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to fast nethods for finding an. object 11 : mage. 5 BACKGROUND OF THE

| NVENTI ON Many i nmage processing appli ca{_f(‘i"éns i nvol ve finding whether a

certain object or objects arwwrage and, if so, at what
| ocation in the image. A dictionary I's given o the objects to be found.
The appearance of the objects ipigthoF TEpeNvRRweOYRr. may differ from their

appearance in the dicti o_nar%/. Reasons for variation in the appearance of
the objects 10 i A&f prawntigyeationgalates geaprallyfo mediodeand gpparatesdarn imagesrenessingnss,

cont rast _varsdbidfsighd kel BPRREH (A0Ges BERUERA, the obj ect and

background, and slight topol ogica riations. Practical imge processing
met hods nust be capabl e of ghedtdBotRS cfip@ﬁinfﬂv%m*ibﬁﬂs rapidly, even in
the presence of such variations, over large inmages. Mst nethods known in
the art for findM#gy Bpeposesiing applidatieng énvilie Hiding vdicthees copaintobjest or dEjeatat chi ng
or topol ogi : i S JYPLEANl V.t : Ui, hat . t he image
first be p%p?%%g@ggéﬁg%r ?F}ﬁélrfé%,ap g&éér% oélshy%“ég irA e Ct#ogag}' ﬁrgggl}o uch as
gr adi ent s orthechjes,to Bafotiad. iThenpgeafanceyf tle objects intthaimape) howewerd, yipxediff@ifrom

vari ations nti oned above, .({),arti cuyl ar Isy nonl i.near variati oqr}s Tqpol ogi cal
search met ot PRRGBIMGS e dttionsns  ReesAnsafor yrffatiey gnths ARPSRTERRS i dhe edfttSour s
and skeli@t ongiudehibtedonadcelidgOfbide] HOARRNGHBIOM, Sdiea GumbRtvitahé Yhjéonadd i ci ent
for 20 rapid processing of |large inmages., Binarization of the |imge before
sear chi ng f(?Ft"@B‘j‘ &he; abiech rpnd) depkgauad.c aidpligh Fapplogicatevariatipns ¢ j lupatisa! | {peger ¢ he
image is al $e0dambRiRds Ml BOdSHabB e din@Rg RicNRlBEA bifRis REWEY Blen iR
particularly sensitive to contrast variations. Depending on"the choice of

bi nari zat i omreseich 8fpuchhyAgiatgns. oyprdiTae imagssor t ant features of objects in the

i mage or di stincii@Ngedhil Wesh hhfe gﬁr&%&g&&%%%@@%ﬁg O Kam}nsh when

the inmage is binarized. Due to brightness and contrast” variatiohs wthin
the i magé, dnatdhingemttopdhomashedacth teqhoiqhgse Gumiertly, ytheyerpavirecethat the dinddeclireinie part s
of the im i I i et - f | i on is
aut omat ed arPIaRel B EhEH, % LA A A SThAN o WhORLD S AREL R Be
capabl e of metbygeiizgisemitinado | tbe dypen @f wardtions n@tiomed kbovandarstulagly enoslitelvat ar e

pasted onto inx%?ior?s.ar %ﬂé’\mgic-gy Qéa?c%l lnXt’ho&)annxol\yee E)Q{eraltf-om- ts@cﬂ R 8ffeS 'arpdg fuq‘ding

contours and skeletons, which are too time-consuming and computationally inefficient for

20  rapid processing of large images.

