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- OBJECTS IN AN, | MAGE. FI ELD OF THE .| NVENTI ON The present ipé‘gﬁ%l&% rel ates
/0.0 0 . . 100281, .
generally to We{LHEEY and apparatus for image processing, and specCifically

to fast nethods far finding an object in an inmage. 5 BACKGROUND OF THE

| NVENTI ON Many i mage processing applications involve finding whether a
certain object or objects arenpsReSeObEdTSaNAYRRAGRBOEe and, if so, at what
| ocation in the inmage, A dictionary s given of the objects to be found.

The appearance of the objects pmrpher rimasvEemwewer, may differ fromtheir
appearance in the dictionary, Reasons for variation in the appearance of
the objects 10 iThePrrarst ingenaien tinies generdlln ép, metbeds end srpaieius S imade Stavessibans,
contrast vagdablgasnth b ded dE solh Rl nAA-ORLIERD. (e object and

S .5 a

background, an ht topol ogi cal variations. ctical imge processing
nmet hods 4qrust be capabl e of fjiMdEReNIEOFRES: Db eENPRIgCt S’ rapidly, even in
the presence of such variations, over Parge I mages. st net hods known in
the art for fi ndilany ingeeotcsssing applicativagiavaveviolive whéthdrarcepat tigedh od&jerat chi ng
or topol ogi rch.techni Se Typi.cal | y. t . require .t hat. the image
first be pr%g&) Begeglggleao‘%&egrm%eﬁ#cgrlfes& tht%\(])haglﬁ%) lgglmrz}géll BET  APIROUP BY Yuch as
gr adi ent's othe etlgesto bPadunér Thaappednanagof the siggasiit the @ndge, HidwevdrypBsdifd from

vari ations nti oned above, particul arly nonlinear, variations. Topol ogi cal
sear ch ot KOS PRI an Ao GRS KU A¢ VFEP Db MPeH ARG caifeBur s and
skel et ons, mblidehroatien, k@lngd nbRe, GORNBETIARG RN ©armRUYakiE alith thi@fidct gigent for
20 rapid processing of large images. -Binarization_ of the inage before

sear chi ng fREFWESB] "_é?:tOQJeEta?’PddE%?F%rﬁé%i’ %ﬁﬁh@%t?%o&l‘iaﬁé@“%‘ﬁ%i dEicHedl ymige t he
image i s alsgchas MBhed nhBiR0ds0RAsH @I} Bk NBLRATdbRPs AAMEVELn iRHR
particularly sensitive to contrast variations. Depending on the choice of
bi nari zat i oNestBteHRbACANErAIAReRYFHIoEe NFSHI t ant features of objects in the

i mage or di stingkipRambel MRRA it 1 JAbLRIdha%RjAR% BARKIL QYRd. ORY YABISh when
the inmage is binarized. Due to brightness and contrast variations wthin

t he i malfe, Witties entopplegied Hotrdls tegliques. ebjipisaltyl yhey aquiinecttiati the dndgk efirgirite part s
of the im 14 I I i ] - fLngi ' ion is
aut omat ed SeT e DA sthoffe (R RO 6 of bIRLRg BB PAkR B
capabl e of meclemiiszbengtiventd thecwpésngf vaielioysm@tiondr Kvanphrituiadk epslingfrat ar e
pasted ont - argel s. . Typi cal e L rocessing. .. V' O
01/ 91040 P y?ﬁ"é‘ '10%%@%%%&%@ r!é%{?oéigglﬁ‘ég\ét%%rs%grnm Ea‘f%ﬁ é‘gg@%@‘{ﬁ‘e%“gl findingn ge
area. Becausstautseandndigesnarvdidapt teedmbyoaunagend cabpuaionkly ipeffidet for
convey t her . | ar yariations in scale due to the different

hei ght ?Oof I{gﬁ%%f)og%\élgggflarlsﬁglgﬁggsal di stortions of the parcels thenselves
cause nonl i near Biiasitapiot ioHthe iodge bhfereseirciiey Hr dhjets cnelepast ecnmidion tihem

Furt her mor epartgcumtlyg ; trﬂg ir%ggleti M3 cl%&m%t@& Methods based on binarization, however, are

particularly sensitive to contrast variations, Depending on the choice of binarization method

e,

and threshold, important features of objects in the image or distinctions between the objects

25  and background may vanish when the image is binarized. Due to brightness and contrast

variations within the image, different thresholds are frequently required in different parts of the
image.

One particularly challenging object-finding application is automated sorting of postal

parcels. The parcel sorting equipment must be capable of recognizing and locating various

30  marks and stickers that are pasted onto the parcels. Typically, only very limited processing
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5 sane sticker may have different gray-scale contrasts, stroke wF'd,BrNO\/ 2[][]4

fonts and feature topol ogies. SUMVARY OF THE INVENTION It is an object of
the preserfing Wedpratedrio tsenpr lange deerntintagel srean Beappaha titigged B captiedlby o i ndi ng
an object | ' . [t is further object of some aspects of the
present i n%%ﬁ’?&g%@ggﬁ?%%f%“é’ e%%t‘ﬁ%?aéf E? {af%e ATHHGRS SoHf deq tojthe difftigige t hat
oper at e r dpigiiisy o vienpoeely eBhydial gtdriiag &% . thé tpaicsls WBdmsBlvEULIRE moplRegCt OF
some aspeccﬁsi 1gaf t&e GErels(ent invention tgo provide methods for finding an

obj ect in HHCTREGY Phitcker et g psttecpi dowurribermpen differanhedifime sBthse of
vari at DS &aR: ARACAEANGRu Ok bARARI Bkl Subke I ahl | ohs BufiUfbfier obi ect
of sone aspects of the present invention to provide a retho or tinding
obj ects i HPBHo#i%fage that is suited for use in automated parcel sorting

applications. In preferred ghgagh P(&E ent invention, an object
of interest to _be found in an |rralgg@1§r%% megl%lhﬁﬁt ernms of the lines that
make up the objletn objg df mheppresehtcinteationi to revidvsmefiods hed spracks foi dpialyof t he
lines. (I t t he present patent application and in the 20

cl ai s, thrhentdpgrafrin%}m?ﬁlea‘nq%la “to be understood as neani ng any long, thin

feat ur®, whet héris stfurdieghtjecd of snmevidpkc)s Mkterpréshe devehtiones pappRakethdds fde i mage,
they are ected .t 0. have width within a predefiped range. This range
contains t eméﬁ%ﬁﬂecgfnra()l?&ge\?\tnh%}toﬁe%ﬁg r?pﬁj??' el"F‘?‘l‘é'E“Pﬂé‘igeB%ﬁgB%g to the object, but
i s expanded t olais geunfirth@nob@ttyordensé b\ thgtsehBvedESTo prvildiBembdgit h of

t he actual I{irbes inb.t he image ﬂue to distortion, scaling, contrast

vari at i onsPoPIBeHE PLF JL R8s that Gredelust 43d sesurafe fyen HbeFispee of PHBtoMRge i s
rapi dly seaarighppeafate afhie Jbpat ures having a width within this range.. This
met hod, gener al I% allows a spall set of re%gons of interest to be |ocated
rapi dl Vg_based Ohis Sttt oBletyeT soramtpictscl Bisareset invatiopitr arcgide s metodi mage,
with a hi gbr pidaa]ekds nyantibate £ Ol @5tusSh altDhGES ircé%dr{mgba?pﬁcgmg in one of
these regions. I'n sone preferred enbodi ments of the present Invention, a
gray-scal e. i mag@refeEes et 30 tearesemaveBippen obfect aftiwres to bafoandiar i es of
successi VenShadas defndf I +ShRYe tRahEQ n;angléﬁ #h@lo%ecgf an%qgfaﬁ'ncuﬁa?lirﬁel’n\(e o the
previous one, while closing in on the specific.” object belng sougsh(f. In the
first 2 the Nrokewighoy the/tnes 1 |(D104 GoPET/of Li@1pre028atet ap@icativheind égitens of
interegdt afigml eGAksd Ry i ers, jxel g .that a r to reside on
f eat ures havi ng w@?hggvﬁg %ﬂ&n@ﬁ%ﬁ?%&é@fﬂ%ggrgg gl.lﬁ%egtffe: R’Bﬁgerrséa %tns of

i nterest areuscanhiBknttiess iinved agpomtin ds timqpeakay, aré expected tvalrape ¥ aidtiatvithing  hi

gray- scal r ] | ect scan Jines.taken .t hrough. th egi ons.
Thon the mionaal, 3680phe EhREL R RERR b RGBS Tl AT R e b8 T
wi dt h is vabidel, hutihexpraiedey accbunt Hr anyolrmicticdatiet hoy deusn gartidtafof dRacwél t he

i nes thaty ject..of inpterest. The candidate peaks are

nor phol ogihélg%i ;sfh%%ﬁgagueeggidﬁsgoe{t 1ornéé‘%aj(?)n 2 &Or“%\%ﬁtr%“% TBRHE rffaf)&é'r gnaf’rger"tgt ains, "
i, e.,2corfirdghedier, opmagd is pipxky satbedi fogplldppurexhanag @lwidth kéthinahe raeay- scal e
values. T i gh-1evel |nma recognitiqn procedure s s kngwn in the
art, is app sl%%h?dog%géﬁ' fgltowts 5'%?{ %e?ﬁfg'% P\llsoo(r% é&es?go g%[oé%tﬁ‘lqaﬁ%ldﬁﬁa% “tain or
st ai ns corscaspgrdlytenthabid obibs gisdls iofheiimigey eidit a highprebabilinahat sheagpeci & t he
only one t. IS endent on,the object itself, and it is perfornmed only
on the verl?r}ae}sersrta 1%§§u§(§ei%°8 CafTc 6F the pi xel s that are contained in the
stai ns. The netlheos mescadichbddimentesmheareepanveiton) Bgrhys@lsiihead if @irched

identifying |labels, .synbols and stickers on postal parcels,. for use in
el CARE S S ERe G MR R A R I - e

i nvention mRivedoShe PeviaRRnk ethilehRWRY B on thdspaciid Ei8edi BAGE s@EOtNGle ANt ext s
in which 15 objects of interest nust be located rapidly in a | arge imge,
whil e avoiding identification errors due to variations and distortions in
the image, There is therefore provided, in accordance with a preferred
enbodi nent of the present invention, & method for finding a predefined
object in an imge, including: selecting a line belonging to the object,
the line having a known stroke width; 20 defining a maxi numw dth and a
m ni mum wi dt h that together define a range of w dths



t herebetween that contains the stroke width; finding a feature in QrNUi\(m?&Q‘r
having a fea™R&R48th within the range; and processing tH&/4E408te to
determ ne whether it is a part of the abject. Preferably, defining the

maxi mum and m ni num wi dt hs i ncl udes determ ning variations 25 that may

occur in t ARBSIRAIRGIONS Gfierest jEe Ipprtadiy faBing elbstom efpikels tiptoapaess to resitbieni mage.

