26ls faf theough
nonochrone i mages can equally wel.l be . used, 25 The |nput | '
transforﬁ@dequﬁ%bp‘f"éﬁ%?s-' Ithﬁﬂn%dg‘@g%rﬁiaesafmi RESL SHe r?qu%&eatgg%lgggd into
conponensndiskdrdanirRidly)crand 6 flamimanegy oG] §ade GrolockdsBédasse dfuoan eye is
nmore sensitive to changes in brightness than in colour, the t cogour
conponensaningathe nombsr ef BoRks BakmAndd/-BigssHign Anugt be ¢ ’Hﬁmeéﬁpﬁl&?ﬁ}bﬁ chene.

30 Then segnepted into 8x8 pixel blocks 32, each of

whi ch§i SEW%%}QE%)QQ?%?%?{&)Ué@yg%y t he conpression algorithm For all
conmponents (Y,Cb,Cr), the nunber of WD 01/61648 PCT/ GBOLl/ 00504 15 sanples
in each directian st be a ltiple of 8 10 provide [ bl ocks
for the Q]B@%ﬁd@ﬂ%ﬁp%‘t&%@g&rﬁqf‘gf{cﬁe (ﬁmnaﬁ)rhtjy i“pﬁcﬁgse&dogféeno {?’gaé? tﬁl)s

requi r empmtTheaekiitigdaificitme e quentaed by aqualdzyr b6, at qdartioation leadsn t he
enpty pi xel space in blocks. Because of down sa IirArg} t he nun‘oerh of
bl ocks i i &redason ofidptacnd dh theuksy Behe imags FYNRIeEons Al qppizgtion the

conpegen Scaltidld 10R8erBPleBbMfHcit @ iihouePbO HoweSert bRRSHRr Tgehntiitont he
freqﬁj@ncgfma orr%aWn by %%ans eof a CIDZDCT.(_I(:_)grvvard.DC'IQ)e 12. T%e resul ting
coef fi ci ebles Sawhichiverbodigs titei wethnisgnsdti vjaletspzed frequenties, he 0T ¥4t heoy® | eads

to a reductign of. data and js-the k he. | r I : er
quanti z af‘inﬁllrl\ (a}aﬁét 10 0% Pr%gcﬁ)%g !'g’h Th%? Vgﬁéfeé&gégarqgg g% gﬂ“ﬁ@%ﬁ\?\f ?ﬂ%&tz ﬁfa(;rnr or.
However , céafficishinZp, aviighantusédtd anate tvabligy k8elnhif gloal@ptaochirding tth¢hehMrsaal
sensitivity to spatial frequencies, the error can be so small that it is
not per c&penimeMani@ 19rdleimage- quanti zation is influenced by a quantization
coeffgcient 20, which is used to create varying levels of quality according

to the Visual Attention Map 30 for the inmage. 15
After quantization, each block is converted into a 63-dimensional vector by means of a

zigzag-scanner 22. This puts coefficients for low spatial frequencies to the beginning of
the vector (low indices) and coefficients for high spatial frequencies to the end (high
indices). As coefficients for high frequencies usually become zero as a result of the
20 quantization, long sequences of zero are created by the zigzag-scanning process. The
zigzag-vector is then encoded with a run-length encoder 24 and the result is stored in two
arrays, a run length array 26 and a level array 28. Finally, when all blocks have been
processed, these two arrays are entropy encoded by an entropy encoder 50 and the
resulting byte array 52 is written to an output file together with the Visual Attention Map

25 30 and general information about the image. The file format will be described later.

Decoding (decompression) of the image will now be described with reference to Figures
6a and 6b and then the function of the individual parts of the coder and encoder will be
described with reference to Figures 7 to 11.

30



After quantization, each block is converted into a 64-di nmensional vector by
nmeans of a zigzag-scanner 22. This puts coefficients for |ow spati al

frequenc 5&&%ﬁ§%he begi nning of the vector (Iom/indiceskﬁgqg%éﬁﬁlf|0|ents

for high frequencies to the end (high indices) % ent s
for high frequencies usually becone zggo as a result of the 20

quanti zation, |ong sequences of zero are created by the zigzag-scanning
process. The zigzag-vector is then encoded with a run-length encoder 24
and the Thsdktodirg oft teddhage dtawndanecwswct'ammfrihb emggehisathe ayve2® efndiea | evel

array 28. Fina en all S. have een cessed, it arrays
are entr® n%ﬁﬁoc%gegd‘y%f/n éeraﬂl Aoy ?0@9 s gbthep%yq% e Y %gslﬁl frftn%ntb\,@?’ e ar ?/ay
52 is wriédo@éd b aalen@uppdécdded 60 ta@@etehesum stegmtellaed ‘»ﬁte ua{ay Abt engle®x8Map 25
30 and general I nformation about {he imge. grnat ﬁ%&f bE

e VeBE

Gosor | pOBorks Ghe et AgMEeaBTrORS BRfiea T el et 1y o
descrd beQTc\Mi&J%Zr ?&ﬁ'{i@rg&gs 519 8k8-GMh dﬁ@ ma@ﬁx QHQg 1%0&55 higtad f@nddiatin@n of the

i ndi vi du parts of the coder encoder will be described with reference
to Figur éequﬁnmzwdby a @UMZMWGQS@%MP@T@GW QBB0Zation gabh é8 mﬁm wéthof t he

| mage datz 918 nnsetdrfu&%l R0 v M he3(¥ e tb% éﬁ% t{.{n'?%%mgf b§§< mgodi ng

process He¥ Hove. O the” i rage I'rst
ent r opy ﬁd@&ﬁ&edmbmnamoemhmopyndeﬁpmemhﬁﬂbamdmhhefmemuhtsdsegnﬁameﬂ into

array for single 8x8 block The .arrays for si ngl e bl ock are then
run- IengFﬁ"ﬁeﬂﬁﬂéaaH§ﬂﬁr?ﬂﬁl¥8H§?H“§W§QEBBE?”5?r“?gﬁPﬂ@?%H” "%h’§§8 sanpl e

MatryX UgrQOcdntfonk i \e8ias€are WIEPQ RaHdREThe GthaPitthge SBRUAH b €6 copdhents
dequanti zer 66 using an appropriate quantization table 18 toggther W th
f

i nf or mat arerwpebmaled ading divparti Herpgktivn 58, 68ThR MThepesulitngd magaitdfkehnedeback
fromt hegué r ‘%H&Xnglﬁélﬁ}}n’élgé B us%odm‘i’c%?’b‘adcgﬂg%ﬂ tlYeall 8 Y1 HRAG dpp% an

i nverse ete costne anst orner resu is store

di f f er ento iarorigyml fi@e. each conponent. Finally, the 10 three conponent arrays
are used to conpose the final image. The Cb and Cr conponents are up
sanpl ed using linear interpolation filters 68, 69. The resulting inege is

li kedy t ghdeornlaBbO6TE 8%k Bikel BRcIRr 30 (Mdlred FRGE cheoaLGR @fzitl @G Haktkeng, and
the image has to be cropped to its original_size, 15 The formation of 8x8

pi xel bl welksoeize(iﬁcgm%@ rsoraﬁetaé)mfhrref%ﬁnﬁet%?lg@ﬁeﬁalamﬁa G Bimge wll now
be described in nore detail with reference to Figures 7 and 8

The transform from RGB values to Y, Cb, Cr values is given by the following equations:

Y = rnd(0.299- R +0.587-G +0.114- B)

Cb=]-0.1687-R-0.3313-G+0.5- B+128

Cr=[0.5-R-0.4187-G-0.0813-B+128
20

R, G, B are in the range of [0, 255]. Y, Cb, Cr are also in the range [0, 255]. R, G, B and
Y, Cb, Cr are integers.

The Cb and Cr components are down sampled using a 4:1:1 down sampling scheme. For
25  every second pixel in x- and y-direction, all three components are stored. For the rest of
the pixels, only the Y component is stored. This means that for every four Y samples
there is one Cb sample and one Cr sample. This down sampling is illustrated
schematically in Figure 7 Thus, the Cb and Cr arrays are just a quarter of the size of the Y
array. This can be done because the human eye is much more sensitive to changes in

30  brightness (Y) than in colour (Cb, Cr).