Binarization of the image before searching for objects can decrease computation time,
particularly if the image is also decir'nated. Methods based on binarization, however, are
particularly sensitive to contrast variations. Depending on the choice of binarization method
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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overall inmage area. Because the inmages are captured by a canera above

par cél convdieris alldeated tamicyn bdarge6@eall\iBdge dtdaO Bechue Hedhagdd Uee %agtu}éaq)
different hei %htﬁ of, t he par cels. Physical distortions of .t par 3eﬁ S
t hemsel ves CHUER 2pOYS MheRaEe! Conveye thereghay Dslargaverighiqns jroscaletduato the difforest ed

onto them Heighthesfnine euarctlsf f BRyRiAl @glbdibRNse Bk ﬁa?c%ls5th§ﬁ5‘é?ve?tcimfs‘éeﬂonﬁ5%¥r have
different gra -scalv? contrasts, stroke widths, fonts and Teature

t opol ogi es. 98 the strelgers| thagpaserpasied fontoj themn n Fusjemuare, odiffaréme: eflities afitthe
i ti t i t : { , idl. fi i bj t
vents o it ey Sy, SOBSEAL U5, L4 b 0 B

inan image. 10 It is a furt ong asp
i nventi on t énotogies.de met hods for finding an object in a inmage that operate

rapidly even on very large i o her object of sone
aspects of the present i nvengi%]gﬁ&t%{llqué)gﬁmg for finding an object
in an image thatltara oipstis thapebsac dientibetoepevidd MethbiR 420 AFFNGS Bf Wyl ati ons

in the appe?r@l{lcaeno%fectige object. 15 It is still a further object of “sone
aspects of the present PHh{A%8%ion to provide a nethod for finding objects

in an indge thatltisa ftthdredjebiasf st adpibtPStRIBERE iRARES 10SR6%ideFethods for
applications..In preferred eg\godl ments _of the present invention, an object

Ll > ,
of interestﬁ?%ngoaé‘ e e g it oRsEtrgandly eier PRl ferged®ages of the |ines that

make up the obj eBls yeRRNErihbr ot biCsdmdhspkds bEHEBre@ht int B0 td dé’@ngh&ls(ﬁ the
lines. (In %th ontext of the present patent appl In e 20

[ ' ication a
claims, thel £ 40 qhgect i an imggdibat prerebust ddcaistneyaminthe prasendearfygriatidrisn

feature, whptiheippedriRl 8fthe otfpdct.CUr ved. ) When these |ines appear in the
image, they are expected to have a wdth within a predefined range. This
range coéntai ns this siithafimthen abiskieofispuit kspests aftile frésere snviehta th elovilg atnmthiohe

obj ect, but g : LA . ations. that occur in the
Wt of ¢ SafEReRh dmBESI N oo A U B0 boifile FerE
contrast vari at ilomsefesed embetimentsans dlrespresert imventidg rantobjeSof fiiterelst tdee fabydeiat , t he
i mage is rap ro.all.features havi a wdth.wthin this
range. Thi @ﬂrr% %%?g%ngggﬂgﬁtnﬁydgﬁhgﬁ%&é ’Iéag’%\”? §8ﬁgg’farﬂ\adé’b%'ﬂ§ﬁa6@ emsefest to
be located thapirdte/widtiseftthe tiness q@mnthie ngntenloy tie oshtl pabdab ailicon tahe ipihxel s in
the i mage, wi.th igh.probapility that the object of . Interest will be
found i %&ongeﬁ“gf’ t? eh%rsnghl}'n gllsgchg? “”rdﬁ’)été’Bﬁ?T@S fﬂ?aé‘P%F‘?JéB“ge%%ﬁF%nwgetW sEREt pr esent
invention, @ gray)SWhadnahdseRge apRasit 8 Ghige, thadlaré Bipedt&Etoahy &85 bvidef witgt grest in
a series of S?L:e%ce sive es. Each sta

e

ta e narraq the field of search
relative tothe priéAoudaffiee °9\?¥?J‘I‘Seth?:\m8g'f‘ﬁtj° °ﬁ”‘\ég qﬂ@ logtibpthelong by Bet bei ng
sought. | n d¢Het,fouris expahdéd %ﬂﬂzo@t for any deviations that may occur in the width of the actual
lines in the image due to distortion, scaling, contrast variations or other reasons. In order to
25  find the object, the image is rapidly searched for all features having a width within this range.
This method generally allows a small set of regions of interest to be located rapidly based on
scanning only a small subset of the pixels in the image, with a high probability that the object of
interest will be found in one of these regions.
In some preferred embodiments of the present invention, a gray-scale image is searched