In a prefe CTptefalall toisihd Ml t i he | e includes:
finding a ?Eirarﬁg%s I oc%ksﬁm;l? \%1|11-§(de l gbfégeétnﬁd:ralgl%gglg&getb%rﬁg]?ﬁsgoﬁgrgﬁeﬁ eosrca'?%ie

el ement's ofo filtbcdniray @etkavi engharp wadktiond iesaytdogle otdoaingalongueotddicks lidek ndi ng a

second | oc j s_i.n.t i e bel,ongi to ong or pore el ements of
the 30 i nagazc exﬁgj{/&ﬁéalg & 1§Sh%ee%{§ggﬁ§rﬁw%g%ﬁﬁ% REAIFAS P 1BV h e shgld gd o
di sj uncti ofis vidth hevifhiribt raapd iisec endidktoed be Bpart FPGhé 311thO biBORBhake up e OV Zoa~
Preferably,,.findi. the first . locus includes finding a pixel having a
gr ay- scal eb%‘ftu‘g 1{&%5?' glrhfefcé‘?éd%i/p%i‘f‘s f“éa{%cl”%?oﬁfc ePefItrthdy? eEHOrERYing
threshol d brooedurdie @eatey ssdial e, ey @buiRedEro@shspinels X@Vise Alprkirktedly ﬁl@%gm% her ef om
that is equal to the imumw dth, Alternatively or agdi tionally, finding
the featur éra?’ﬁ"ﬂ?%al‘ieﬁa"gﬁeﬁ: ﬁé{ggﬂé%l g8 ISERBBIIP §rOFHre Aigdneref irtke itridi ng t he
loci, so thafliedtrdcl o tRURSM inQrdedlth dOkrnlifewRbX Ghis &@ta&@%fﬂr&g&% {3

y or

considered for inclusion in the loci. Further alternative

addi ti ohal PYectrf ey Hreinplstagaisahd onlt ave thatvis deendrol rdés objeteintelfs anil figs a

cl U.St er of Pélﬁ@m@d &@}l on thlly r??mﬂl' sﬁbs\?\ﬂ&ﬁhgﬂhpﬁx&ma&l‘rer c%kta%g&i in%heecs a'?n% | oci _as a
region of interest in the inmage, which region is a candidate To contain the
object. In a fuFherHesthqdp é¢sevitred dereintacectiartisnlarly fuitertifon gleitifigng leladsusymbbla ahdhe | mage
includes: &Quideptbdyinged LS80 I, 0k er 1.0 the jmage, which is a
candi date to contlgi n Itp ﬂge db(jgrgxg% ;qupg{ s |nre$g£gts%x{é appﬁcﬁ{éonﬁagg? %ﬂc{pﬁmggh t he
regi on of thatregsers tinvertiod ney alsobe apphedghawever ml seviatangsof ofhepéonrkss ithveipps ed

al ong the i t i,nd. ai,r of contrast.transitigns that are
separ a?ed ?‘5% %ﬂn@grgﬁg? %ibre lgci?{eg r"é‘ﬁ“‘g %r?ckérg? Hges dulg e %lij‘?ﬁlgécfaﬁ?fb@ors

Pr ef er abl yduestelvemdtiomgpnt! Wistosticmsinl theiemagaicl udes sel ecting a plurality of scan

| i nes, having 15 .spaci.ng t her ebet ween determ ned. responsive to a
di mensi on of tﬁléhe(r) i gn(?feforgﬂoéﬁﬁ‘gﬂ {repryanst Wﬁ?iﬂipfe?eérﬁ%‘m’/’,d“’é‘??hﬁfg? Pi5EFOt he
gr ay- scal einvaltiogs raieddfoiefindfng B @radefidel 6bjen Mhiah asdgel ih@igt | ons such that a

di fference between.the r ectiv ay-scal e values of a selected pair of
the pixels an tsﬁggtglgéﬁmf E‘%‘&gmgﬁ%g’BﬁgJ%‘%{ttﬁ%]r‘negF‘ﬁ‘ég OFOFRGEVERLone of the
transi 20 ons, exifisigsa mapimedetieh mdedinionesian at tdhakr REe £r.al ofwilihe pair

of the pixels are separat.ed from one another by a distance that is 20
sel ected a erﬁb?tﬂﬁ?flttﬁﬁgﬁo‘g?mﬁh"e“ﬂ@ES'P{jéh;wi dth. Preferably, processing the

feat ure incl udemding b Aehtuaginand iﬂx@%ﬂnaﬁﬁg AfeatuRASlth QARini hil 2RI Xel bel ongi ng
to the feature; and, ex atgdi ng?jiti e locus to reconstruct the line in the

obj ect, nost prEPEFNBIYS BYUEIRIAHYGMENG WhaEenige pBarhef thakbiect onal pi xel that is

adj acent to th@r@f&raﬂ;l%&ﬁ:ﬁniﬁ)@ﬁ\eirrﬁkﬁﬂuﬁﬂ an® @b ARLHHNAR A I RS mBER Bridiny 2] Ue

beyond a threshol d that i responsive to a gray-scal e value of the at

S set I _ -sca

| east Bhe TATTPACCYIXBe wigph aktar sy the gbigst nger herragdintheomase pi xel to the
| ocus i ncl udes Jadgteigred efubbdhe@dBihi QR @Maripl X eleim@Rdn@xpandi ng the | ocus
further includes:, continuing.to add further additional pixels that are
adj acent to thé‘%ﬂ’in&élﬁé“i Pruf %EPIP‘EJ&H%WSGM&&&GI% 1P 8P OF Mojeeclegreats-af kd e
val ues beyigfge hhgtaRigs et an @B thaximum width;

finding a second locus of pixels in the image belonging to one or more elements of the
30 image having a width less than the minimum width; and

taking a disjunction of the first and second loci,
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. additional pixels when the |ocus reaches a maxi mum si ze det er ni ned

responsive to aPuferblysfiaingakic firt@objneltios Hhthg bsﬁelma@ﬁ%gﬁg%g%@{aﬁ%q?%wg Ege

feature inglydes ocessi.ng the expanded | ocus so as

t he obj ect %‘%”FD agfe%ﬁ% éP&F?tg‘a’ﬂﬁﬁﬁ%ﬁaﬁéHﬁhOkdﬁ@nbvbf giey-seafecvalygest wire poelsor e

mar ki ngs omt anlistaheMheRE6:A M EH Medud Whhe BakiBGmi Ligm | i ’ by, @

sorting system and wherein ;ljr.?)cfc‘:lessi ng taheﬁﬁ‘ne‘gltﬁ{l?'r eﬁlltérg%ugg%??iaé@ﬁ%aﬁ%i ng the

mar ki ngs, ~ ARANE The faath g thedmederiepludeesub sempling the anagebefotefiridng tiiedent dofhad

mar ki ngs. ThgL&yd i LN accordance with a preferred enbodi nent

of the presgﬁtﬁ%ﬁ @vag%tf ?{Sg’ﬁegg‘g%? 40388 a’feocromf“{%ﬁe ifﬂfgmgusb%aéfrfﬁ lAdd Fmhesct in

an i mage, ilighalidelngr aiditiomllgdininpthe Sanre iopieriatdeishides Hemghin f Aatdbemin t he

i mge havi feature w d hat .is within a range between a predefined

maxi mum w tgﬁ@glnigg%ﬁﬁcr?\éﬁmoé\aﬁ% rﬁf,aantdl’?@co‘fll\% §e* B A %é?ﬁe??é‘dnél?ﬁlﬁ’h% whicknown

stroke wi drégiafis acdiidee pelostmgitivgpbicot. t he obj ect falls within the range, and

further operati rocess the feature to_determne whether it is a part

of the object. IX‘%’ ﬁé&eeg BrF%BFC{j‘?mbtoﬁ@’eﬁtp %ttﬁfsfe?tw&l”bﬁégna&ﬁlq"%?j'e capture

devi ce,10confi guidedifjing apbieenébe id HB@Red, Mol NAndidiee ARLREGH v Lo convey
n a

an electronic representation of the inmage to the inage processor.