The transformfrom RGB values to Y, Cb, C values is given by the follow ng
equations: Y = rnd(0.299R+0.587G+0. 114B) Cb=L-0.1687R-0. 3313G+0. 5B+1281
Cr=L0.5R.0. 4 0.0813B+1281 20 R, G B are in the ran 55]. Y,
Cbh, Cr awgg#gg“?in the range [0, 255]. RL G B and Y, Cbgl?c%]}éll(r?ﬂeoﬂlant egers.
The Cb and Cr conponents are down sanplired using a 4:1:1 down sanpling
schene. For 25 every second pixel in x- and y-direction, all three
conponents are stored. For the rest of the pixels, only the Y conponent is
stored. This neans that for every four Y sanples there is one Cb sanple
and one sample. This d ampling s i r hematically in
Figure 7 ‘?’J%?J)"f‘ﬁlélgéﬁdgﬁ%ﬂgg}e PreRye ag?%u%jt angaleaZBngga‘r% ér0§gf the size of the Y
array. This can be done because the hunman eye is nuch nore sensitive to
changes in 30 brightness (Y) than in colour (Ch, Cr). 01/ 61648

PCT/ GBO1/Brsamse of doviosRlingndrige 43t d‘éaééﬁ‘i %’&H’%P@Hﬁéé%brpg\gl H}%ghg P§Fl dat a by
a factor iR HReaaMsSs i saHpNR 2amRld 19 BOdubegudntGrodelidty abdds GeraRONENt S
are broken ?nio 8x8 pixeﬁagg blogks, t he nunbe?lof%%anplé% required for the
subsequemnulppeed 8 nganieedigedtionfer 4l compongigs.e of 8 in x- and y-direction
for all conponents. As can be seen in Figure 7, to forma bl ock of 8x8
sanples, an array of 8x8 input sanples (RGB-sanples) is needed for the Y
conmponent As ¥dieeaasn mrFigure dytooforrk @bl@kiofiBud saapipd, es arrdofl REBap@nsphpe) i s

needed for the Ch and Cr nponent. A 16x 16 input sa array is referred
Lo as a WRAHSIIRED ~ nerded BYaRe Srommoartatierss o8 day BLIo 0 BBRSHTDIES
defi ngd aRGH-BSnpIBY i HERIE Y& thefc sHdeCcesdm Eﬁtﬂﬁdléxﬁﬁih?.\t\é&nmparﬁ ithe 4

0

sanpl e blocks formng the macro-block. 15 The nunber 8x8 pi xel bl ocks
in x- andefermgil tees paraciasblgik.ehheplgvelind iptrepiofiy Aok &pmpaRent iy ¢fBedhps bXCh, Cr

16 [ hei ghﬂhl maQin%%n %’vel]‘@f interest defined in the VA map of the 4 sample blocks forming the

macro-block.

15  The number of 8x8 pixel blocks in x- and y-direction is given by the following equations:

width
bxc, ={ 16 —‘

height
bbe,Cr —’V 16 ‘l

20
In these equations, width is the number of input samples (pixels) in x-direction of the
input image, and height is the number of input samples (pixels) in y-direction
respectively. The total number of samples required in the image after samples are added

at the boundaries can then be calculated as:



bxY=[wi dth]-2 16 byY _ [height] 2 16 20 In these equations, width is the
nunber of input sanmpl es (pixels) in x-direction of the input image, and
hei ght i ;% ‘%nber of input sanples (pixels) in y-diregd98p01/00504
respectlvely e total nunber of sanmples required in the 1nmge a? ter
sanpl es are added at the boundaries t8an then be cal cul ated as: WD 01/ 61648
PCT/ GB01/ 00504 18 SxCh,Cr bxCh,Cr 8 SyCh,Cr = bYCh,Cr '8 sxY =bxy 8 syy
=by, - 8 The nunber of sanples to be added at the boundaries can be
calculated: rwidth | PXCh, Cr —.S&Qb =@xcye, B 5 1 Pycb,cr = sych,cr -

height | 2 pxy = sx. - width Xy -.deight Additional sanples should
be added such that no high spatl P“fre ﬁéhC|es are generated. This is done
by extending it with the boundarygsanmpleg. This is easy to inplenent and

10 automatically produces either & holi zontal or no verti cal frequenci es.
However, high frequencies in one #rre@ti8n may still be produced, depending
on the content of the image at its boundary. First, all rows are padded
with the value of the |ast sanple at the boundary and then the colums are

padded afhenvabdof sdmiplef @ iEaidi@Natdhie BotRdRicsehn Bk eglkdatedr om t he i mage is
shown schematically in Figure 8

width

PXepcr = SXcpcr — 5

5 .
height

PYcbcr = Yevcr — 5

px, = sx, — width
pyy =Sy, — height

Additional samples should be added such that no high spatial frequencies are generated.
This is done by extending it with the boundary samples. This is easy to implement and
10  automatically produces either no horizontal or no vertical frequencies. However, high
frequencies in one direction may still be produced, depending on the content of the image
at its boundary. First, all rows are padded with the value of the last sample at the
poundary and then the columns are padded afterwards. The formation of 8x8 pixel blocks

from the image is shown schematically in Figure 8

15
For decompression of the image the inverse of the colour transform above is defined as
follows:
R =rnd(Y +1.402-(Cr-128))
G = rnd(Y —0.34414-(Cb - 128)-0.71414-(Cr —128))
B =rnd(Y +1.772-(Cb~128))
20

For the inverse colour transform, the resulting values for R, G, B may exceed the valid
range of [0, 255] because of rounding. Thus, exceeding values are clamped to the

minimum value and maximum value, respectively.



15 For deconpression of the inmage the inverse of the col our transform above
is defined as foIIows: R = rnd(Y+1.402-(Cr-128)) G = rnd(Y-0.34414. (Cb-128
-0.7141 =rnd (Y + 1.772 (Cb -128)) 20 Forl,tct}gG e col our
transfoﬁ&]goll/%i(’% esul ting values for RR, G B may exceed the va 1%05'29 iggange of
[0, 255] because of rounding. Thus, exxeedi ng values are clanped to the

m ni mum val ue and naxi mum val ue, respecti vely. WD 01/61648 PCT/ GBOL1/ 00504
19 The Di screte Cosine Transformis used to transformthe sanples into the
frequency domain The Forward Di screte Cosine Transform (FDCT) used by the

(v 1y viihe Pary® G050 ety Spa Jo BRI sahprs 1RQnp WARALT P2
[0, 7] ThGoﬁl@iﬁp’ﬂﬂtemr“&ahbige&:tesCpg{naﬂ‘mn%ﬂbE(FBCBfmséd ey thertrasformert heis

conputation of the FDCT to centre them around zero by subtracting 128 from
each sanﬁFfé'.‘edltl)’- For deconpression of the inmage the Inverse Discrete Cosine

Transformused by the ipverse discrete Qsi sippper 67 is defined
by: 1 Z2j, ()X) (2>S+J,)=u!z1€z()Q(ﬁﬂ}Ez “cei'(‘—g?f[— St~ cos cos 4 u=0 =0
16 16 x=0 y=0
u,v=[0,7]
5 1
— 1=0
c(i)=42
1 ;else
i=[0,7]

The component samples sy, are DC-Level-Shifted prior to the computation of the FDCT

to centre thern around zero by subtracting 128 from each sample.

10 For decompression of the image the Inverse Discrete Cosine Transform used by the

inverse discrete cosine transformer 67 is defined by:

1 &G (2x+l)u7r (2v+1pz
*’-"—Zégc 6 16
%,y =[0,7]

1 .
7

1 ;else

i=[0,7]

To reverse the DC-Level-Shifting, 128 is added to each sample sy, after the computation
15  of the IDCT.

The quantizer 16 operates as follows. Each of the 64 DCT coefficients from the
transformer 16 is quantized by the quantizer 16 using values stored in the quantization
table 18. The quantizer step size S, for each coefficient is calculated from the value of
20 the corresponding element Q, . from the quantization table multiplied by a quantization

coefficient, which represents the level of quality as defined by the Visual Attention Map



.z,v=[0,7] 11 =0 ; ci . =-F21; else | =[0,7] To reverse the

DC- Level -Shifting, 128 is added to each sanple s,,y after the conputation
15 of the IDCT. The quantizer 16 operates as follows. Each of the 64 DCT
coeffici &¥R 81416 the transformer 16 is quantized by thePgl&Bo1/61p4 16
using values stored in the quantizatigy table 18. The quantizer step size
5,,,, for each coefficient is calculated fromthe value of 20 the
corresponding element Q,,,, fromthe quantization table multiplied by a

quant i zat3gofhe i@mi&i@nawle o Ehihé SPERISRNLS spaial fradhcief ofdHahidyn ag def i ned
by the Visual Attention Map WO 01/61648 PCT/ GB01/ 00504 20 30. The

quant i zatang s destypdempirically. ' whdiffgeeRsRpanfizpyorofablgsaare pyedfoneg derdARinagceof t he
human ey i i3V, e i fferent i i bl es
e Usod orOfrhS(CRAGE BFEMORERLY cofihele (CB AR R GRler R, Hiud
conponentsge(f@thagen@e)tion@d wbroaihgnce chedtisieryp is geater than thahr thednmimaatd on of
chro 'nancef coef f.i Ci enh}g ifsmgr eat er than .tt hatt for .the | um ngncte 5

coef f Pci &L CAELTERSE HE MRS & 'S SHHYE IR TP ) AU P BaRe BFE % N Uni nance
than t o epEeRbmindnBe.chrom nance. Quantization is defined as follows: Su., =
rnd Su., Qu,v Cgd cq, 0.5+q" 32 q, =[0,255] Cg., =[0.5,8.46875] 10
Where the factor g, inis the quality level factor as defined by the visual

attenti OrQL{Eﬂ@za:{-ign is defined as follows:

g, =[0,255]
c,, =[0.58.46875]

10
Where the factor q in is the quality level factor as defined by the visual attention map 10.

in this embodiment of the invention the visual attention map supports four levels of
quality, which are stored using two bits, these levels are mapped to appropriate numbers
defining the quality level factors. The quality level factors for the individual levels of

15  quality are stored in the compressed image file.