30  for the object of inlerest in a series of successive stages. Each stage narrows the field of search

relative to the previous one, while closing in on the specific object being sought. In the first
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| ocated by finWPAY*¥4lusters of pixels that appear to resi RCTOROVHBE: ures
having widths within the predefined range. Next, the regions of interest

are scanned to find contrast peaks, i.e., sharp variations in gray-scale
occurring al 48§ heresioneef igieeest re lneaed bysfinding clhystets 9F prckle thebagipeando resifienn t he

magni t ude ofgsUch h@m@ﬁ&s}&gé ﬁlgﬁgﬁ%}{éﬁeﬁkx gﬁgé hﬁé&ﬁﬂ% Fﬁgroﬁpgf ter'ie'%_ltsarﬁwfc%}élgd t hat

within the range, 1t ar’t one o

make up the todindeottragt peake &e.catarp \?éhaxonamogrde&cde peakingaal g nElEgpdiodcagieal | y
expanded in | r ow rocedur. to cr.eat e connect ed
groups of prtgléﬁn%g‘ﬂ‘aé/i\t egrcggxbsgowf Capaght %Ofssé{?ﬂea pegk WB%V(‘?&I%W%W??E@ 23hen,

hi gh- 1 eved I1fmg6thri£®ﬁlgﬂﬂthhlr£ﬁgeﬁf1@@@didrd@te t616e d FarkeTIN® of fhe LR tRHE knakd ¥ mappl i ed

to each of t ins in_order to determ ne which stain or stains
cor respond t‘g’ et"h@ H5reshj Eg “dfl‘d?tﬁtpéﬁ?‘ééie meppologicpll pxpajdsd én p SeRiGRETONINg one

that is depgireedtre @ clechre “ﬂﬂhﬁcie | dofuleded gibﬂ% dtpileRs halAB¥ Eﬁ)"r%f;at?ﬂth% s the

very smal |l subset of all of t he pi xels th are cont ai ned e stalns.
The met hods &e¥%tcele pauesh dben i highdeyshimape spegnitipn sipceduee, Rbis kingmini the/arh gs

| abel's, sy nthBl)l?edatB QachSdfl K @traﬁrs o OSth @eteﬂﬁﬁ@%luﬁh sthilor L&?&ﬁas c'arrgsﬁgdddto §ganni n g

and sorting applications. principles of e present invehtion nmay als
be appl i ¥d, dvispedfdnerestnThis mweageawgeo@x ongttiagis denmd@kfonsthﬁ nbjevhitest, 4bB itobj ect s

of interest p@]‘f&tmela%mggﬁglte%gl? sgngﬂ &!by bﬁﬂ%f he 5 ﬁ ?Bag% donmecll t@ehsgl di ng

identificati'on error Variat vons and T ons 1 N
There is therefoilee mctb&dsdlemtnbedmeaanw phativolerly\suited Bor pieaffﬁng hbhlsemibdlls l‘mﬂt of
t he present nvent i d for..findin r edef. i ect

mge, < ncl AP haRa et TS i thid mipeiae PR EPlta, B0k RirR el havi ng
a knO\r/]m sg r ]gkeeprmedttxhqenﬂﬁr I?kfyfa_lsgrb;gp;ﬂedgwwmﬂb nve \dtihraagmbf@tm mnfmmﬁwwm&m Lhat
t oget er e ne, a.range o t ther ebet ween t ins the stroke
e g s Pl em ik bt ool R MR e e i Ben el oy
range; and dpéw:ﬂ.ﬁsﬁdﬂgaddhﬁstérﬁatsmmein&gdet erm ne whether it is a part of the

object. Prefer abla,%(, def i gp t he maxi mum and m ni mrum w dt hs i ncl udes
det er ni ni ng var i ZP§Idher ?)re Frytdeddly aqserderice fith  REFTaRied EROQHmenhef the presephy t he