preferred embod®ifEHE 2 SEapdingpyseieg thiongh tieeegion wéintsresiypre mar ki ngs on an item
accordi ng to WhvelatinB@rayised vafied & R8I SR IEHal d . [at i s. adapt ed
to read the marKki ngsggﬁé St o] \s?oft tp?lmc;si t?ar% r?ag on%%ciggllltﬁﬁgr%éfbo%%f@a'fﬁ reis
addi t i onal PYPIFEAPEETs tirhareicpepighfien ong anathar yracdisancethaeinbin tentngef t he
present inventi®8fra8lyCRMBGhe SO LA J.ndi ng a predefined

obj ect in an jmage. includi ng a corrp.u(fqued% ?egéé%g&ago% gﬂlrr%{c“ ‘%J Cef%nlme M5 ogr am

i nst rudfi ofieciap dhestbeimeen degimind respansiue td odinensidreof theatiebly Altermstipely ©F, cause

t he conput gfq;¢ i : 2 | Vi a feature wd that is
W thin ot SRl MR LAR EEe 8 AdTAee IR At SRR et e ¢ e
range being d%@ﬁh?ﬁé@‘ﬂ?@@n thi aaspeativergmayrscat vahbes ofd gitehted painofltheysxdiainahgicsg t o t he
obj ect fall g Ne r e, and further..cause the c uter, to ocess
thle f eat urgﬁef gﬁ%@t%gl %Eﬁdés O\?\E tENEP OF'g Of:.“ée IREnSIHPYS, Wee{dﬁ@pff’g?tgr(?’t”?edﬁgfémg{desent

i nventi on WMdsi prbferahiyy e fpuil lofy thea pikels sit0@darkte® olmhe faabth@wyng diskehqi thads

descripti o referred enbodj nents thereof, taken together with the
dr awi ngé iﬁd%ﬁdéggﬁ’%’t °“f~f-{965t6°§ﬁe§s‘1%bto PCT/ | LOL/ 00281 * 3 N ov 200 BRI EF
DESCRI PTI ON OF PreferabiRANMEdSBg Biedeatike Insludesschemat i c, pictorial illustration
of a system for cel s in i.n.accqaordance with a preferred enbodi nent
of theypr esent finﬁ]\% ﬁ?‘?%srﬁ%ra}ﬁc@s?brf jda BIX%IbSW@PEatPtthethfﬁaé‘ﬂ‘géaé‘ﬂerrati cally
illustrates a nepindig fieriodud enictdnginng thRNin®Oj tREEbjéd rostPrefefMIy ddfinglésor dance
with a pre]zherrced era?g.di me.nt1 of . the gresent inventjon; Fig, 3is a flow
chart that TSAHERHTIIHPT) PRe! et s pipceat g et frati opoiortiel Hivesl AR e B cals

i nteregs i malabeloraigethredsef bt iPaE tdsfankiad loya irby-tdR e LE¥k 10fadi B8 BRiaECt
identificati gn net hod of Fig. 2, in accordance with a preferred enbodi nent
of the pre8&ft invention; Fig. 4 is a reproduction of an inage captured in
the system of Rirgferallly, dddinghlicciditiog erel 13 Ahdfocisnhen®s adiay e theqndiisiant i fi ed

using the nethods of .Figs, 2 d 3;., Fig. 5is a plot of gray-scale value as
a functionPEf> B f@aﬂgw%@ﬁ{oflﬁﬂ%@ﬁkﬁ‘ﬂ“gqsong a line through one of the regions

of interest in donging;tofaiidfurteris@difordl PikelPthaardbdifRfiteBtthaibixelf WNGE IRRs deri ved
fromt grlﬁ-scal e val ues of Ei g{t?ﬁs in accordance with a preferred
nt angfhe Ve

enbodi Y HESRGFIES S -5F ond fhe thyegholdyands 3 | ow chart that
schematically illustrates a nmethod of region growi ng, useful particularly
in the context of the object identification nmethod of Fig. 2, in accordance
with a preferred enbodi mrent of the present invention; and

4



Fig. 8is ais a reproduction of an image of stains generated by‘a@ﬁﬂ@\/l@[][]lf
. the met hods ofyohh@®s 2 and 7 to the |mage of Fig. 4, in agepmidaons Wt
preferred enbodi nent of the present 20 invention. DETAILED DESCR PTI C]\l CF

PREFERRED EMBODI MENTS Fig. 1 is a schematic, pictorial illustration of a
system 20 for patdping $@'é&d 49 furkHer @&&%Q%ﬁ \Weﬁ I?healoafs%ﬁﬁéseadmm iggent of
t he present i nventi on. ar cel having a | abel er eon

transported %Vmét‘eébfﬁl’/@;?’ﬁ? dmﬂpsgﬂnﬁ}ﬂﬂé@w‘é i mge of the parcel i s captured
by a 25 canmera B nf G Yol % L{.ernat i vi deo or
digital still canera.” The ? Sskgg%urﬁ‘gggﬁmﬁéx%g&r@ gl%l esp%dgd ?0%58 4nd
passed to atoﬂﬁ%@efbsbﬁusﬂglhqmjeeh applies the nethods descrl bed her ei nbel ow
to identify |abegl 2 parce Alternatlvely, t he
processor nay receiv %eéﬂgé %&b&mg{tr%g\n gﬁeﬁ% Cﬂ F’@ée m&ﬁkmﬁ B 1 i eve
the i mage facoondmgrrembich thaiddm sttoWn)sorte‘ﬂhgr | tdﬁlﬂglsfyﬂt(&ﬁl ah&b@brehﬁprb@%ﬂlgrtﬁ@-d
automatlcal : orter..32, . whi 30 r.ou the parcel accordingly. 6
“VNO 011910% upey‘ﬂalif?eél/&eé‘g%‘gﬁ&erf‘ aﬁ%‘g:tltﬁﬁz‘é d%fgoi?ét ‘Fl lpfF@P’é‘t“aHPy%e

conpri ses aidgeified ahekings pose corrput er, prograned with appropriate software

to carry out thﬁ' nmet hods of resent |nvent|on Thi s software may be
downl oaded to t HE“Hr'dEESFBPYE etn %Pcﬁrg?‘t}% it %PTCQFYF%FWQ?‘?‘WWW the preggpt be

suppl i eth oninveangh, _bgardi@onfinErCHpragefitdd (BQM infa@fmdgh. %@Llldn%t dnOfag rcgcQ?sor

processor. Such software may simlarly b adapted for use |n ot er inmage
processi ng SRS R g ety ép %ynﬂtgﬁh%vnw f%"tli‘tfﬁl“tl kythatpis mmlarrsrtgalbbtwemm ot her

conput ers i sreddfikel HROAGH wildht &m&htﬁﬁﬁ‘d Widdd R ﬁﬁgeh&%%ngegﬁga dp &L my
be i npl enented usi ng dedi cated hardware of a progra gltal si'gnal
processor, Bioke¥idlyoba innbalenging de ﬂt?fObtPeUfaEﬁaW@m ﬁlndtlngp, sod dgithenmpdndtize &d enent s
and/ or SOft;Yi@Ee‘é‘sthIﬁﬁtu‘r@% d@tenat%ﬁaﬁe?tué pattftfperos @l sorting system 20 is
descri bed here b exanpl e, and Yation. Fig. 2is a flow
chart that sche inﬂfé Y>It96 ﬂnplaﬂétsﬂmteissalmgﬁwtumdewca nebinfigprainioabpreetihé N an

i mage, in agcos e sent inv ntlon.
The net hod |§ngjr%{ﬁlﬁlc%\@%% F@&é%%ﬁﬂ %Q/gy ?Igg?grr?g?n rg ilttétcl: sgfsg%ﬁm% tPatg

on parcel 2magepropesergh If oprefamed smbadindnt, ¢hearbi etcwclmda:e omedrhode erkdtgs Gﬂi mbed

bel ow with a. Si bject in the.i may be
oxt ended i S SFeRffe kP ubbD e Wl 3 89S bthe ittt Tog R dee e

si mul taneouswymefrandmo seqtben@eresmnsiaethenewel fi nd| ng step 40, a small subset
of the xel s i .a Jahe, S¢ nned t ha ie on
i mage f:EeHat ures tr??a%){an %\gg\{}\f nc?p)ﬁ P TR o OB Wltéc? Prﬁr{%’g%&) e‘t‘ﬁ‘edsrlp i bchat i's
chosen for prkdest lpumpmse cdsepemdsomm bre duvet ﬂirh"&dmg atplﬂ@leﬁetlwajectl m mﬁsmga t he
Ob] ect that Ih?duggo 2(9) ute (=] zgoe 1’11? Im B Xe ¥ aOrea 'lt 1 S are r

cl ustering '§Yep 3, “fkhe f(éla% SR P ot &t PIOREEB 81“6%“%8? u"s‘i’ fY ‘?ﬁ?‘]?}“

sui tabl e clxusmxemons,gwbdngmad bhm don@unar icaust e edntputer6 ﬁﬁd(@.m%dt&a it e ivagge may

be di vi ded |nto t er  .of kern |s in ea |l e are counted, and
those til es2R%i n{fatﬁre m#gréth gfls REPRe @ngh, ?}geeﬁ P g%“?‘i!’nn@sﬁw’dw and

i denti fised xalsmtmet @high, Iﬂga rtaﬂgerlﬁgtlgﬂil@ﬁneﬂfso it @ keSin 4R §)dth ba Eﬂe%elo%gﬁ@td’i flow
chart that E}r’qt lf i.l lustrat etalls of kernel findi ng step in
accor dance ’gﬁ e‘F”e ?é}ﬁ &S0 4t ofAUSEHBE SRR (10 FEQRSH ﬁeawﬁ& toa

deci mati on c&t@tﬁm@ﬂvheﬂth&t@ﬁlp@t bfthe bij@ge |s decimated by a factor D in both
hori zontal and rtical directiq s) t hus neratl ng. a sub-sanpl ed i nage
contai ning only ﬁé’r‘ﬁF%e‘F‘s&nﬁ%’%Y’ﬂg € XS § fﬁl priferiiore ST s Ty wina r9etptlyd
wherein n afbriftiad 6f thdibre@eESembbatnNRedos, @fePiokh& Wil thesshiannedniat: this
stage is 30 thus reduced by D2 relative to the original imge. 7 WO
01191040 rcTla,0l11002al3 N OV 2004 For the object that is being sought in
the image, a range of stroke widths is defined, such that the |lines that
make up the object in the image are highly likely to have stroke w dths
within this range. The range is delimted by a maxi mumw dth wl and a

mni mumw dth w2, At a maxi numw dth testing step 56, the gray-scal e val ues
P(x,y) of the pixels in the decimated 5 i mage are eval uated to determ ne
whet her they satisfy the follow ng conposite condition: P(x,y) < T AND 10
[P(x-W ~Y) -P(x~Y)] >t AND [P(x+W ~Y)-P(x~Y)j] >t OR "' ~(x~Y-~"1) -P(x~Y)I
>t AND [P(x,y+wW ) -P(x~Y)j] >t OR C"' (x+dl~Y+dl) - P(x~Y)j] >t AND