For decompression of images the inverse quantization function is given by the following
equation:
d _
Su,v - Slj]» : Cq,l : Qu,v

20 In this embodiment of the invention the quantization table for luminance coefficients is

defined as:

12 (14 | 14 | 18 | 24 | 49 | 72
12 | 13 | 17 | 22 | 35 | 64 | 92




in this enbodi nent of the invention the visual attention map supports four
| evel s of quality, which are stored using two bits, these levels are
mapped t iate nunbers defining the quality |evel The
quality ﬁg@gp&ggitors for the individual levels of 15 qugﬁﬁgéﬁgﬁgﬂgtored
in the conpressed inmage file. For decenpression of images the inverse
quanti zation function is given by the followng equation: d g S = Su,, '
cq,r ' Qu,v 20 In thi enbodi nent of the invention the quantization table
for lumi nance coefflici@nts| il8 | &efli Med 2% 37 US55 P78 P98 YU 56 7 0 16 12
14 14 18 24 49 72 ‘ 322350492 WO 01-61648{PCT/ GB01/ 00504 21
2 10 14 16 22 37 59 1016194 A 56%h 7] 88 | 254 26 40 51 68 81
103 112 5 40 58 5 19 204 121 490 516} %8 p@16P1@0] 1B 113 120 103 7 61
55 56 62 77 92 101 1kt he guantization table faor chrgm nance
coefficients is def asf 40V 88+ /1 & 3199 651@+ |7121p HOP 18 24 47 99 99 99

99 | 18 21 26 66 9 44 21 98 9979059 3 47 66 99 99 99
99 99 99 4 99 99 g ég 980536945 %)g 383 ;31%91%% Btgi 99 99
61 | 55|56 |62 |77 |92 ]|101| 99

18 {24 [ 47 | 99 1 99 | 99 | 99
21126 |1 66 | 99|99 | 99 | 99
26 |56 |99 | 99|99 99 | 99
66 | 99 | 99 | 99 | 99 | 99 | 99
99 1 99 |1 96| 99 | 99 | 99 | 99
99 199 199 | 99 | 99 | 99 | 99
99 199 1 99 19919999} 99
99 1 99 | 99 {99199 | 99| 99

5  After quantization, the 64 coefficients will include many zeros, especially for high
frequency coefficients. In order to create long sequences of zeros, the 64 coefficients are
converted from an 8x8 matrix to a 64-dimensional vector z and reordered in zigzag-

sequence by the zig-zag scanner 22 as shown schematically in Figure 9.

10  As the vector resulting from the zigzag scanning includes long sequences of zeros, run-

length coding is used to reduce the amount of data.

Each value in the vector is represented by two output values, called a run-level

combination, one defining the number of preceding zeros and one defining the level



6 99 99 99 99 99 99 99 99 7 99 99 99 99 99 99 99 99 5 After quantizati on,
the 64 coefficients will include many zeros, especially for high frequency

coeffi ci .. In order to create | ong sequences of zeros
coefficﬂgﬁ®§6§?€ converted froman 8x8 matrix to a 64- d?&gﬂ§¥@§% vector z

and reordered in zigzag- sequence byzbhe zig-zag scanner 22 as shown
schematically in Figure 9. 10 As the vector resulting fromthe zigzag
scanni ng i ncludes | ong sequences of zeros, run- length coding is used to
reduce Khﬂudnﬁhh¢n0ﬂZdahahwEhHmNMgRMB%HWﬁEthV@DSdfaMSﬂUQDk@QWh@GUBby t wo
out put values run-|evel . nb nation efining.the nunber of
pr ecedi ng° {@?3§g§hﬂ“8ﬂ%1H%??ﬂ?ﬁ&”ﬂﬁg évgﬁ %@P%ﬂ?éT%fﬁg%é?F%§EEP68go4 22
(val ue) ©f otihesed0Thig8petial abmbinh@dr ©\vhiNgl thbiendethledicEQH) cambination.f al |

val ues followi ng the |ast run-|ength-encoded value are zero in the vector,
a special run-length conbination of (0, 0) is used. This speci al

CO”b'snatl%;é%Q%éeSoJQHé h&drd Hethe sk cRe éﬂs%ktrafng% %rm‘sm&rh&ﬁ of heBeGIse of the

nat ure iscrete cosine transform the first elenment of the vector is
the DC cbefPCceefficioft phahd n@nsfﬁquednagmg@tadéfﬂla D®h eodificienfefst irepteht is

treated ci &I r{eﬁt nt l fA’é) rcpoéf me@ﬂ %eiJh'xeC hg%%ﬁ be e ﬁgcl H%P'é Hf'f‘ ereyMcl: Iof be

encoded Fence o e curren ern1 Tromt previous DC

term Thhé cudrért DIE Qduﬁﬁoﬁlnthé Ipegviouy rbeéltﬁnt dhlﬁwﬂbﬂﬁ)dummilevmhﬂnbhelt@

reduci ng the anpunt of data in subse ue entro codi n The, 10_two val ues
bicgErL pidp

for run eageds &peh wilkhdnegyeing phe paoy Idéﬁdf‘ﬁu Yaodngo TH 1 ays,

the 1g unsloe@lel far ﬁﬁYan%Qe@éTQret HBRpht@ethe ¥ PhgdBencolidrcl ANGR @tays,he t he 8x8
pi xel bl ock have been processed are used by the entrog encoder 50 to
i

further medength amey aroodttheolevelaaray 287 I’\\‘éllqhevfellesalb?%théé}lx ixgl ddpchdraiel | ows:
151 t i of
Zi gzggC( Fge\elé 8€ (:egse Pbgl(uléec}(l};%(the Jeﬁt?o;rééﬁ%g?&%b@ B.}Mh%&?edu?rebthé El)nobm?f gﬂ@n 1o

The levels are calculated as follows:

Ipe (k)= z,(k)~ ch(k ~1)

Lac, (k) = Zi(k)

where

Z; (k) = Element i of zigzag - vector of block k
i=[1,63]

k = Block number =[0,1,2,...]

Ipc (" 1) =0

For decompression the inverse level encoding is calculated as follows:



1DC(-1) =0 For deconpression the inverse |evel encoding is calcul ated as
follows: WO 01/61648 PCT/ GBO1/ 00504 23 zo(k)="DC(k)+IDC(k -1) 2z, (k)="AC,;

(k) whegs, ér = Elenent i of zigzag - vector of block 63 k =
Bl ock nunber”ﬂg 0,1, 1DC(-1) =0 An exanpl e of run- I%%UGEOé%%%Glng

fol lows: a run-Ievel - conblnatlon in tés exanple is witten as (r, 1),
where r is the run-length of zeros and 1 is the level follow ng the zeros.
Let the input vector for the run-Iength-encodi ng be 5 1-126, 26, 43, 2, 2,
1, 1, 0, 0, 0, 1, 0, 0,zdk=lhak)el,66-0, 0, O, 0} (64 values in total)
and t he precedlng DC te ylg(gThe run- Iength encoded data will then be 10
(0, -7), (0, 26), (0O, 4-2; (0, 2), (0, 1), (0, 1), (3, 1), (2, -1).
(0, -1), (0, 0) The twoW Fput vectors might then ook like this (the grey

val ues are val ues fron1%?g }ﬂ@ﬂ&hDgﬁﬂgh@CK}a0@§wﬂod(k 2. 3. t, }, 0, 0, O,
o, 0, 00 0, 3, 2, 0, 0 g vector) and |. 1, 1. 2, -1, 0, -7, 26,
43, 2, 2, 1, 1, 1, -1, 12 1 (level -vectar) 20 After run-Iength-encodi ng,
the run vector and the ke@&kkmaamer—&IHZCdnbined and entropy encoded by an
entropy encoder as shown bously in Figure 5b. This reduces the nunber
of bits per pixel. EntrBﬂe encoding i s done by neans of a nodified Huf f man

table f oranéxran?ﬂ:v@ rufi Q&R aldoaitg fohews:aCfmtleSbmbIr@Ase i thys exbigpldisnber  of
bits for the 25 code used to represent frequent conbinations is the |ower

t he nor e WtteB ARt D Weere pis-thg sipdpngh pbraiat s ipte lgvs! follgwieehe £¢1es-i mage fil e
size 10 fethPidPiMectorifbrtRl rindBhSnlefcdtiffhe WO 01/ 61648 PCT/ GBO1/ 00504

5
{-126,26,43,2,2,1,1,0,0,0,1,0,0,-1,-1,0,0,0,0,0, ..., 0} (64 values in total)

and the preceding DC term —119. The run-length-encoded data will then be
10 (0’ -7)9 (O’ 26)’ (O' 43)’ (0~ 2)’ (O’ 2)’ (0’ 1)’ (07 1)’ (3’ 1)7 (2’ _1)3 (0! —l)’ (07 O)

The two output vectors might then look like this (the grey values are values from the

previous block):
15 {....2.4.0,230.0,0,0,0,0,0,0, 3, 2,0, 0} (run-vector)
and

{... -1 1.2,-1,0,-7,26,43,2,2,1, 1, 1, -1, -1, 0} (level-vector)
20
After run-length-encoding, the run vector and the level vector are combined and entropy
encoded by an entropy encoder as shown previously in Figure 5b. This reduces the
number of bits per pixel. Entropy encoding is done by means of a modified Huffman
table for run-level-combinations that occur most frequently. The number of bits for the
25 code used to represent frequent combinations is the lower the more frequent the run-

level-combination occurs. To keep the image file size to a minimum, a fixed table is used.



24 This table has been derived enpirically froma |large set of test inages.
For sone imges, dynamc Huffnman code tables may lead to smaller file

Si zes, i st cases the Huffman code table used in _thi i ment of
bR Bt fad

the inv Il lead to smallest file sizes. 5 Al r

conbi nati ons are encoded using the fo}4d owi ng schene: If there is an entry
in the Huffman code table for the run-1level conbination to encode, then
the code fromthe table will be used. To encode positive and negative

| evel s, @hissatd@hdsi ieen deqputd empificadhytfroaph atldree s dé tebakegef. Fonsdrheinagps,e. 10
If there.is no ry in the Huffman .table for..a certain run-I|evel

conbi nat inh"‘,“.“f ﬁg'ﬁhf’%b Cf’qeofal%g\ﬁ/i Iﬁﬁyng a&n@a?%all%cfp%gjlzg% hete M hEES B Nised.