obj ect Whenulxxfentﬁﬂpﬁﬁétﬁodﬂarﬁrﬁlﬁhg'arﬁiﬂﬁﬁneh Bbject B Afisideeidogmpodi nent, finding the
feature in the image includes: finding a first |ocus pi xel s in the inmage

bel onging to ones%ercmi‘ﬁoarlé‘eéF]%ﬁtt@t}GPb$ﬁéhe¥‘W§en&W°W§S‘a°%Vd4th | ess than

t he maxizgum wi dt Bsfinfnl; B GiaRichush aemﬂeiamﬁﬁfmdfdtﬂorhae%gememéﬁh@a mrg&m@ah@ngl ng
to one or nore elenents of the 30 image having a wd | ess than the

i ni mum wi dithprebaiveeen hidicaptains te siekeotdtbn of the first and second loci. 3 WO
01/91040 PCT/| Loﬁr{cﬁ'%?a%éature in the image having a feature width within the range; and

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

Preferably, defining the maximum and minimum widths includes determining variations
25  that may occur in the width of the line in the object when it appears in the image.

In a preferred embodiment, finding the feature in the image includes:

finding a first locus of pixels in the image belonging to one or more elements 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

30  image having a width less than the minimum width; and

taking a disjunction of the first and second loci.



WO 01/91040 '
3 Nov Zoo Preferably, finding the first |ocus includes fi F\%?%llognégmoy ZUU‘
havi ng a gray-scale value that differs by at |east a predeterm ned S

threshol d fromt Ipeefa & at a ce
therefromthat is eq wﬁt%ﬁ%ﬁeeﬁﬁgg&?rﬁﬁﬂwgﬁh?&gﬁlpﬁr né{ltng\}eﬁrﬁ?"s(‘ia Value that

addi ti onal | ydiff erfb}h%} m@emmur@nmmmammewumvmosaﬁal pixelg the

i mage bef or eyl Adhp tﬁep&omﬁ s 8] Bl TS, BgBUOREL 0l L of e 'pi xel s

in the image are con3|dered Fnc

al ternati veliindmg tizedeliture orthd llmjlge ihélindbi &@-iaﬂﬂ m%@}fetdﬂﬁ@ Yefdrd Hﬁ‘du{g‘mg il 9Ghdpdes
|dent|fy|5ng a.clu ﬁ-{ the |xels in the disjunction of the %lrst and
second 1 oci S“?%"Sf’% %the Rixe r‘%gfe ’P‘?’get%"qnﬁ#@@ fopiarlesion ingthg logi. iFsrthacr

candi dat e tcnltemﬁthalymr hdvtionklly Sfilding kb f@atJernttﬁ\ﬁﬁla 1fr'3fhﬁire§ ﬁgntﬂﬂp%e?él f' ndi ng
the feature i,n the ipage includes: 10 identif ngareg| i er %t in
the i mage, W Eﬁnﬁgd@ueﬁwa@&%érsf endcssernd lasi !Srﬁereﬂbljl efinterestia| thecitiagey waick can
l'ine passi ng‘eéxb}h@b}@iﬁd{dﬁt@tJ&ﬂtaﬁQh@&bjécﬂt erest; and evaluating gray-scale

val ues of pixels_disposed al ong thée scan line so as to find a pai r of
contrast transit flinithes grefosied enlbadiment, dadifg hefernes imtho irvege iolndes: di st ance t hat
is wthiypthe ra cl udes

sel ecting a plur glgﬁfylyné;% éé‘?%ﬁﬁ{“lxpﬁg? ﬁ Q%&C}H %@%ﬁtw ctoﬁtré)lr“élﬁ’eogﬁéten

det er mi ned respo?PiﬁCWS Etstﬁardmdpmngﬂmugh)fherdfg@n@bjnmést afl ternatively or