[ P(x-dl ~Y-dl) - f"(x~Y)) >t 15 OR[I"'(x"~dl:Y-dl) - P(X~Y)] >t AND

[ P(x-dl ~Y+dl) - P(~Y)a >t In these equations, T is a gray-level threshold,
while t is a contrast threshold, both of which are 20 determ ned based on
the characteristics of the image and the object of interest. The paraneter
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.dl is equal tow / ~ . The inequality P(x,y) < T tests winesn/oize

- gray-scal e value of the pixel is darker than the threshold T. The-:? EE\{’H)ZU:U!#

i nequalities test whether ﬁﬁ@* = contrast between the pixe

and two points 2’% éhe opp%5| eﬁ@%@ﬁ%ﬁ&wﬂ&%\wm%m er wl centered on
the pixel is gredgdrstichamstic, Pibiohig ilRistRios of X t aken .fromthe

deci mat ed i %gg rdelg4 ROl rgﬁi 25 on the .cliorgl esbﬁ%?a%gpat@{%wq% BracEdigance
original, non- B mage 9 e&é‘.’“ﬁ%@ﬁe@@mﬁ@fyi ng the above condition are
marked "ON' at sfigp i66 flow REHrCAkl SR nfia ie.on.a line of width

| ess tham th?imrTgé(i mum $trok_e Wi dt h V\Al.. H%@Qﬁ%%g?%ﬁhwﬁﬁrdw%s@n Agecttrep 5 S;
the sane’ procedur & T8 RN IPEEIed tibogiment of tmrdsed iivaMonat Step 56, this
tinme using 8 B OLis Q1A charrthar & %ET |.LOL/ 0028 the mini num stroke
width w2 (apgd a corresponding .pgr a}rg%nfaggﬁﬁ .S{raf?f'u% mefhed Ry Endingersgiops w@l s
that may |ié on a°FHiee ypefylipartipnllyde the homext hﬁhmmcm@mm&ﬂ%%emo?gfﬂgre

mar ked " ON. 2, idiccard2foRwith € Brefife i sjunction (exclusive OR) of the& pixels
marked "ON' in steps 56 agrde 58%%&%’%8%%«5358‘? VG0 on returns a list of
pi xel s that may “t4 &5repiofesomhbmemngedtftuicd i@t WReH 516, 5 TR¥:FUM;and

i ni _rrumcstrak&erggtqgvlg%%en'q%%{iﬁéd%ts. IB‘F! n@gitj t% step 42152 for”the puf pg%%r_l of
finding the RO%: g ~Pat ent R Pf PERPT A Figs/ 2rd 3287, which is assigned to
t he assi gnee of Fighe ipz gbent gppi@BtvaRPRE b GaHcliof _ e gdisclosure is

i ncor por at Qﬁrobg{ﬂe%f@érer of erence, ,dﬁscri bes an a}?’%grll O% tsa?el;?'i Qe 't hat
carried out at gt ep RSt e t4at application, |ines whose width 10
is less than a Pigetisnetarionedifo@xiammRiRy et dgbblihed, 0. an i mage. for the

pur pose of afc%o'?éjaixxg'eg\m¥hex'[ i xel %P in order to p%%litfﬁreagfl%/p%%ﬂﬁl}'?sz"g%%é Prage in
preparation for pertortt Hgcopierdiment of the ateseat inveatiogni ti on. There i s no

provi silén made Fig. 1 hatfloaphb €t k@Bnatid OLefli M nating. .Iines whose
width is b?cuqi‘é\{rlaar srr?%l er.. m.ni mim V\? d%@%{rgégﬁmﬁgoég}rrgépﬁ fi2opsedl  an

i mage of parcel Yyt e o Prithe ehjest Wentificatios retiibigf R@ S, ihac&pdaandy @B, f ound
at step 42,prdfﬂreé@mwdﬂﬂéh€6fm1§rgseﬁtiWeﬁtfio%f%ﬁq enbodi nent of the present
invention. In this exanple, the object’being sought in the inage is a
triangul ar post at8 &Biddkererisduction i image obsiins geedtated bREYIplye6 theli&LJRSE UM and
m ni mum wi #iges dagedo i3 iBiRRFAQ AL i ned.based on the w dth of the bl ack
bor der Io'gnes that formt heg%si dlgs 0 ac?ﬁgiﬁc?fvgﬁrz&f)@%”fﬂém diragnt pichhe pE®IF ound at
this st gemé(FrSI‘Bn'cont ain lines whose width is on the order of the 20
borderlines of stipdaTLEA D | ' at _a contrast peak
extraction step, 44, .the grﬁ%ﬁgwmmmD%Ngéanned al ong a
set of sel ected'$car risepepastitog! tisough dfhe s 2016r $680 JohRgS Y be
hori zont al accy@edce Gath s Qrerdicd - hough a single scan |ine per RO may
be suffi Cln'g‘ﬂé‘ it is agsreef er gglpgdu?%n@lﬁétge P ‘%Benblr‘wetnﬂglée“\@éréﬁ 22; hwigg pdabelROT i n
order to Pl SdBaPeRe Ry aeonesyprdsust graMirate ipdgRfoe tabhel if &gtu;eglbgtai ve
orient as i oftSneAsd, £bR4 et n scan lines are chosen based on the
si ze and shape of §I?%e llé)}bj ect&%gﬁ’ ﬁltggtg%nﬁ%‘ﬁey.a‘f‘%oa?ﬁg

ec! efta el cqmpg. SBherimbgenes

i ncl ude oi F7MEPdsHehg cameridt digitizal andlphssef totdyzorkaseh s, wRcH RBERGhe mEhgs 5 1S a
pl ot of gr@¥ecrBedlSei] val f | ong one of the scan |1 nes passing
Phrough RO e 18RS Bt Tut] iR atuc Bem penmeeriah Abimbasueiy, the
gr ay- scal eNgBICeRsEor mapr@eve thyitagetiom Send Ntk <R, 5APMESRHSe Al A%k, zaNd O

represent s, W& (ol aks in th | ot . correspond to strong contrast
vari ati ons, Mirgﬁlloaggov@zcgﬁen&dg}n@af lalg)‘?lnfsetpe“arleiada?m‘i’lﬁa-“tcﬁbf baraespstel #2, Qvhich WO

01/ 910%p routes the parcel accordingly,



PCT/1L01/00281 O ~ O- 200'f w uch the scan line crosses one of tTteB NOK 2004

. borderlines of h@ @‘ragul ar sticker 64, In order to eval uat@ﬁm@/(mgqit hs and
magni t udes of fYQ Rid peaks, a difference function d(x) is defind as. d(x) =

f(x) - f(x-L) 5 wherein L is half the expected stroke width of the line in

t he obj ect being sough p L R6sedédnfr8eE NGEgchidied @R d(X)

derived fromt hg cﬁf%?grl EQ/é’Fetggabl¥ (:Br§prﬁes %:%ne?{_)p ﬁ Sc?ont rpaset n%e%r (CP) in the

i mage is defp gafa)@datbyoﬁ\m ap:raﬂabartheme?hoch oﬂthelptee«tnt urwerplem Thiy eofigides HYPAL | ve

peaks in d(x aks 74 and i glaetﬁ Jei tudes

of the 10 “chag’iél tﬁﬁg‘: Q%tqr\f’ecrﬂe’éﬂ?‘sorlﬁust% h%%@gée Xtﬁ GFQ/C pr ede teerm ned

threshol ds, métmi st dhers TINROAL, | foinRetavieeth ttmpropmdcs Smulssoﬂyarmnamsmﬂarhé:e

predet er m ned rmaxi mum and m.ni mum w dth | lmts (a @H ?pnes g { nobj ect,
Based onS t hidepted feir e il 9ther iimese| REPFesSHE APRICHLIONS 3 7‘8ayc & STRREEN T Hide

and peaks 73.ang oﬁgth%ﬁaorﬁlﬁt&rr?ﬁ%'ﬂé mafRf, NBKerndaudly, @}&akahdﬂﬁ dafadbel her@inandyoo far
apart to represent a CP a axe therefore di SC@ ded 5 Wth regard to

anpl i tude tberiepleoruted using Cieélcﬁb%@‘@’éaﬁe P HATOFHEHR e?"égﬂﬁtfég“?‘lﬁn%cregot' 1 5t15vel y
weaker than, REAkS.a(f AtlaRRed Pf?@&s 1BraRRiEbld BlchePs as@at sdfansi Thoos biet ween
the borderlines of the triangle |n sticker 64 and the da ar ea i nsi de
the. tri ang;brecesﬂttneBs)elnt pasgeh seriinm Systere 2¢ Frafeseribed ihsie Pybyay 8 ’fa%@@ntﬂ? 8¢t t han