St andar dpgfrgiafGolis 1t ievad thy es@iotlinigt bh eheSingéhtdhtwilldedd 1 ghdiRwedieby one
of two possible Escape (ESCI, ESC2 nmarkers. The next 6 bits represent the

run-| engéBesas unsi gned 15 binary code, and finally the level follows. The
level;wi || be encoded as signed binary code. If the level is within [-127,
127], the ESCL marker is used and the level is encoded using 8 bits. If

t he | evelAll sinvietdiicompin26éns apS&]codedesitzSaR fotkomiieg schemersed and the level is

encoded usi_n 20 9 bits. Al is sta he | evel cannot exceed [.-255,
She i fhererinan PRk B DG R i le br g Y (Ehel G FaUos i Preatient o
encode the fheyele colb fiotthe thhl€ winbgastd. as@lesdeepdsal vé@nanedativeaefdyd, ai ent
will be even smaller than 200. 25 For the nbst comon run-| evel

conbi nat i onggn bit [t ifeliont of BregodeitakpmEgmithataplst | owing table is used. This
L2015y 3L g I S DAAP e R0 MR SRERBThE
code. Run LfeVewirgatmdiidicodimp scioahe hasnalbd tsebi t coge (bin.) 1 gngt h 8 1211
0000 0000 0000 0011 WO 01/61648 PCT/ GB01/00504 25
Standard coding is achieved by setting the sign bit to 1, followed by one of two possible
Escape (ESC1, ESC2 markers. The next 6 bits represent the run-length as unsigned
15  binary code, and finally the level follows. The level will be encoded as signed binary
code.
If the level is within [-127, 127], the ESC1 marker is used and the level is encoded using
8 bits.
If the level is within [-255, 255], the ESC2 marker is used and the level is encoded using
20 9 bits.
At this stage, the level cannot exceed [-255, 255], which is the reason why a maximum of

9 bits only is sufficient to encode the level. In fact, the largest absolute value of a

coefficient will be even smaller than 200.

25  For the most common run-level combinations, a Huffman code as defined the following
table is used. This table is sorted by run and level and can be used for the encoding. The

encoder uses the run-level-combination to look up the corresponding Huffman code.

Run | Level Code Huffman code word 16-bit code (bin.)
length
0 1 2 11 0000 0000 0000 0011




0 2 4 0100 0000 0000 0000 0100 0O 3 5 00101 O 4 7 0000110 O 5 8 00100110
0O 6 8 00100001 O 7 10 0000001010 O 8 12 000000011101 O 9 12 000000011000

0 10 12 0011 O 11 12 000000010000 0O 12 13 0000 &éﬁ 13 13
00000006&%88%986 14 13 0000000011000 O 15 13 0000000010%%%9 %@514
000000000111112 O 17 14 000000000111125 O 18 14 00000000011101 O 19 14

00000000011100 O 20 14 00000000011011 O 21 14 00000000011010 O 22 14
00000000011001 0 23 14 00000000011000 O 24 14 00000000010111 O 25 14
000000000101100 O 26214 0000000001@101 O 27 14 BOEOCOOCADAI®O | O 28 14
0000000001004++—612914—066660000010016—06—360—14-66000066616661+— 0 31 14
00000000010900°W0 017 61648 PCT/ (%6119100504

0 4 7 0000110

0 5 8 00100110

0 6 8 00100001

0 7 10 0000001010

0 8 12 000000011101

0 9 12 000000011000

0 10 12 000000010011

0 11 12 000000010000

0 12 13 0000000011010

0 13 13 0000000011001

0 14 13 0000000011000

0 15 13 0000000010111

0 16 14 00000000011111

0 17 14 00000000011110

0 18 14 00000000011101

0 19 14 00000000011100

0 20 14 0000000001101t

0 21 14 00000000011010

0 22 14 00000000011001

0 23 14 00000000011000

0 24 14 00000000010111

0 25 14 00000000010110

0 26 14 00000000010101

0 27 14 00000000010100

0 28 14 00000000010011

0 29 14 00000000010010

0 30 14 00000000010001

0 31 14 00000000010000




26 0 32 15 000000000011000 O 33 15 000000000010111 O 34 15
000000000010110 O 35 15 000000000010101 O 36 15 000000000010100 O 37 15
000000000010011 O 38 15 000000000010010 O 39 15 000000000010001 O 40 15
00000000¥0206H@8 1 1 3 011 1 2 6 000110 1 3 8 00100101 PLTAGBE/00¥E0001100
1 5 12 000000011011 1 6 13 00000000 10 1 7 13 0000000010101 1 8 15

000000000011111 1 9 15 000000000011

0 1 10 15 000000000011101 1 11 15

000000000011100 1 12 15 000000000011011 1 13 15 000000000011010 1 14 15

000000000011
16 00000000

16 0000000000010010 1 17

3 10 0000001

00 5 T SRR T 15 00000000

010 33 15 000000000010111
0 34 15 000000000010110
0 35 15 000000000010101
0 36 15 000000000010100
0 37 15 000000000010011
0 38 15 000000000010010
0 39 15 000000000010001
0 40 15 000000000010000
1 1 3 011
1 2 6 000110
1 3 8 00100101
1 4 10 0000001100
1 5 12 000000011011
1 6 13 0000000010110
1 7 13 0000000010101
1 8 15 000000000011111
H 9 15 000000000011110
1 10 15 000000000011101
1 11 15 000000000011100
1 12 15 000000000011011
1 13 15 000000000011010
1 14 15 000000000011001
1 15 16 0000000000010011
1 16 16 0000000000010010
1 17 16 0000000000010001
1 18 16 0000000000010000
2 1 4 0101
2 2 7 0000100
2 3 10 0000001011

0000100 2



WO 01/ 61648 PCT/ GBOL/ 00504 27 2 4 12 000000010100 2 5 13 0000000010100 3
1 5 00111 3 2 8 00100100 3 3 12 000000011100 3 4 13 0000000010011 4 1 5
00110 4 2 10 0000001111 4 3 12 000000010010 5 1 6 0001

00000010%2 °1/81648 13 0000000010010 6 1 6 000111 6 2 12 oogéEGgTi?%%4 6 3 16
0000000000010100 1 1 6 000100 7 2 1200000010101 8 1 7 0000111 8 2 12
000000010001 9 1 7 0000101 9 2 14 00000000010001 10 1 8 00100111 10 2 13

0000000010000 11 1 8 00100011 11 2 16 _0000000000011010 12 1 8 00100010 12
2 16 000000000Q011004 (13 128 00VOOW@O1A®O2 16 |{0000000000011000
2 5 13 0000000010100
3 1 5 00111
3 2 8 00100100
3 3 12 000000011100
3 4 13 0000000010011
4 1 5 00110
4 2 10 0000001111
4 3 12 000000010010
5 1 6 000101
5 2 10 0000001001
5 3 13 0000000010010
6 1 6 000111
6 2 12 000000011110
6 3 16 0000000000010100
1 1 6 000100
7 2 12 000000010101
8 1 7 0000111
8 2 12 000000010001
9 1 7 0000101
9 2 14 00000000010001
10 1 8 00100111
10 2 13 0000000010000
11 1 8 00100011
11 2 16 0000000000011010
12 1 8 00100010
12 2 16 0000000000011001
13 1 8 00100000
13 2 16 0000000000011000
14 1 10 0000001110




14 1 10 0000001110 WD 01/ 61648 PCT/ GBOL/ 00504 28 14 2 16 0000000000010111
15 1 10 0000001101 15 2 16 0000000000010110 16 1 10 0000001000 16 2 16
0000000000010101 17 1 12 000000011111 18 1 12 000000011010 19 1 12
00000001 Y5041/61648 1 12 000000010111 21 1 12 000000010110 PODGBOHEPs04
0000000011111 23 1 13 0000000011110 ,@4 1 13 0000000011101 25 1 13
0000000011100 26 1 13 0000000011011 ~27 1 16 0000000000011111 28 1 16
0000000000011110 29 1 16 0000000000011101 30 1 16 0000000000011100 31 1

16 000000000Dp014011 900D 00RO O00WboddtbboodEOBI FF0O 2 10 Marker ESC |1 S =1 2
10 Mar ker ES S = 1 6 D0O0O001 rker The sanme information is used for
decodi ng of thé5| rmagé dat a.'l.OTh?. aQQ@Q@i)hlablel i s shown here sorted by code
{JgggtPheT?Ieie;%atcg%euaﬁg %tslg?ggﬂ?dggg?%wﬁgyl ook up the - S vhien
run-| evel - copbiéat/i on. Run lcevel| g0od@ 1bod f man clode word 16-bit ¢ode (bin.)
length 16 2 16 0000000000010101
17 1 12 000000011111
18 1 12 000000011010
19 1 12 000000011001
20 1 12 000000010111
21 1 12 000000010110
22 1 13 0000000011111
23 1 13 0000000011110
24 1 13 0000000011101
25 I 13 0000000011100
26 1 13 0000000011011
27 1 16 0000000000011111
28 1 16 0000000000011110
29 1 16 0000000000011101
30 1 16 0000000000011100
31 1 16 0000000000011011 | 0000 0000 0001 1011
EOB | S=0 2 10 Marker
ESCl | S=1 2 10 Marker
ESC2 | S=1 6 000001 Marker

The same information is used for decoding of the image data. The above table is shown

here sorted by code length. This table is used by the entropy decoder 60 (Figure 6b),

5  which uses the received code and its code length to look up the run-level-combination.