addi tional ly, evg| [Pg %‘iu 4e vaI I udegs findi t he
contrast transi t| ons Htha O SélFSB?F(‘? %’ﬁn HeOr2g talF\‘}’éOf
gray-scal e vahtretrafitienssiet aebeparapd fom@he iﬂbﬂwﬂb)xaedlﬁar@é\thfah@ vﬁtﬁlﬂ'ﬂle T one

on either side of,regr% % e of .the t ansitions, exceeds a geterm ned
threshol d.  Most ' SFEPEr X qc{j]‘gt %%Ca’bgi’ermﬂ‘l’ eﬁﬁ%“ﬁil%?@fﬂéﬁoofsswdma&, é@l‘/lffgrﬁom one

anot her By apzdlngttﬁﬂ‘nﬁbetviebﬁﬁetbrﬁnnezQes?@ls?@id‘lﬁi dﬂ)ﬁalnﬁ%rf b'ﬂqﬂ:x% 'ogféctOf Altté?@dtx%l 811(]? .
eat ure | ncl udes Inlng S a

w dt h. Pref erﬁtﬁﬂ ces + t he
| east one i AFY i PO BT -FrElervaluiaclydeninding: ﬂleawatrwﬁamwngsuphémn ocus

t 0 reconst r uciffefdnee Hetvm@n the résheti@rB icale PINSds oPd ReBe@ Plivofie REN 2Gnd Qan t e
| ocus an ad |t|onal‘§}t|% that is adjacent to the at |east one initial

pi xel and h&d8% 2PN eof anyrgiveg jone of fhs Gansitianst ¢¥eessh o predetarmuined ¢hreshold.

responsi ve iMosg @fe@a}é Sﬁ]@'pﬁ”xr \Sﬁlh‘é%n&fs aﬁ-J‘%pﬁEteJi ﬁ%tongrlﬁothgjl%f é”‘lilstaxpc' falt is
Preferably, fS%ddln di tional gl xel "to the locus includes ad |ng

first additPord asbf%éq‘o“ﬁﬁds‘é@%‘ﬁa’ﬁ hng the locus further includes:

continuing to aqqeffel%g%gcegggltﬁelf%&gm%ml s that are adjacent to the pixels
inthe locus 30 and have respective gray-scal e val ues beyond the

t hreshol d; and ﬁn@@geichamoleast gnenjdijal pizelbelomng/th L@ H#a00280d st oppi ng to add
the further addi &b QAL 1R 13&) fo MPGR el iRE HShd &?&E%S@pﬁﬁﬁb%g]aﬁ&mg to

the locus an additional pixel that is adjacent to the at least one initial pixel and has a gray-scale
25  wvalue beyond a threshold that is set responsive to a gray-scale value of the at least one initial
pixel. |
Preferably, adding the additional pixel to the locus includes adding a first additional
pixel, and expanding the locus further includes:
continuing to add further additional pixels that are adjacent to the pixels in the locus

30  and have respective gray-scale values beyond the threshold; and



determ ned responsive to a dinmension of the object. Further pref e?&NOV 2004
processi ng t hewbaadse i ncl udes processing the expanded | opCBIL81D002I t O
match the locus to the object. 5 In a preferred. enbodi nent, the object

i ncl udes one or nore markings on an item according to which the itemis

to be sorted by atdpping itdaddsthe fiether atdliondd pixels vhB 06 8508k RAcKR 8 mABRIVER

i ncludes identifying the markjngs, a including sorting the item

responsi ve tget?rﬁ%‘ed?ea%‘?’?ﬁv? °éodlﬂ%s‘ﬁpﬁg‘g‘? Obfftbre is al so provided, in

accordance with auphefpestirasly, Qro2edingBR Feaire 1N1EdR pRIGRMG tht LichaBYRNS O

apparatus for findi nlg a predefined object in an image, iIncluding an 1 nage
processor  offdRHEs theloens te ths@bisct eat ure in the i mage having a feature width

t hat i i t hi : it 1 ' ] Aand. m nj
at is within arhangereRel Wasdikent, erﬁ]@glfjgdt Eﬁﬁd@&e%%@e%%@oﬁgﬂq}t%g‘