t he trai(sl fél i bet ween the borderlines and the light gray area outside the
triangl e; H88nt ed by peaks 74 and 80. In order to deal with 20 this

di fference, t he Rigds habe cappihedhdnatipalin dostpésa ksnereddprdfim@ges opipdfiedthabl y so
to a |l over value than the threshold f nt r ast
char act er i sE138& BRFFPELRAEIVIR 2 PIF eéfﬁg © rg%ds"ﬁ%% gF thg%gég é[hll;{’rexgggag{eﬂe nbia 50

f or eknow edg@u@taﬂtytaeptmbmetbtﬁdamg mgjeﬁi)ughlhs layil P4 opeartRB :Aégweblfcéstse ke t he

t at f th f m
e i o anaPyAet RieoRYRErE YRS R GHEY O TR Ay B REHEe S The

cont rastsang nﬁ?_%g ex3ndS€ Py stfalghifortaidineanha to ﬁndnrrgmtw@leawbmtsewltmewlyaﬁr In
candi date CP. The position of the CP is nmarked as the pixel at the center
of the doubF@EPeRsf correspondi ng positive and negative peaks. At a radius

tT ﬁstl ng step 43 ./fktaalfeg@l ﬂ@xﬂﬁ%t%mﬂpytm s?tﬁ:sét o aehiek it the oGPl ifnegersce wannsd ep 44.
e radius is defined as the distance from, e te"
pi xel . A whia Bndopixedq thitdie oeﬂhtnégepfa@r%fssba" %ﬁlﬂﬁ"éﬁ? prSgie?m%r%n?e Sfthe rF}Q{E!éal e
value is |ightgr h&'@@fbrtﬁt@ﬁurmsehaﬁn@ldﬁehe itk laethaectcaemﬁaenn b objhcett@szbgy mor e
than a predeterm ned threshold. Wereas in s d& ntrast, was @a%ured
only al 8fg bhé&usdadhese pissls afentegteéﬂ‘e%lsl t‘“la§”ﬁ1§ P e Tons

around the ¢f, élﬁsters \Nn0 14,240 gge[rthg@gaﬁt%m&ﬁ e ecatt. IZHOX e>kamplef the h@ge
di stance from the centér pi xel to the nearest ite

than or greawpbetdiadedtipie tﬂtsedelﬁ mtpe] pinkareelsgp ef‘chlemﬁta%t ?.Puptgﬁ fe {K}'Sue s
correspondi pg P, hé?b% %F@éﬂéﬂabo@h%w@?&uﬁﬁﬁ& Iaxfégdetnhﬂedra’sdieloﬁgmg fotregibrarofar e
passed to a. staln formation step at which these CPs undergo an

expansi on opésatti®@lsln order to reconstruct the objects in the ROTS. 5 Fig.
7 1s a flow chartg Ogt hal , ﬁ&@%ﬂ% ’ch%taéché(ndtll;zlw%h%t?dtﬁsdeﬁﬂi & demeDfindsibaiep 4boinmat i on
step 48 “in accordance with a preferred enbodi nent of tH re 54 1h

i nventi on. Rovordsacd it a prisrrROpsbodisieat Rffthe eserpy RN 4* ect’ﬁaew’h%p i's"Chosen

to serve as a seed %BO{S r?e)é%?e%'% a @ B i8b8ih horikéhtd 56 eertisel dredtions) thisep 90.
A contrast ChPeshol so chosen at this point

det er i ne V\/rgemdnatmghaubmrmé«tcslmaﬁe tJCPDéaW O@hﬁt‘:‘lIPH‘CIBé‘a‘d%ﬁjé‘dgtCBMQmﬁFSs@lv%lfb’p| xel s

0el onging 1 b R InG LRy g 3P o AT OFhelflOW.of Bieth & BOlatancl hewnlsTiragsbol d 1 s
chosen based™of t'hé gray sca e va the seed, for exanple, as a

predet eryg nqﬂgsrgﬁggdt%rbwelatlb@tostﬁ@gxggfaﬁﬁmﬁm e val ue (wherein black = 255)
or as a function of the contrast in the imge between the seed and near by
background pixels. In this nmanner, the subsequent stain expansion steps are
adapted for contrast and/or brightness variations that may occur in
different parts of the inmage. Most preferably, if there 15 are nmultiple CPs
inthe RO, the brightest CP is chosen ihitially to be the seed. The
relatively low threshold that will be chosen for this bright CP will also
pick up the darker CPs in the RO that belong the sane stain. To begin
expansion of the stain, a pointer is initialized to point to the first

pi xel on the list of pixels in the stain, i.e., to the seed itself (at this
point the only pixel on the list). At a 20 nei ghbor checking step 92, al

of the neighbors of the pixel that is currently indicated by the pointer
are exam ned. For each of the neighbors, it is first determ ned whet her

t hi s nei ghbor has al ready been considered for inclusion in the stain, at a
pi xel checking step 94. If not, the gray-scale value of the neighbor is
checked at a gray- scaIe checklng step 96, to deterntne mhether |t IS

o . o - N N

ess
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next nei ghbor i's selected, at a next neighbor step 101. SPEp80yA0241

h
. 101 are repeated until all of the neighbors of the pixel currently chﬁv 2004
i ndi cated by therop@iebikt MY en exam.ned. Wien all of the neighbors of
the current pij xel ha?ve%llzcjeegt ngQIE Eoélal?(“’fﬂ"é.’m&%ﬁ f &Ffi8e |of $trokst widDs fi debhesl, i n t he
stain is in8jskgucthe inesghat immke ghibe kbjag irsthe Pnakd &re HBy RS Oh e t‘f‘él%t‘ﬂﬁt'imt her e
are any furtlrt]ﬁr r{i)i xel s on the |ist whose nei ghbors havé not Been chatked.
If there ar& POFETEIEepi Larees s delimited\yp a0naxO 0w 6idRCH) lahdl hORASH widtiNwQV 2004

the list, t - .8l ze. of t tain is checked at a size nonitoring
step 104, i%ﬁ%ﬁﬁéﬁggldyﬁ eftg]g§ﬁpgg’tt t-frale gplugs R Chpef thstpibelsietidednaetded a

pr edet er fri nisdgsire evaliarei to defdinge WhBhbr thes soH he.size. of the object

bei ng sought in the imge. The stai nﬂéezsglr‘lsg’?gen@ly%%%ﬁoﬁ?pﬁglfeecﬁnélpont he size of
the stain exceeds the size limt, in order to avoid wasting processing tine
on a stain BP@Raj<gannot 5 correspond to the object. As long as the size
limt is not exceeded, however, the pointer is increnmented to the next

pi xel on the list)”at a next pixel step 106, and the preceding steps are
repeated. Wien it is found at step 102 that the process has reached the
bottomof the list, any remaining CPs in the current RO are checked, at a
CP checki ng[Xs-en,y10B(x, o> dANBINixM& ,gL)(lm?} hgr there are any of themthat
were not included in the existing flst. T] so, one of these CPs is chosen
as a new seed, &R step 90, and the entire process is repeated. Preferably,
if multiple ?i fferent objects are being sought in the innmage simultaneously,
the CPs t hatf Griy1tof FedlbohdND gPeivewl)arkiest >af t he obj ects are expanded
first. These CPgpwi ||l have a larger size limt at step 104, and the
resultant |arge Stains may subsunme snaller stains that would be 15
gener at ed bpexpangd) D > ' d; to, correspond to smaller objects, thus
reduci ng thgeP(t o!t?gﬁq%rg((:xgs?gi Egi\r?ﬁﬁ@ddrlqud?ré{f’ys tcorrpl ete the RO. Fig, 8 is
a reprotbuction OR a binary i mage of stains generated by applying steps 44,
46 and 48 (Fig. 2) to ROs 66 and 68 identified in the inmage of Fig. 4. To
generat e t hE$e dsydinst (xolirt irA2SD [Redkg+dgpr Bidshat found in the ROs at step
44 usi ng sgan | i nes spaced by half the height 20 of triangle 64. The dark
borderlines of the triangle are clearly identified in the corresponding
stain. O her stains 110 and 112, which happen to include |ines whose w dth
is simlar tg that of the triangle borderlines, are al so generated.
Finally, at® g‘r‘cisecf’ﬂ]’aé’i%’ﬁ& { &g Hi-levd Hireshalp Wi t is hoowtraitrihiigld, Both bhehistt &b N

i mages 2ar e daRahiysaddseli Qn | [ VAT o J int.erest and jts position in
the overal | inmage. Va(raingﬁgﬂ%r%%gaggf%géﬁ%%iaﬁTgﬁogachéé’ Infeﬁ??g,ﬁé?sp t%nown in
the art, mayislguahpphi/ed . atheidi®lisPeRy) UBiRg whkthdere driRscBle DALY oS Al | MRges
al one or the corresponding gray-scale information in the original” 1hage.
The opt i naks @HsT den b thagshod Tt Hie atmdikingsinaisgies dapards: @ gﬁaﬂ-@ca&%%a{si c
characteri %ti CS gf the qbject and is beyond the scope of the present

i nvent i on. “PP% PF PR (a3 8¢ Erptpoimorgip@pposithsides ohe citdlee diaagpter wedett@edar ry

out this algfi.t ' e suhst anti al reduced, and the reliability of 30
obj ect i dent i%aip _c)%{][lg %pﬁgtérl}g%ntta%ﬁg}nws @Hb]éﬁé%ﬂ’} g?lglﬂ}%c{;%aﬁe%%?:ﬁ%%olw i mage
pr oces$ng ok thewvicly may brealen tromrtherigtial, hitedeoiljaREe tmdggCcogni ti on al gorit hm nmust

be applied overpthe entire iyage. 12 WO 01/91040 PCT/ | LOL/ 002810 Although
the preferred epﬁ%)ggsdﬁaﬁse g%%%@r"?ﬁ%’ﬁ“’&ﬁé‘?é“ﬂé#%@ % §epr & cedwiingthaf thay

gray- scal e niaRgén Ofne 3 &R Bds Phah YRS adnhimMbke \Qﬁth:{%g eflitf.]atng%g U%{lg\%étﬁtt?rég?%r q

principles of the present invention nay be adap

manner to pep6esis sumBgesecdafe iStpateaTti (B pivelamkddyRer 4 Beh vdipgeel.at, | meges,
It will thus be appreciated that the preferred enbodi nents 5 descritbed
above are cited by way of exanple, and that the present invention is not
limted to what has been particularly shown and descri bed herei nabove.