Run

Level

Code
length

Huffman code word

16-bit code (bin.)




WO 01/ 61648 PCT/ GBO1/00504 29 0 1 2 11 0000 0000 0000 0011 EOB S = 0 2 10
Marker ESC1 S = 1 2 10 Marker 1 1 3 011 0000 0000 0000 0011 O 2 4 0100
0000 000 100 2 1 4 0101 0 3 5 00101 3 1 5 00111 10 1 2
6 000110%%9%9%&000101 6 16 000111 7 1 6 000100 ESC2 sPéi”‘]fB‘Z”@g‘%oonL
Marker 0 4 7 0000110 2 2 7 0000100 $1 7 0000111 9 1 7 0000101 O 5 8
00100110 0 6 8 00100001 1 3 8 00100101 3 2 8 00100100 10 1 8 00100111
11 1 8 00100011 2 1 8 00100010 13 1 8 00100000 0O 7 10 0000001010 1 4

10 0000001100 02 3 1D 00O0GDLO1OLK 0000 0000 0000 0011
EOB | S=0 2 10 Marker
ESC1 | S=1 2 10 Marker
1 1 3 |oll 0000 0000 0000 0011
0 2 4 | 0100 0000 0000 0000 0100
2 1 4| 0101
0 3 5 ]00101
3 1 5 |00111
4 1 5 | 00110
1 2 6 000110
5 1 6 |000101
6 1 6 | 000111
7 1 6 | 000100
ESC2 | S=1] 6 |000001 Marker
0 4 7 | 0000110 |
2 2 7 | 0000100
8 1 7 | 0000111
9 1 7 ] 0000101
0 5 8 | 00100110
0 6 8 | 00100001
1 3 § 00100101
3 2 8 | 00100100
10 1 § | 00100111
11 1 8 | 00100011
12 I g | 00100010
13 1 8 | 00100000
0 7 10 | 0000001010
1 4 10 | 0000001100
3 10 | 0000001011
4 2 10 | 0000001111




4 2 10 0000001111 WO 01/61648 PCT/ GB01/00504 30 5 2 10 0000001001 14 1 10
0000001110 15 1 10 0000001101 16 1 10 0000001000 O 8 12 000000011101 O
9 12 00 0 O 10 12 000000010011 O 11 12 0000000 12
0000000%&@%@%&%94 12 000000010100 3 3 12 000000011100 ngQ%§Hé8%600010010
6 2 12 000000011110 7 2 12 000000010301 8 2 12 000000010001 1.7 1 12
000000011121 18 1 12 000000011010 19 1 12 000000011001 20 1 12

00000001011 21 1 12 000000010110 0 12 13 0000000011010 0O 13 13
00000000110p1 50 {14 213 |000DOQEWYAWTO01 0 15 13 0000000010111 1 G 13

O1-0.4-00 1

00000000101 6—17 %3 (GGR?OCQ%g&ﬁﬁII& 5—13—66666060016166—3—4—13

000000001001 #
5 1 10| 0000001101
16 1 10| 0000001000
0 8 12| 000000011101
0 9 12| 000000011000
0 10 | 12 | 000000010011
0 11 | 12 | 000000010000

5 12 000006011011
2 4 12 000000010100
3 3 12 000000011100
4 3 12 000000010010
6 2
/ 2
8 2

12 000000011110
12 000000010101
12 000000010001

7 1 12 000000011111
18 1 12 000000011010
19 1 12 000000011001
20 1 12 000000010111
21 1 12 000000010110
0 12 13 0000000011010
0 13 13 0000000011001
0 14 13 0000000011000
0 15 13 0000000010111
1 6 13 0000000010110
1 7 13 0000000010101
2 5 13 0000000010100
3 4 13 0000000010011
5 3 13 0000000010010
10 2 13 0000000010000




5 3 13 0000000010010 10 2 13 0000000010000 WO 01/ 61648 PCT/ GBO1/ 00504 31
22 1 13 0000000011111 23 1 13 0000000011110 24 1 13 0000000011101 25 1
13 0000000011100 26 1 13 0000000011011 O 16 14 00000000011111 O 17 14

0000000080191 648) 18 14
00000000011011 0 21 14
00000000011000 O 24 14
00000000010101 0 27 14

00000000011101 O 19
0000000001101g; 0 22
00000000010111 0 25
00000000010100 0 28

14 00000000009 /E6H01/9560 14
14 00000000011001 O 23 14
14 00000000010110 O 26 14
14 00000000010011 O 29 14

00000000010(41023 0307 14 oqgoggzig@agglllp 31 14 00000000010000 P 2 14

00000000010001__ 0132 15 000000000011000 0 33 15 0000000000101111 O 34 15

00000000001011® ¢ 36 15 3800 00001610 0 36|15 00000000001010p
24 1 13 | 0000000011101
25 1 13 | 0000000011100
26 1 13| 0000000011011
0 16 14 | 00000000011111
0 17 14 [ 00000000011110
0 18 14| 00000000011101
0 19 14 | 00000000011100
0 20 14 | 0000000011011
0 21 14 | 00000000011010
0 22 14 | 00000000011001
0 23 14 | 00000000011000
0 24 14 | 00000000010111
0 25 14 | 00000000010110
0 26 14 | 00000000010101
0 27 14 | 00000000010100
0 28 14 | 00000000010011
0 29 14 | 00000000010010
0 30 14 [ 00000000010001
0 31 14 [ 00000000010000
9 2 14 | 00000000010001
0 32 15 | 000000000011000
0 33 15 | 000000000010111
0 34 15 | 000000000010110
0 35 15 | 000000000010101
0 36 15 | 000000000010100
0 37 15 | 000000000010011
0 38 15 | 000000000010010
0 39 15 | 000000000010001




0 37 15 000000000010011 O 38 15 000000000010010 O 39 15 000000000010001
WO 01/ 61648 PCT/ GB01/ 00504 32 0 40 15 000000000010000 1 8 15

000000000011111 1 9 15 000000000011110 1 10 15 0000000000
0000000008P18H3® 1 12 15 000000000011011 1 13 15 00000006d

11 15

35‘%‘%16%’65“}1 14 15

000000000011001 1 15 16 0000000000014011 1 16 16 0000000000010010 1 17
16 0000000000010001 1 18 16 0000000000010000 6 3 16 0000000000010100 11
2 16 0000000000011010 12 2 16 0000000000011001 13 2 16 0000000000011000

041110 29 1

S Huf f man

14 2 16 000D00000DO2O1TL I35 [20BGODO0OBOO0000LOII0 16 2 16
00000000000]_(‘\1(‘\1 2'7 1 ’|R nnrnnnnnnnnlllll 1 1R 000000000
26 00000000P00E 1101 & 30 1116 |COBESBE00OIE 100 51 1 16 0000000000011011 0000
0000 0001 1pTTy Sonw exanpd €§ @bodddhbdRn160d€ [f O TOW., RuUn, T€evel
code/ mar ker | Run_lLevel

1 | 10 | 15 |000000000011101

T | 11 | 15 |000000000011100

I | 12 | 15 | 000000000011011

I 13 | 15 |000000000011010

T [ 14 | 15 |000000000011001

T | 15 | 16 |0000000000010011

T | 16 | 16 |0000000000010010

T | 17 | 16 | 0000000000010001

I [ 18 | 16 |0000000000010000

6 3 16 | 0000000000010100

] 2 [6 | 0000000000011010

2| 2 | 16 |0000000000011001

13 | 2 | 16 | 0000000000011000

2| 2 | 16 |0000000000010111

5 | 2 16 | 0000000000010110

16 | 2 | 16 |0000000000010101

27 | 1 16 | 0000000000011111

28 | 1 16 | 0000000000011110

29 | 1 16 | 0000000000011101

30 | 1 16 | 0000000000011100

31 | 1 16 | 0000000000011011 0000 0000 0001 1011

Some examples of Huffman code follow:-

Run, level

Huffman code/marker

Run

Level

(0, -130)

0000001 (ESC2)

000000

101111110




(0,

33 (26,-127) 1 10 (ESC 1) 011010 1000 0001
0 0010 0%&}mﬂﬁ980) 0 10 Al components of i mages conpressgd,,
invention are processed in

This nmeans thas3the first block

used in

| eft-to-right fashion.
in the bottomleft corner of the input

this e

odi nent of the

i mage,

(0,-1) 1 11

(0,1) 0 11

-130) 1 0000001 (ESC2) 000000 1 0111 1110 WD 01/ 61648 PCT/ GBO1/ 00504
(10, 1)

Eﬁgﬂ&ﬁmﬁEthOd
ony up-

of a conponent
the next block is to its 5

is

right, and so on until the end of the block |ine. The next block line is
above tké2®ﬂé@|ous Ulock | i Ke@ESaid al | bl ockOl1i0m@s star 10 00Re eff. This
process { 6 HHastrated—+AHrgure—10—As—eachrbloek—+s—treated—+ndivigdual | y
unti | tré éﬁtropy encbdlng 4ﬁhere are many different ways of creatipg the
bl ock dgt@istream Agthere 115 no need for 1jmages to be decoded 10 pefore
actually receiving gll imm data__a non-interleaving structure has peen
chosen gd14.b) sinplifﬂbs th %ﬁ@éﬂﬂlhn1and cuts down procgssing tine.|This
nmeans t'lcEg f” ot uu«:o of —t+ Y—Cconponent arje processed and stored ] rst,
followed by all blogks for jthe Cb conponent and finally| all blocks for the