wi dth, the range being defined so that "a known str
bel ongi ng t oace¢rdinglyp adich fikg item igite ¢ sorteh by paniiog sytech, hut wheein ppreesaing e t 0

process the : - det. 1,0e er i.t.i,s a part. of the object, 15 .
Preferably, {eﬁg{eg%ggéregtl%gﬁi?%g}tﬂed@%h ’iarl}%éneduglg tsﬂr&)%g él}:ev’it%?é ,resﬁ%’ﬁ#’? ud to
capt ure t he idemifigemarkingaidi ng the object and to convey an electronic

representation of.,the i e tp the inmage ocessor. In a preferred

enbodi nent, the obf&dt a\g‘?%r%"g% %ﬁécodﬁmﬁ%}vg AelRPREs e dapent Pt B PreseRtor di ng
t 0 whi chia heinvengon, iagpatapustfer fxding achredafatdd tobject appaimage) snciuging da kg plogess@ad t he
mar ki ngs and_to_.sort esponsi ve theretQ. go There is additionally

he item .
orovi ded, 1 PPSRET SR A TR s GG i Y e pPesesyeen o
i nvention, predafiiddt Rixifeh tWiGth end h@AMEHh wih, Thi Religh Beifg REMRATHNRA ORiGEt 10
an imge, including a conputer-readabl e mediumin i.ch program
i nstruct i onsSURFeWEHhplaline fsloaging fosthe obigetifeliy é*{lth%ﬁwaﬂ@aanqogmaermmpmeetp,

cause the compistabie fetufelthdetBmliRAIHAIET it 1 2 HRE of HBGect NaVi Ng a feature width
that is within a ran%éey bet ween a predefined maxi mrum wi dth and 25 m ni num

wi dth, the rangePE&r#y. disrqrpeatus Belpdastan amieq sarivsdediee coufighied of capture the

bel ongi ng t Qmatld@cifBhEMe dbded It i ot he, urt se hhe
conputer to .gl?éocegs t%e febgétcu?né]\,\etoomlgbgt%rerlﬁrcﬁggﬁﬁeg?eﬁ%;caftﬁ% O?gﬁeaﬁ;n%gerﬁ) {cl)lfe t he
obj ect. The ipegesEpgessonviara prefarred ¢niboimentothe objedt ingludeschae st mok niariingstonen

toget her i Tt he iR nast b el kB e 38 35 PRE MO Heh 5% be oy "
2001 BRI EF DERSORsRT ONoCRheiHm BRAWNES#Pg. 1 is a schematic, pictorial
preforr o enbod; it Tof o sansP Bt B kiR WisRE GREHAL"Guolel e | oy
schemat i cal Ipyestitlinpspiioat esomputet safetark produdeit fifdiigrgpradefiod elgéct inan image,
including a computer-readable medium in which program instructions are stored, which
instructions, when read by a computer, cause the computer to find a feature in the image
having a feature width that is within a range between a predefined maximum width and
25  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 cause the computer to process the feature to
determine whether it is a part of the object.

The present invention will be more fully understood from the following detailed

description of the preferred embodiments thereof, taken together with the drawings in which:
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5 an image, in accordance with a preferred enbodi nent of tRETHAYeM8I
invention; Fig. 3is a flowchart that schematically illustrates 'a&TNQ:VdZUU[‘
e