Rat her, the scope of the present invegtion includes both conbinations and
subconbi nati ons of the various features described herei nabove, as well as
vari ations and nodifications thereof which would occur to persons skilled
in the art upon reading the foregoing description and which are not
disclosed in the 10 prior art, 13
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A nmethod for finding a predefined object in an inmage, conprising: 2
selecting a line belonging to the object, the Iint having a known stroke

width; 3 defining a maxi numw dth and a m ni num wi dth_that together define
a range 4 Bf WRBPRSUPHVEHYIWEEM 3 CARESPRWHEDRRCE égst By dn Wi‘so‘i? » PIEl§ i ndi ng

a feature jn the.im havi . feature. w dt it hi h nge;» apd 6
processi ng{hf‘rh%m% e nu_ggne[ ?a)fv%lg@elfgsﬁiﬂ}?@ tﬁv%%‘?’f\%ﬂeurn ! iafowf é’&t}g{ﬁ'ﬁ%rr?ar%?d gﬁ\é obj Bct, 7
wher ei n f i HORgept dopthk @ajudéini(exclubiee ORpothe pingds maked “@VT innvcpn e andfigrist | ocus

of pixels int i mage, bel ongi 0, Qno or re elenents. 9 of the inmage
havi ng a V\Iag?%hﬁ@éi@“gﬁ% r?tH‘é‘gﬁggiohﬂ‘ﬁaw%@lttrmyr}%@nfhirﬁd‘%%ée &”@b‘é%ﬁ&'e‘fn& tis of
pi xel s 5N KBEMLARGE mREheN Girl@ Wilth® NEhedlst FBpet tblstel QneNins pofpoted fintiage
having a width | ess than the m ninumw dth; and 12 taking a disjunction of
the first ﬁﬁ&oé%cond loci 1 2. A method according to claim1l, wherein
finding the firsk bAGHSASRINGd 88510280 WEHENG askiddbX @ 1HBAVHASe &F e %bésé@m e
value that differs by at |east a predeterm ned 3 contrast threshold from
the gray- seurs apalicaéan, ond gthater difglosereds deogotesthgrive bY FeretPofisariehat s
equal to tglg?mﬁ'simﬂﬁe tWt?a&llaarriEd ourt af StdPPI6 1R g CRMEH: REpI AR08 e Wikose WA €1 N

finding th eature in e Image 2 conprises sub-sanpling the i nage before

fi ndi ng0t his l¢sethan a sredethratined mayinamsabilentifiod ingh im@gedér theeurprisg ef finding tehe | mage
are consi dergd . inc 1R 1R Lhe. [ : ; I claim
T Caher of nPreRd Hact BEPHRLD Ll fles BF B b prdpoiio B RLAIMRIR AL UL

cl ust er of rechgitpnx elterd in tohgodiie) wadst indhet applichtenf hewdveradel dipootimg Bekoci as
a region of .interest in the imge, whi.ch region is a candidate to contain
the 4 obj eglh?sef%cgtgKtbr?’!?f”haosglag\ecrc%gﬁ%ngw&dg" claim1, wherein the object

conpri ses one QfFig.mds € reprdidtikdinidgsn Diagadf pat@l2 apmorddh ngtetn@OWhosdngtRMsi tem i s

to be rt b orting system 3 and er ei rocessing the feature
conpri jgs gg@ﬁ%/|6gyfow i‘thgeq*réik’f‘naég?rdaé‘ﬁed Vi cao%geing? r?bn%%%?lfﬂgnogf tg‘ﬁ@r Ftem
responsi veimventbhe Id shendxkfipledhdretidct bgsg sclght AVENDEEYeSHEEFTangular_postal. sticker- ., . "
.~..~7r~r iru a<Jl 1 6. h or finding, a predefjned object in an

i mage, conmpfi WRHS CO@E‘@J’ég@n’%ﬁqa{‘lﬁ Re Bt 8 Ry Ve %Bfgljcsttfp %@ i ne
havi ng a kpaenad Sise@kg 11 Wit 4F;1he3o18fioRdeN@estrhnpebs intHA sidesl bhtha mdhngle MiThie mUM

wi dth that together define a range 4 of w.dt h§1 ther,(ﬁget veen t atﬁc nt ai ns
the strokeCWFdRRLS &8 f5undiahdus seesplsn sontsn (AR ViR Havi AY U5 P o Pewi dt h
Wi t hi nophepsRBdess oB8dk& gar ocessing the feature to determine whether it is a
part of the object, 7 wherein finding the feature in the i mge conprises: 8
identifying a rRgrahsarvitntier 2t & PoPteHe  tnEyaciofsier A4 18° & a%éc?mi‘ﬂlﬁ'fsemt 0
contain 9 t{if T £€tcanddd BInQGldeNEr Rlesed frah lifke pRASFItAGuiththoRON. tThesdaggi on of
interest; and 11 evaluating gray-scal e \é@l uesh of , pi xel s, di Sfﬁgﬁ?d al ong the
scan |ine Sppsaeavits horiaentalpvestioghpr diggonglo plihqugh ¢ sigReseangling re B be

separat ed LERMANEisFREEDRE tP¥sedwdiof HRCRad RS pérRAIZ3n Wdehtmilleahe pagR. 1 7.
A nmet hod according to claim®6, wherein selecting the scan |ine cog‘gr%l ses 2

sel ect i2hg &0pt 1apust.i Mpstameferabli thy reladive grigpiateps éﬂ%%&&%@ét‘t"ﬁert%%m%

det er mi ned .3,sLLERONGH ¥R 4R Ad WIFBRS LRMLLRE: Gl BBIRCTR anylce, th SBABRE
according to claim®6, wherein evaluating the gray-scale values 2 conprises

findi ng t hinckiehprassmalyfasien ofoh of daerielt ke BOMi f f erent between the 3
respective grayggcalée,valugs, 8lscae $elechnd f&ylaron%fon& he uRi %8l BnedNpadshg scan
line, one on 4 erther side of "any given one of the transitions, exceeds
pr edet er mi thrdughHR @ls¢fo| H. this figure and in the description that follows, the gray-scale values are

30 reversed, so that 255 represents black, and O represents white. The peaks in the plot

correspond to strong contrast variations, which are encountered, infer alia, in the areas in
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.1 9. A nethod according to claim8. wherein the pair of tplﬁ:émpqlﬁ?%qs-béam 2004
. Separated 2 fromone another by a distance that is selected as a f Mn

of the str okizhwhedichh linelordsShs ofle ere n the

obj ect corrprl ses_onge or nore Z@Ehgq?rgg&gﬁhglhp%tégﬁgﬁﬂﬁg %}‘%ﬂ% teh t he
itemis toCHratedhe Bt pndimagsiteden of thess pesiy, alifferedcamntion a(xprs«a@ﬁﬁ&hmg the
feature conprises identifying the narking, and 4 conprising sorting the
itemresponsive to the identified markings. 1 11. A nethod for finding a
predefined obj ed¥)* fiX)a fixl)ge, comprising: 2 selecting a |ine belonging to

the objgct, the line having a known stroke w dth; e T ~~.~0 rnn
CSC 1~J°623 DARBY ti DARBY PC 013/016 - 3 N 0~ 200 417' 74 pC~7l ~ ci ~002el
~PFA~| ~S 0 wBerb@LLis half?.hdﬁbédﬂsidm@‘olae ekl LN At A Rgthl«%m Sgu m wi dt h chat

t oget her defi ne.a Ja g ﬁf wi dt hs t her ebet ween at “contai ns the stroke

wi dth; finding 28 P&Ol?t lﬁ@ev%ﬁ\g@tl%%hdjnaedf%m the @bl \dtubs K(vt)tuInFilg the
range; and56Apfoﬁ@a&5§dalagjﬁ)h@théﬁﬁég!é'isedeﬁ&d ?tﬂ%r n}mﬁ{anﬁﬁtgetfof :Ql %il tﬁ&

of
t he object, wher el n Froce55|ng ure conpri ses Iocus
of at Ieasf‘egﬁﬂ\? ReRlFstip 400 phugdeps Hfékso?ﬁgﬁﬂddﬁ dfotmhifyeaalﬂPexheaHWthemamil ng t he
| ocus 110 rge@RetmUClesde Jehine hé! &40 hod accordjng t
claim1l, wherein exepg)andlﬂrﬁ3 m cheél {:& t?)vseeiarézte%negﬁt thkﬁ ‘{)é{‘fs
addi t i onal S§BP5REP" Refrgen the p a@etrhe Wﬂdimtthmpradetdrmsd matieuh Bhd midlnupd wigth 3 and
has a graynseahs ki€ ibg a d.t I's. sot to a
gray-scal e 4 val ue of mheyg&g?eaﬁsa?éag%ga}mmsep atl’on pfritaon, Hea;ﬁtg%{] %ift
accordi ng fe@reéf}naplm@and/Wﬁ@kSeWSranaadnngemrb@ntaaﬂduhézt i plkakaisX @hd §40art WR er | ocus
.conpri ses di:p d | xel, and wherein expanding the |ocus
3 further %%m;r% es‘Inlt aégﬁarghm Or?%l %H&%f urt her additional pixels that are
adj aceAt to t héVih xeghd forthe Mplﬁudeomushcadmd ithia\o@seheg peat fewies o ayr $€afee val ues
beyond t he shol.d; .,and ng.to add the further additional pixels
when t he Igstci:altfge ¥ 858 ”harépef'%nzé F‘ﬁﬁéﬂ st efg S Het¥r i reES PR YpBiSIs ket esn dhe
di mensi on bdrdérlres @BjtlECthangl]e ihdsticlddr 58 a0 theade@iO bR NGeatifsidel AL Miahdie, WHELLI N
processi ng r; S f eat Lf]ﬁ_re ses 2 processing the expanded | ocus so as to