Cr conponent. A progressive de/encoding is also possible and is described

| ater. The resulting data streamis illustrated in Figure 11. 15 Inages
conpr esset! BYMBAIAL nEnaget ﬁ@aprafse§ iy sthe methrd BirdapdhiSicaphodiment of e
enmbodi mentyentifn sxlag)ré&kéea% H&tctnhius feRlBRoh{ f8fi6h Mafs healQRA 1RSHVASIHNEG
files). This enbodi ment of the invention conpresses imges using a Visual

At t ent i oref Mmpmpozentvm it thededftionelefidiormesradribe inpyl onagei meteat blpalyes tooilconpr ess
wth diff I r odi ment
a1 t hodigh b and 55 YF kgl e BhE L He-plockic, TRYERR LRI JHEEE addhe Wl o AR
correspo I‘lﬂbdkgmtegar&taaihblbﬂ«/ﬁhhesmfaru antherlestThas proconiy e steteddiadligunt 1O t hei r
conpression rate, thus allowing to conpress the background with a higher
conpression rate (and |ower quality) than other parts of the imge. The
conpr essek ¢hgh bIRES ﬂreﬁltédhﬂﬂlvﬁiuﬁllfi‘dntimh@Eﬁﬂré@ endbdifh, tBérs Qrd Ml ydlfsrehhe

Vi sual Attention Mp. npression rates are the one of the goals
of this evAyedf ,g-gqql{mg)ﬁhq h]@cl; %@t@rﬁrle@m Aérqmey'e assno need for images to be decoded

before actually receiving all image data, a non-interleaving structure has been chosen as it

own

10
simplifies the algorithm and cuts down processing time. This means that all blocks of the
Y component are processed and stored first, followed by all blocks for the Cb component
and finally all blocks for the Cr component. A progressive de/encoding is also possible
and is described later. The resulting data stream is illustrated in Figure 11.

15
Images compressed by using the method of this invention are stored in this embodiment

in the following file format (referred to here as VACIMG files).

This embodiment of the invention compresses images using a Visual Attention Map,
20  which defines different regions in the image to compress with different level of interest.
Four levels are used in this embodiment although more (or fewer) levels could be used as
desired. Regions corresponding to each level of interest are compressed each with their
own compression rate, thus allowing to compress the background with a higher
compression rate (and lower quality) than other parts of the image. The compressed
25 image is then stored in a file, which also includes the Visual Attention Map. As high

compression rates are the one of the goals of this embodiment of the invention, only as



WO 01/61648 PCT/ GB01/00504 34 little information about the inmage as
necessary is stored in the file. Al general infornmation about the inage
conmes first in the file, followed by the Visual Attention Map and then the
conpr essW@ Ol4HY® data. The general information about the®R qﬁé@%ﬂl@%’éi sts of
the nunber of sanples in x- and y-dirgction and the levels of quality for
all four possible 5 levels. In order to allow applications to detect if a
fileis a VACIMG file, a file signature is inserted in front of the
general jiffRgmforffadbiedboon thel hageolak ofvacagaﬁyanl gtopydovi dies fAfl aviegdrieew of the
file format used by VACI M5 i mages e Nane Length in bytes Function
nunber  Bfgmatign abqud the igiage geraes ﬂr\SfAmﬂKstﬁleefo}ﬂowaPh the Yisraleteatios Nl es in

X-di rect e Smd Lfi %Eedzinﬂgmﬁﬁ Bfe g%ﬁ@fﬁi Bforhfti¥i %Ju?%' 191@%';-90431%&%1? 01
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Data d Irmgertéditrafrd:ﬁ of\tHe deyérakinage infbrinidiien. to the file using standard
w ndows bit alignnment in the bytes. The file starts with 6 bytes

representing the characters "V, "A, "C, 'I', "M and "G. Then the
nuTher OMERTBLARIHAN0LORY SOl MG DastGRed a3
?gfigagd by the four qugllty | evel s, Mﬁlch are stgred as unsigned 8-bit
lagr?%ggl}lggiéﬁ% Next NGZIES tengt 1) yte’g\t tentton—Map; F;\{ﬁ‘)cth;/ 61648
number
0-5 - 6 File signature: “VACIMG”
6-7 width 2 Number of samples in x-direction
8-9 height 2 Number of samples in y-direction
10 Level O 1 Quantization  factor for level O
(background)
11 Level 1 1 Quantization factor for level 1 (foreground,
Jow i.)
12 Level 2 1 Quantization factor for level 2 (foreground,
med. i.)
13 Level 3 1 Quantization factor for ievel 3 (foreground,
highi.)
14 -1 VA Map k Visual Attention Map
i-n Data d Image data
10

All bytes are written to the file using standard windows bit alignment in the bytes. The
file starts with 6 bytes representing the characters ‘V’, ‘A’, ‘C’, ‘I’, ‘M’ and ‘G’. Then
the number of samples, width and height follow, which both are stored as unsigned 16-bit
15  integer. The most significant byte comes first. This is followed by the four quality levels,

which are stored as unsigned 8-bit integer number. Next comes the Visual Attention Map,



35 VA Map, which stores the levels of interest (and thus the |evels of
conpression). The Visual Attention Map is represented with two bits per

8x8- pi xely The nunber of blocks in x- and y-direct i i<NEN by
t he equakﬁgﬁﬁgﬁg%n earlier, which is used to calculate thgﬂﬁbﬁggkxﬁf byt es

used by the Visual Attention Map as f8Blows. r 5 k=" 4 Finally, al
conpressed i mage data foll ows. The nunber of bytes used for the conpressed
i mge data i s unknown by the decoder. The decoder nust use all bytes

provi ded b Mape s st thehleveleenigredt tasdrihvrathe levedosl eomergesinrat Teal |y
once the \and,; of rdhli6n szg)eis gﬁe?elﬂf‘eﬂr\wirtﬁ?\gg%ﬂs péxosiff)ﬂgl-@}oéﬁ. 48! nufinkeBf | on Map
ding o n"whi ch t he

al l ows progressive dec an | nage, | nost i nteresting
parts of Hiduksiimagendredidetion ed givien dty. the reghgtaoh downsdanigerawhoh-is nised keaved

structure o store efficient 1 i nage, conponents, an interl eaved
truct ur ealaete B RuBh SFFenuiedih e SisblRrrERTMTBRGIER et " block | <
close together in the data stream 13Jlhs allows the receiver to start
deconpressi ng and buil ding up the kécerzed'inage before having received

f ul

the conplete file. This.is exirenel for.techno such as the
wor ! dw danallanai Gorpaastd i el ias pselme LG BroRE s hrEed

vi deophongsgge JdEGs dlkheas byotht eleSodei OTRE Isioder ac0diengdl btes groated & e
advant ages that can be derived from using a Visual Attention based | mage

Conpr essi&ipnstys thy HRags apd igrminae decgdingeyionatialdyt ongg theypesd phie file has
(IeveI-STg&pﬁga%ﬁpan be sent first, followed by |evel-2-blocks,

| evel -1 -blocks and finally the background bl ocks (Il evel-0-blocks). This
meandOt hat the receiver will get the "nmessage"” of the image a |lot earlier

and he cqul.d even jde to cut, of f the dat tream once enough

0t of et e Rl Aot ik I bBRsil feealink i WilEenlo i 10 a
fixed seguenéRer@fting padts Df tie: @nags tady Hédoded first.M@stbf df Wi » AOCHEdIavand
scanning the 25 i mage u ds line-by-line. So in order to %et t he

g wa
" message"SUBFUEeH SF%B@,TIO %PS{f‘%“FSI ofHAG EnageFoRRPRenih A IntePRaVehITEYTREYE i s

transm t tiedisangh hacaNTsHatiod o (debMitud Abidkials st @8etiRR in MRRIaWOWemal | ow
you to send the inportant pixels first, followed by the next inportant

pi xel§, dids dowsrihe meeiverde sipgdeeqnprespingodnfd uldingapdhesteeeized ivrage befosr e i s
enough | %BQiﬁlgqgée?\%d the complete file. This is extremely useful for technology such as the
world wide web, wireless application protocol (WAP) phones or even videophones. JPEG
already offers progressive encoding, but there are advantages that can be derived from
using a Visual Attention based Image Compression. The blocks that are regarded as most
20 important (level-3-blocks) can be sent first, followed by level-2-blocks, level-1-blocks
and finally the background blocks (level-O-blocks). This means that the receiver will get
the “message” of the image a lot earlier and he could even decide to cut off the data
stream once enough information has been received. In most applications the image is sent
in a fixed sequence of pixels, e.g. starting in the left bottom corner and scanning the
25  image upwards line-by-line. So in order to get the “message” of the image, you will have
to wait until the whole image is transmitted and reconstructed. Using a Visual Attention
Map would allow you to send the important pixels first, followed by the next important
pixels, and so on, so that you can cut off the data stream once there is enough information

to get the message. This technique allows transmission of video streams, even in narrow

30 bandwidth networks, with reasonable quality. In particular, for videophones, this




to get the nessage. This technique allows transm ssion of video streans,
even in narrow 30 bandw dth networks, with reasonable quality. In

parti cular, vi deophones, this WO 01/61648 PCT/ GB01/0 chni que
wil | prd&p3é%ﬁ%%ges at a | ower bandw dth at the expense gigﬁ%%ﬁﬁgﬁéone
background information. If the bandwddth is too narrowto transmt the
whol e i mage, the decoder and encoder can 5 stop the transm ssion of bl ocks
at any time, thus only transmtting the nost inportant blocks. In order to
get an iteghnomedwillvprperidet imdges ae@elower bandwidithel éhei erngases hbddsthgheome
transniﬂ%'d e%1ﬁ¥ﬁ§8a0ﬂ¥en to update the background as well. However, nost
of the ti pynd IONINEAN. cient to repl ace the nost inportant blocks only and
to use background bl ocks of the previous i nage when they can not be

repl aced_hy new bl ocks. 10 It is also pgssible t utgmatically bl ur bl ocks
whi ch hdf dehBBAVgEL ISR/ TH 9 BWSF‘BR/@F §V%°fﬁ m&ﬁaﬁﬁ? 3%%0?16%3’6‘&‘@‘5‘8 T&% ow

vi sual akdemtiRRsthRYieh dfbIddRE aVAnPRithe, ThisSonlyREANGEinkhBe rRRE GaRSHAl qual ity
of the decoded inmage with no storage or bandwi dth overhead. 15 O her

appl i catblenks. Iof ordereto gay etimproveddimade at He reegienioiecvieda smage goulshBe i n t he
desi gn t f 0 I i | r. render
thom canuBraeg sl erF SRR hOBR kRl of RBF, IOAREY, el BE RS, PICET
t he publis suftiviehng repliase thehasse importoljpiecks velympdsouse bickgiaudlblaks efiti on (i n
ot her woyds, jdentifying whet her the . sign, or, 8 nmet hing else, is the

pri nci pal® RaKPratmass Why ﬂ?eﬁ(tcé‘ﬂﬁ%bearﬁalia%‘ﬁl%@‘ e blaGESof the 20 sign inits

propesed environnent) would inprove the design process and reduce the risk

of accidents caused by insufficiently consgicuous experinental signs. The
vi sual ilhjsadso passiblsith@ptoglagpally bluchloghks whaigh hayeskasa decoded vith Isw IE¥8lout  of

di splay g ugr?t%tiélyﬁne & a'lB%vevrigLFatl atteffSTel 8Sin - thE A/A- a?gTPf% ROV $fd _usi ng

this proceSs to nmaximse visual attention in speci ocations. 25 The

i nvent i grrospubidjualisofiee deapddsl ienage wiitievotsidrygeny bahqjeidthsoventiad.ar e di f f er ent
in sone respect fromthe background or surroundi ng popul ati on. For
exanple, a cancerous <cell may be identified by its possession of features

not 1gresent i mthdi@pplidakiobNef g iaatibhynclR ths ergbhémicdentidédatads i@nhef such
anonalies by eye is currently a very l|labour-intensive process, because of
the | ar gésiglinddr lsptiony Bh| warming (50 nEfecioad HEth) t e OWShpar En§/e them

conspicuous which is often a process of trial and error, with risk to the public during this
phase. An objective measure of visual attention (in other words, identifying whether the
sign, or something else, is the principal subject in the intended audience’s view of the

20  sign in its proposed environment) would improve the design process and reduce the risk
of accidents caused by insufficiently conspicuous experimental signs. The visual impact
of other signs, such as advertisements, and the layout of display screens such as Internet
“Websites”, can also be optimised using this process to maximise visual attention in
specific locations.

25 The invention would also be capable of identifying objects that are different in
some respect from the background or surrounding population. For example, a cancerous
cell may be identified by its possession of features not present in the surrounding healthy
cells. The identification of such anomalies by eye is currently a very labour-intensive
process, because of the large number of samples to be inspected and the comparative

30 rarity of cancerous cells. Human observers have been known to fail to notice anomalous

cells as a result of eye strain and fatigue.



30 rarity of cancerous cells. Human observers have been known to fail to
noti ce anomalous <cells as a result of eye strain and fatigue. WO 01/61648
PCT/ GB01/ 00504 37 As anot her exanple, in bubble chanmber photographs used
by parti ¢Y@ROMHY4S ci sts, new and anomal ous patterns of paPET/EB8IRSECKs nay
be identified by this process. Since ghe tracks of nost interest are those
generated by hitherto undi scovered particles with unknown properties, it
is not possible to devise a tenplate to search for them 5 As a further
exanpl e, the objsembihEet@iphs tin Bibbl cHiafbeE piforbgraptissiiad by pRtieR PRy atik@ns  of
textures would inprove quality assurance of nmanufacturing processes of
fabri cs, Neyiagd gROMPOPERAIGNS o4 RartisleHeckmay: be leatifjdehyethisprecsse Stk éiet s ar e
to be avoi gded ¢ | j i {1 f p .of

obj et o (Hor 8 Tsf TREEL AP RLE Tk R0 Ml Ine RO FICHH 1 the
field of ugkmawi properties @l ib hatrmoesibiSuie teviskG toinplhct © spayh twmistni.t ut e a seri ous
hazard if not Qro to th ar attention of security personnel.

St 81y, "anofurnbhensRatp. FRebiba' GRtPR of eSS bt RS RRGBans

val uabl e of itettelel i IRNE Gmiphdver qility Assafant® &Rl maldngamg Procbge£ 60 IiRgks, The
invention may also serve as a nodel of human vi sual perception with

appl i cat MYFFOERIP dayoxkad Gfher RrokessesWhiae suiface defscys arpiobe@veidednul at e hunman
perf or mance asyfancfier 4yPLdiot roobifioh P Ad e SXREAS YR HUTRR nla! o7 S

trials. Qther areas in ich the i nvention may appl 1 cations 1nclude

i mpr oved theire steuindig gk dvas vinaiyoapraicatidnal ini the viidld hof aseearsty ofurpeiianept Sadh

i nportance. are rendered w th re.detail nhancenent of .t eachi ng materi al
to focus 6§ egt er?ﬁyscong{“tugen Pan irﬁgm}r(riréfglé& fehrsht 9 rt]kber %%&ﬁtﬁﬁt‘%ogﬁﬁcFﬁWe f or

obj ects @érsbargh 8irhigdalyl @lomaloust dthdcets presentrby sdidli @Uinagéidmbis 6 e0/aldble
conposites, for exanple, and jn automated checking of safety signals/ signs
on rai | WosAEenel IHEHRRIN MY (Rrghehapes AR ECHO8Y t ori ng of visual attention

level s. WO 01/ §4648veR6dhA @RHLAROROAe 2381 GhdeMBf hhimaft ﬂ?&aﬁ'%r&f)ti(ﬂ{ QG@sSSi ng a

visual image, for identifying areas of visual attention, = conprising the
st eps of apmicetion forigrange phiagls 1asvhigh inisrraguitsd tpierwiate hemahpgyformhndeaasiang a
val U§5  substitute for lengthy and expensive human factors trials.

Other areas in which the invention may find applications include improved
rendering for video material in which areas of perceptual importance are rendered with
more detail, enhancement of teaching material to focus students’ attention, in image
editing providing an outline for objects of high attention, so that they may be cut and used
20  for composites, for example, and in automated checking of safety signals/ signs on

railways and roads through automated monitoring of visual attention levels.



selecting test pixels fromthe array, for each test pixel, selecting one or
nor e nei ghbour sequences of pixels neighbouring the test pixel; selecting
conparison pixels fromthe array; 10 identifying a sequence of pixels

nei ghbouMOfl/64648¢e| ect ed conpari son pixel having the sanGHESPHA e
positional relationships to the conpagd son pixel as a selected neighbour
sequence of pixels has to the test pixel; conparing the values of the

sel ect ed nei ghbour sequence with the values of the identified sequence in
accordance with a predeterm ned matcgbapvst eri on, 15 generating a neasure of
visual attention for each test pixel, in dependence upon the nunber of
conpari sons nmade for that test pixel for which the conparison results in a
m smatch; 2. A ' - j - e r i son

B el 11 one SBAEoPERHEH Vidaf el for WIS sl ortAT SRREAE LSt

pi xel hasomapricgbe seps efubst antially simlar to the value of the

correspondi ng pi xel neighbouring the co ri.sogn _pixel .. an anomaly value is
i ncr etrent ed, aﬁﬁmféh@ 18}3%83%“ ?%a%'r(gjr}é’éegseggﬁ ”ﬁ"g hf’ﬁpgﬁé'?lug’onpari son pi xel s

w th the sanmesd®tihg iskgikelslfohl thaaggyypari son pixel is selected for which
all the selected pixels have a value substantially simlar to the

cor respondi ng ¥ x@ch nestgpisehrselegting ©ne edt M dieighbpur sequgpses nofc aiglsy

further ﬂégﬂ%ﬁHHéﬂﬁﬁ&H Neg is selected and the process repeated. 3. A
met hod according"to claim'l or 2, wherein a plurality of test pixels are

anal ysed concusetesting yomg@isdan pixelsdtrdmtheacepr ding to claim 1, 2 or 3 wherein
a plurality of. .comparison pixel arne conpared w t iven test .pixel
concll rent [y. VEROURE SA0 BT BoARHEGRMELTE: YD s BRabBR pEHYS o1 ai m
1, 2, 3 bividg theliameirespehibe\pakitienalFelatidiships-t€ len@iniparivecpieel dsepdeteedt ati ve
of a colour imge 5 G.WA,qgthod according to claiml1, 2, 3, 4 or 5 wherein
in addi t PEENROYT REFUFRBORPIXLE B IALKES PR her vari abl e search criteria are

selected. 7. Adiglahag qRCemiddi 01dhd Q1&hdd #Bighbowh &lgBkhte tWith fhEVal@E oF @kl abl e
search criteria ‘include a threshold value for the determ nation of whether
two pi xelden@fiadessquanee in accordance with a predetermined match criterion,
15 generating a measure of visual attention for each test pixel, in dependence upon
the number of comparisons made for that test pixel for which the comparison results in a

mismatch.