nsitio ct8r HE%

mat ch the IoEuS%° ¥ lowpr qagt raSAt%fh?éﬂn%%éPﬁWﬁ@ thbasdeslings ang

wher ei n ththedlbl}t@ﬁety a@daﬁmfsidsfﬂ&tﬁﬁxgleofepﬁ%@d By PRIKTNGR 0N 128 dbd SMRea1dGGOr di NY
to Whl p HjIé&,eml hrgle sorted by a sorting system 3 and wherein
pr oces ! ng P HETeES: é EVRY PR tq W@F%ﬂﬁ@%%és nrﬁfemb}ygs to aleevertvabenpr i si ng

sorting thgad the frEsRSlP ERDINE pdals TN Ehdl sde itk bR PARKEBGScs ok é&ec&r?gpi?l@{ ;atus for
finding a red %I ned object in an inmage, conprising an i TR processor

operative d Véﬂcheﬂé% (pA%ed | gp fqﬁ@mpwh@@ plathengpiast beiag up@hwl willhperiamt i s
within 3 areéa%ﬂ‘]@ﬁ oP B \WEER113n BF ﬁ@'@&kd?%ﬂh@ﬁ%&ﬂgg‘éﬁa Wg%ﬁssatﬁ}gv F@h ﬁ%@rﬁ’\fl dt h, the
on

range being d defined so that a known th of a ging to
t he obj ect™ aHYZd \{jornieR o mightsory aghgéo lefind Ay (GPhidet ety diei apetrdso apf peass t he

f eat ur g5 t OsefRLRNIERAS Wﬂﬁh@@'&t ét 445.15 @ca[ﬁ@i'aatgchG Tﬁlgg sgmn%{‘;ﬁh %% hak FNFFT
~.~~~...V~_~0.0Q0 rnn ci a DARBY 8 k)
the pixel at the center of the dou let of cox:respondmg positive and negatwe peaks.
At a radius testing step 46, a radius is computed for each of the CPs found at step 44.
The radius is defined as the distance from the CP to the nearest “white” pixel. A white pixel
for this purpose is defined as one whose gray-scale value is lighter than that of the pixel at the
30 center of the CP by more than a predetermined threshold. Whereas in step 44, contrast was

measured only along the scan lines, in step 46 it is measured in all directions around the CP

10



4"' 4 PGTI I.L o | ~o002al, . ,~W5 o0 8 Nov ,zp02. 7 wherein the inmage priwﬁv

i s arranged t‘@ofl,rgmbthe feature by fi nd| ng a first 8 | ocyeafimael I?fQUlr
i mge belonging to one or nore elenents of the image having a 9 width |ess
than the maxi numw dth, finding a second | ocus of pixels in the inmge 10
‘bel ongi ng &@t@@eetortfm@a@taﬁde%ﬂms caltertptaewor{w?eataavwmtg pikelth iRy Je§SFaf NN the
11 m nimumw dth, and taking 611unct|on of the first and secon oci. 1
7. Appar at B%gf&@iéfoﬁhmr‘ilgpff‘de@e@ﬂqﬁﬁtﬂ the it ormee. ithd ergrespendinn B it diptarded. devi ce,
2 confi gur@s:h ylEPs GRBAY Re LSS t,rr@r%e awﬁztsttq't@g seﬁeomxsﬁtt p@%’ of OnfERHEEY A

el ectronic representation of the iImhage e 1 mage processor.

Appar at us ﬁBwrdargn@nwa@sroaromramnLmrépretpmecpm@u@@ee@lec@gnme@es one or m)re 2
mar ki ngg on an orted . and

wher ei n§t he 3 a]% Z% gg&?féaqt tﬁ&{ %}%dl\g{]éaﬁ{m&%% h%ams fgttﬁésf a gort%e Pl £t he
itemres pomcs:mdencteNeuhetpmcferﬂedjeﬁtbod&mmmﬁﬂte@resemhtvwaroe porogduicof thaRofs b ng a

predefined 2 conprisin uter:readable nmedjumin
whi ch progfa ﬁ%{e ﬁ%tnp%“ngagtsé?h%s%r n%rveé‘s G\Agl?eg O GXRINSIAR iy ey iR dethad by a
conput er, @(ﬁmﬁﬁt tqtlapa S00Mpubgirast thrdshdddl ialhe akddére ad ﬂusgpdaﬂtemuaﬁgseaﬁpﬁyd o a
feature w ththat .S Wwthin a.r be%weenapre fined 5 maxi mum w dth
sad m ni mu Gﬁm&ﬁehwm‘thh%hef BRGE %@F%&q FEPhhgedded tonttist 87 Rixglvkclenemede U wi dt h

of a liine hehondergbdddelohe Foliteny, tﬁe&HeﬂtoW it Biiodert HAed' ANBEgradle il Ber cause
the 7 conputer process the feature to determne whether it is a part of

the object?t eée%g’f examplends 3 Riedeterrripsdifpstionofdle topd eupniseralue (whersim blagkhe
feature by=hisnding s futidd &rhe Joﬂﬁ&b‘é in%the Haé@l)e?twbéﬂ tfuh?eed %%a@ﬁb&ﬂ@‘o% to one
or nore elenments of the inmage 10 having a width | ess than the nmaxi num
width, finBirelgy & isceareer) be gsespensisiesy @cprrrqlow@pm_reram@é foetctreit aad/oo one or
more el eme vvr dt h,
and t aki ng%ﬁd@gsj ‘Laﬂ%to?lgﬁg@t)wgﬁ}? i rajgﬁté11 ean‘%n ggﬁ@ﬁggﬁgc?\m@&ﬂ%{s%&ﬁpar 4t us for
findindSa pregditalel inbjeds, tha b%htﬂstn@ge chosonnitialy W@ea’he semhg"éhe2rel|amnd;essor
operative tur d.

within 3 aforgvat%r}fe E)cgt%l &e@%ﬁ%&ﬁ%ﬁd&e n§1;< P’ﬂrrufl%lrlnﬂ)\(/%r1 %tuﬁ%Fb & ker?tr zr/“:irasrr’:i} %ewr h the
range bei nthatbetfegititsemssainhat a known stroke wiwdth of a Iine bel ongr ng to

foature To det orvene SRaticy! nf A8l o HEBREL (REE R el BRETRIRTT oy -

~, i L~I LUUBliL @ BtelF AXhe bigin 53 t6 28 Fedd 1A~.EtBtiét &@RBYhdmly_pviel oﬁilﬁe/lﬁﬁ)ﬁ Ag a

o _ - .3 .20 4 0.8, ~LUu~ at, ~4
Wher ei A0t ha® rlrjgﬁ‘éhﬁp}m?cﬁe G e e PR 80 R thﬁl/g cf’gﬁltt@rllgl%l%ibdgﬁet i fying
a 8 regi onpdifitei at e:tzeﬁxtedr Fot braeh roﬂﬁgeexgwersch 1§ Srstedecemmitledi@haher chicoudhdon t he
obj ect, se passi f_interest, and
eval uat i ng grzar)?adg e[n CO{}SI ed fjo Tof PR X8 amdr‘“s"[%%ée d&ﬁ{“ﬁgé %@ gjd’% 6? ne so
as to fi ndgaypaie vadble of ot me@@bortus amskdd] ens gtahratalcachecklik saped, ad detedntioan one

2 or oder | nae B EE P R he RO SR R e 1 e e O fser at i vo

to findsa ﬁ@afplmsmrhetstmt kB gel fiditon ge@od. e@tattehiriiol obxhﬁtatmstewtt)mmn 3 a

range between a ned maxi wi dt h and range bei ng
1260r i ned BgtrRuB Rl R PR s L ek P BBl Rearngs et h B ect

1; al I's wi t hhdxt hdighbbr i semeged A0 dext u?gﬂgef stqpmgatswpwt Drdaglp CEISHe iheb@ttefdﬁﬂthur eto
et erm ne er . i art o ec rein the, i mage
processor %ﬁtoétt; ¢ DEIRERYS t’%g‘b‘gﬁ%é‘géentl%'@ Faé%iit rthe WtffrlhﬁYf%ﬁ@ eé‘aISm?‘bcus of at

| east one i ni tiwhenpilixghhd@l@RGE BOhE @url'rdﬂﬁplf(@ﬂhﬁ\kért}%en anshineX RRNEIrRE: iisher | ocus
to 9 reconstruct the lint in the o 22. A conputer software product

for fi At ngXes PriBydpp Hapspemsdet @ hrtncha‘édrrgrr&@el 02 2t°cd6r9ﬁrm%whﬁheathere are any

conput er - r 8e@atesHR kUM bl Sl oR G RIbdeRSfbktat TORS. ere%rate%&éts o3, Whi ch

i nstructions, when read by a conputer, cause the conputer to find a feature
in 4 the image having a feature width that is within a range between a
predefined maxi mumw dth and m ni rumw dth, the range being defined so that
a known stroke width of a lira belongilhg to the object falls within the
range, and further cause the 7 conputer to process the feature to determ ne
whether it is a part of the object, 8 wherein the instructions cause the
conpute to find the feature by identifying a 9 region of interest in the
imge which is a candidate to contain the object, selecting a 10 scan line
passi ng through the region of interest, and eval uating gray-scal e val ues of
11 pi xel s di sposed along the scan line so as to find a pair of contrast
transitions that are 12 separated from one another by a distance that is
within the range. 1 23. A conputer software product for finding a
predefined object in an inmage 2 conprising a conputer-readable nmediumin
mhrch prograntrnstructrons are stored 3 mhrch |nstruct|ons mhen read by a

o " o M Y
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< <& ()gd: ]DfWE%@E%A )ﬂlg 5ark borderlines of the triangle are clearly identified in the corresponding

stain. Other stains 110 and 112, which happen to include lines whose width is similar to that of

the triangle borderlines, are also generated.

Finally, at an object recognition step 50, shown in Fig. 2, the stain images are analyzed

to identify the object of interest and its position in the overall image. Various image

25  recognition algorithms, as are known in the art, may be applied at this step, using either the

binary stain images alone or the corresponding gray-scale information in the original image,

The optimal choice of algorithm at this stage depends on the specific characteristics of the

object and is beyond the scope of the present invention, Tt will be apparent, however, that the

time required to carry out this algorithm will be substantially reduced, and the reliability of

30 object identification substantially enhanced, relative to methods of image processing known in

the art in which the object recognition algorithm must be applied over the entire image.
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10 prior art,
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3 défihing & maximum width and a minjmum width that together define 2 range

of widths therehetwoen that contains the stroke width;

4
5 finding a feature in the image having a feature width within the range; and
6 processing the feature to determine whether it is a part of the object,
7 wherein finding the feature in the image comprises:

8 finding a first locus of pixels in the image belonging to one or more clements
9

of the imags having a width less than the maximum width;

10 finding a second locus of pixels in the image belonging to one or more

11 elements of the image having a width less than the minimum width; and

12 taking a disjunction of the first and second loci
1 2 A mecthod according to claim |, wherein finding the first locus comprises
2 finding a pixel having a gray-scale value that differs by at least a prodetermined
3 contrast threshold from the gray-scale values of other pixels at a distance therefrom
4  that is equal to the maximum width.

—

3 A method according to claim 1, wherein finding the feature in the image
2 comprises sub-sampling the image before finding the loci, so that only a subset of all

of the pixels in the image are considered for inclusion in the loci.

1 4, A method according to claim 1, wherein finding the feature in the image
3 comprises identifying a cluster of the pixels in the disjunction of the first and second
3 loci as & region of interest in the image, which region is a candidate to contain the
4 object.

1 s A method according to claim 1, wherein the object comprises one or more
2 markings on an item, according to which the item is to be sorted by 4 sorting system,
3 and wherein processing the featurs comprises identifying the markings, snd
4  comprising sorting the item responsive to the identified markings.
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1 6. A method for finding a predefined object in an image, comprising;
2 selecting 4 line belonging to the object, the line having a known stroke width;
3 defining a maximum width and a minimum width that together define a range
4 of widths therebetween that contains the stroke width;
5 finding a feature in the i image having a feature widch within the range; and
6 processing the feature to determine whether it is o pan of the object,
7 wherein finding the feature in the image comprises:
8 identifying a rcgion of interest in the image, which is a candidate to contain
9  the objecy;
10 - electing a scan line passing through the region of interest; and
11 evaluating gray-scalc values of pixels disposed along the scan line so as to find

12 a pair of conmast transitions that are separated from one another by a distance that is
13 within the range.

[ S A method according to claim 6, wherein selecting the scan line comprises
2 selecting a plurality of scan lines, having a spacing thercbetween detenmned
3 respomaive to a dimension of the object.

1 8 A method according to claim 6, wherein evaluating the gray-scale values
2 comprises finding the contrast transitions such that a differénce between the
3 respective gray-scale values of a selected pair of the pixels on the scan line, one on
4 cither side of any given one of the transitions, exceads a predetermined threshold.
19 A method according to claim 8, wherein the pair of the pixels are separated
2 fom one another by a distance that Is selected as 2 function of the stroke width.

1 10 A method according to claim 6, wherein the object comprises one or more
2 markings on an item, according to which the item is to be sorted by a sorting system,
3 and wherein processing the featurc compriscs identifying the markings, and
4 comprising sorting the item responsive 1o the identified markings.

111, A method for finding 1 predefined object in an image, comprising:

2 selecting a line belonging to the object, the line having a known stroke width;

15
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defining & maximum width and & minimum width that together define a range
of widths therebetween that contains the stroke width;

finding a feature in the image having & feature width within the range; and

processing the feature to determine whether it is a part of the object,

wherein processing the feature comprises:

finding a locus of at least one initial pixel belonging to the feature; and

expanding the locus to reconstruct the line in the object.

O 00 2 A v AW

12, A method according to claim 11, wherein expanding the locus compriscs
adding to the locus an additional pixel that is adjacent to the at least one initial pixel
and hes a gray-scale value beyond a threshold that is set responsive to a gray-scale
value of the at least one initial pixe!.

bW N -

13 A method according to claim 12, wherein adding the additional pixel to the
locus comprises adding a first additional pixel, and wherein expanding the locus
further comprises; .
continuing to add further additional pixels that are adjacent to the pixels in the
locus and have respective gray-scale values beyond the threshold; and
stopping to add the further additions! pixels when the locus reaches a
maximum size determined responsive to a dimension of the object.

3 A W hHh W N e

1 14 A method according to claim 11, wherein processing the feature comprises

[ ]

processing the expanded focus so as to match the locus to the object.

18. A method according to claim 11, wherein the object comprises one or more
markings on an item, according to which the item is to be sorted by a sorting system,
and wherein processing the feature comprises identifying the markings, and
comprising sorting the item responsive to the identified markings.

B W N -

16.  Apparatus for finding a predefined object in an image, comprising an image
processor operative to find a feature in the image having a feature width that is within
a range between a predefined maximum width and minimum width, the range being
defincd so that a known stroke width of a line belonging to the object falls within the

range, and further operative to process the feature to determine whether it is a part of
the object,

N WU A W N
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wherein the image processor is arranged to find the feature by finding a first
locus of pixels in the image belonging to one or more clements of the image having a
width less than the maximum width, finding a second locus of pixels in the image
belonging to one or more clements of the image having a width less than the
minimutn width, and teking a disjunction of the first and second loci.

17. Apparatus according to claim 16, and comprising an image capturc device,
configured to capture the image including the object and to convey an electronic
representation of the image to the image proccssor.

18.  Apparatus according to claim 17, wherein the object comprises one or more
markings on an item, according to which the item is to be sorted, and wherein the

apparatus is adapted to read the markings and to sort the item responsive thereto.

19. A computer software product for finding a predefined object in an image,
comprising a computer-readable medium in which program instructions are stored,
which instructions, when read by a computer, causc the computer to find a feature in
the image having a feature width that {s within & range between = predefined
maximum width and minimum width, the range being defined o that a known stroke
width of & linc belonging to the object falls within the range, and fisther cause the
computer to process the feature to determine whether it is a part of the object,

wherein the instructions cause the computer to find the feature by finding a
first locus of pixels in the image belonging to one or more slements of the image
having a width less than the maximum width, finding a second locus of pixels in the
image belonging to one or more elements of the image having a width less than the
minimum width, and taking a disjunction of the first and second loci.

20. Apparatus for finding a predefined object in 8n image, comprising an image
processor operative to find a fearure in the image having 2 feature width that is within
a range between & predefined maximum width and minimum width, the range being
defined so that a known stroke width of a line belonging to the object falls within the

range, and further operarive to process the featurc to determine whether it is a part of
the object,
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wherein the image processor is arranged to find the feature by jdentifying a
region of ipterest in the image, which is 2 candidate to contain the object, selecting &
scan line passing through the region of intefrest, and evaluating gray-scale values of
pixels disposed along the scen line so as 10 find a pair of contrast transitions that ar¢

separated from one another by a distance that is within the range.

21. Apparatus for finding a ptedefined object in an image, comprising an image
processor operative to find a feature in the image having a feature width that is within
a range between a predofined maximum width and minimum width, the range being
defined so that a known stroke width of « line belonging to the object falls within the
range, and further operative to process the feature to determine whether it is a part of
the objeet,

wherein the image processor is arranged to proccss the feature by finding 2
Jocus of at least one initial pixel belonging to the feature, and expanding the locus 10
reconstruct the line in the object.

22, A computer software product for finding a predefined object in an image,
comprising 2 computer-readable medium in which program instructions are stored,
which instructions, when read by 2 computes, cause the computer (o find a featurs in
the image having a feafure width that if within a range between predefined
maximum width and minimum width, the range being defined so that 2 known stroke
width of & line belonging t0 the object falls within the range, and further cause the
computer 1o process the feature 1 determine whether it is a part of the object,

wherein the instructions cause the computer t find the featute by identifying &
region of interest in the image, which is 8 candidate to contain the object, selocting a
scan line passing through the region of interest, end evaluating gray-scale values of
pixels disposed along the scan line so as to find 2 pair of contrast transitions that are
geparated from one another by a distance that is within the range.

23. A computer software product for finding a predefined object in an image.
comptrising a computer-readable medium in which program instructions are stored,
which instructions, when read by a computer, causc the computer to find & feature in

the image having 2 feature width that is within a range betwoen 2 predefined
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8 wherein the instructions cause the computer 10 process the feature by finding a
9 locus of at least one initial pixcl belonging to the feature, and expanding the locus to
10 reconstruct the line in the object.
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