2. A method according to claim 1 wherein, for each comparison pixel, if one or more
20  of the selected pixels neighbouring the test pixel has a value not substantially similar to
the value of the corresponding pixel neighbouring the comparison pixel, an anomaly
value is incremented, and the process is repeated using further comparison pixels with the
same test pixel until a comparison pixel is selected for which all the selected pixels have
a value substantially similar to the corresponding pixel neighbouring the test pixel. in

25  which case a further neighbour sequence is selected and the process repeated.

3. A method according to claim 1 or 2, wherein a plurality of test pixels are

analysed concurrently.

30 4. A method according to claim 1, 2 or3 wherein a plurality of comparison pixels

are compared with a given test pixel concurrently.



10 substantially simlar. 8 .A nmethod according to claim1l1, 2, 3, 4, 5 6
or 7, the nmethod including the step of storing values for search criteria

for whi i anonmal y val ue has been generated, and i for
subsequ§&9%?£gggpixels, the sane search criteria. 15 9. Z&#@?ﬁ%gﬁggcording
toclaimi1, 2, 3, 4, 5 6, 7 or 8 wW3®rein the principal subject 1in a
visual scene is identified by identification of the region containing

pi xel s having the greatest anonaly values 20 10. A nethod according to
claiml1, 2, 3, 4, 5, 6, 7 or 8, wherein a nmeasure of visual attention

afforded. 10 a QNG ORESing @ itk PUAls GOL Rheldin S GAE REAnRL.SGARAT I son of
e or at

the anonaly values genera t’'hé "pi xél s representing t object with
t he anomalcyor veresestatigeofer @l@d ihage ot her parts of the scene. 25 11. A net hod
of irmage conpression conprising processing an inage to | ocate areas of

visual attention according to any one of the preceding clains; coding the

i mage; acgor di ngy hiHddecksambad cangas 206, wics Gakhdatihantai@fios e heighbdurar eas
of high visual attention are coded with nore accuracy than areas of the

i mage wi tequénses, figthes verigblafeargh sTikeriaRee ¥itcf¥n. WO 01/ 61648 PCT/ GBO1/ 00504
40 12. A nethod of inmage conpression according to claim 11l in which the

| ocated areas of visual attention are used to select a |level of

quanti zal.i on Aomethodli agrording itormipem 6.3 wheégpparhet (usthéovagmbbe esémgriteriai sua

i mage or, a sequenc such,.i e far .5 |l pcating areas of visual
attenti o‘r‘??l“a%nﬁ)ﬁ’@fﬁ}?@ r’?@ﬁlﬁsfq’ro gsﬁ%?’i"ﬁaatéoﬁ‘ Pfra‘% et]%leg By g%xregyvaolfeépi%gel s,
eachpi XglbsArYdIRGimilmal ue; neans for selecting test pixels fromthe array,

means for sel ecting nei ghbour sequences of pixels neighbouring the test
pi xel ; nmeans for selecting conparison pixels fromthe array; 10 neans for

| dentif yfg.ﬂ%ﬁﬁh&ﬁy&m@ B cIRIXE!S 308 GhOOUT T B Retisd RclRthLORRADIsFoN
pi xel having the sane respective positional relationships to the conparison
pi xel asstaringedlesstfedseashghibsiarfoswhishraduglingmabe valup has hegn i2hrerptedtangi xel ;

selecting, for subsequent test pixels, the same search criteria.

15
9. A method according to claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the principal subject
in a visual scene is identified by identification of the region containing pixels having the

greatest anomaly values

20 10. A method according to claim 1, 2, 3,4, 5, 6, 7 or 8, wherein a measure of visual
attention afforded to a given object in a visual scene is determined by comparison of the
anomaly values generated for the pixels representing that object with the anomaly values

generated for other parts of the scene.

25 11. A method of image compression comprising
processing an image to locate areas of visual attention according to any one of the
preceding claims;
coding the image according to the located areas of visual attention such that areas
of high visual attention are coded with more accuracy than areas of the image with low

30 areas of visual attention.



means for conparing the values of the sel ected nei ghbour sequence with the
val ues of the identified sequence in accordance with a predeterm ned match

criteri O\Q'POJIE Jgans for generating a neasure of visual (‘s,a\lﬂ c‘ﬂ%ogdﬁ each

test pixe dependence upon the nunber of conparisons entify a
non- mat chi ng sequence. 14. A conpute#oprogrammed to performthe method of
any of clains 1 to 13. 20 15. A conputer program product directly | oadable
into the internal nenory of a digital conputer, conprising software code

portions 12or p&mfegradi afgmegrecamprpssiapfacegrgingfto clelmil hgn which tllcislomedwars@ﬁ d

pr oduct o? v1s§%1 aﬂentg)n a?gps%%% Selgt:q | lé%e?g@?.llﬂht?{auﬁﬁ s %H](Ijlgb Ct stored on a

conput er "usa conpri er-rea tgogram nmeans for
causing a corrputer to store an |nage as an array of pi er s, each pi xel
havi ng a val ue; r readabl en gr am nmeans for causi ngdt he c&gput er to

sel ect tdst pi f‘QP rTP“Fr BhW?Fés%?%ﬁ MPEg%PT Petrdupice HagEans f or

causi B Yh&Qriro e &rvidudl SRnE6H, 1COB@F181ﬁgCh 30 test pi er nei ghbour
sequences of pixels neighbouring the test pixel; WO 01/ 61648 PCT/ GBO1/ 00504

41 conputer re&Wal fer PPUTE AMMEENS 2R B Pikaly ep¢hepisdmpringra valyesel ect
corrparl son pi xg{eg ngopgglééagé@gsf @Xels?&@%&%ﬁa%eadabl e program neans for

causi ng the conp the sequetice of pixels neighbouring a
sel ect ed corrpamesmsrfopsel@jtmg awghgomheaqwams of pspBeiighbourtgnbs tesi mrel|

rel ati onships to thfe compari son i xel as. a i%l ect ed nei ghbour sequence of
pi xel s has to PF&"%'8%¢ {ﬁp’%lcomB OPEF S &Y 4r ogr am means for causing

the gonputer tgea@mRAIRiifyhg Makstpeneiof pheisSRi2GbatheigdhalionganuNce W th
t he val ues of the identifi e(f sequence in accordance with a predeterm ned

mat ch cr Pt haying 1y Wﬁptﬁséﬁ‘fﬂll"éa‘lﬂ’é}ﬂp’éﬁl pelsdprshipTearibe pomperesimel e _
conput er Sglgctgggg%tﬁgggﬁﬁﬁﬁﬁgy‘?@plxgg hé@ltguﬁlmgh}x@ptl on for each test pixel, in

dependence upon conparisons | whi ch the conpari son result
in a m smat ch. medns mrrmmwadng)fthqowdt;@ssﬁ thg salesequerghbomf sequsnea| withrglees,  f or

identifyi nﬁe fetge 1d%nt1fv edS equencé;L ?n f?c;[c;[)redg;[lcleo\{fll’th a pre c[,tlersnlnggd ;[ngtechsc%%%%n()f

15 means for generating a measure of visual attention for each test pixel, in

dependence upon the number of comparisons which identify a non-matching sequence.
14. A computer programmed to perform the method of any of claims 1 to 13.

20 15. A computer program product directly loadable into the internal memory of a
digital computer, comprising software code portions for performing the steps of any of

claims i to 13 when said product is run on a computer.

16. A computer program product stored on a computer usable medium, comprising:
25 computer-readable program means for causing a computer to store an image as
an array of pixels, each pixel having a value;
computer readable program means for causing the computer to select test pixels
from the array,
computer readable program means for causing the computer to select, for each

30 test pixel, neighbour sequences of pixels neighbouring the test pixel;




storing

a sequence of images as a multi dinensional array of pixels

, each

pi xel having a value; selecting test pixels fromthe array, for each test
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sane res
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on resul.ts En a nisnath. %p . ) ) X
sequence of pixels neighbouring a Selected comparison pixel having the same respective

positional relationships to the comparison pixel as a selected neighbour sequence of
pixels has to the test pixel;
computer readable program means for causing the computer to compare the
values of the selected neighbour sequence with the values of the identified sequence in
accordance with a predetermined match criterion,
computer readable program means for causing the computer to generate a measure
of visual attention for each test pixel, in dependence upon the number of comparisons in

which the comparison result in a mismatch.

17. A method of processing a sequence of visual images, for identifying areas of visual
attention, comprising the steps of:

storing a sequence of images as a multi dimensional array of pixels, each pixel
having a value;

selecting test pixels from the array,

for each test pixel, selecting one or more neighbour sequences of pixels
neighbouring the test pixel;

selecting comparison pixels from the array;

identifying a sequence of pixels neighbouring a selected comparison pixel
having the same respective positional relationships to the comparison pixel as a selected
neighbour sequence of pixels has to the test pixel;

comparing the values of the selected neighbour sequence with the values of the
identified sequence in accordance with a predetermined match criterion,

generating a measure of visual attention for each test pixel, in dependence upon
the number of comparisons made for that test pixel for which the comparison results in a

mismatch.