for finding regions of irﬁm?ﬂeﬁ 4 i ful particularly int
context of the 031':. ct, identi |ca¥$%ﬂﬂ%¢wmw&si n accordance with
a preferred embodifelis aathemitiz, ﬁmﬁ&ﬂhs&aﬂvﬁéﬁdﬁﬁém%rq, &1 {8 Leproduction
of an i mage Wta"gfe%lrh@ Brblle sy?sftﬁmof Fig. 1,7in ieh r'eg aCCPfapge
interest have beén i dentrirsd dhspieseidnvationods of Figs. 2 and 3; Fig. 5 is
a plot of gray-scliie ivalloe chst thatfstHaghiiQm ; ' atjon taken along a
line thrg)ugglrﬁz@ge of e regions of it r.’ngs%r%gr(ﬁe Fta%’ g’f14€P@m$&q%bJe&txpl ot of
a differentia fct ICon et %“vﬂ BPrriEsed enthedinend pf the plegenviabvengion.of Fig. 5, in
accordance with Figriekearied erbast QB¢ resent invention; 15 Fig. 7
is a flowchgrt that. schemgtically i u%%lyra Bkl arr%’f"tr'iS‘ii??ff ndggiregiongrabwi ng,
useful  particurar Py ege upev pyHewady HbtheGdn@xmﬂtlambjebueaﬁihédtiﬁﬁﬁlktﬁéhdmg‘w of
Fig. 2, in azdoiderdae With B pRferd, odi ment of the present '
invention; and Fig. 8 is a’i ;Haaﬁbg?%lggtco ?Kgﬁreé?q’?‘é‘ﬁeqt‘ﬁ’&ge of stains
.gener at ed by appIFg&‘ A¢ & 1erodustibroofon ahage Bipysed 2 tR\Gstém P Fighe %mﬁm foFig 4
i N accor tancer ibrbd hive BESF Rk i eqnenb%di n‘#@/ﬁ f the present 20 Invefition.
DETAI LED DESCRI PE;! Ogl PREFERRELS R/@%P Ss~ﬁiag<5)3;1 is a schemati c,
pictorial illustFi&#dna oot of systealnale kOf ARRIESF HSQF fok | ccordance
with a prefafigsh &{g‘gpﬂgg}g%s %f. tt he. present i r?ventpi on. ﬁg‘ﬁéékg‘%ﬁ%%z? IilP\eavi ng a
| abel 24 thereog., (%S transp r”f%rﬁtlf@!‘%\‘*conveyor 26. A gray-scal e i mage of
the parcel is caPigubied ploy ofe AfferemiaEiimtidBderiNiEhal ARlY, a1 capgra, . or

e dere it P ettt W BTR b)  ne

al ternatively i or digital still canmera. T
camera is diag?o??a\zé’éegﬁglna rffd%%éa‘%%m%{‘tﬁ?@%ﬁsﬂﬁ@trim@@t,ionmhi ch applies the nethods

descri bdd her ei nBigl Diwatflowi dl@Bitaf ndrBel / ther features on parcel
22, Al terna%%rx{igllﬂé/ﬂ . %he gtr ocessor  may r'%géftgageqtaﬁéetgoﬁacgr H AP gl er
source, or P fay rHieioalextof thei disgtadintifiatiorametborbefFif b tin sdoNEce wihS

i denti fi ed mﬁmedieﬁbddmtaf%obr@seﬁtmdoﬁg%y by a sorter 32, which 30
routes the par CefL" agscor.di ngl$/, .6 WO 01 40 - 3 NOv 2004 PCT/1L01/00281
Processor 30 pr et & QBPy CEPHICesofan gugeeiatain geqeose Wopplying the nRiOG @mred
Wi th appr opigsatsd 96 1eahie bORS A [, net hods, of the present

i nventigp. This software %&y bl% ’éloa\%n‘%’l%)a‘g%fre]ﬁthtaopr%yﬁ)%edp‘?”g’(?@g%eﬁtrd&f’émsﬁlt
networ k" or ¥f8*natively, it may be supplied on tangible nedia, such as
CD-ROM for i nstal batta®Eh DESERIPIRAE EWS re may simlarly be 5
adapted for use _in other inmage procesélﬁ%mg Pﬁ%m%%%y t hus be
supplied to and F§ nisisat Iseematte, picheial dlosmatisrebs ai gystbin K PRNEYdel sorting, in

Al ter nat i veddtordidie witet, B%@e?re&i gﬁgd’dlnpe%gotj}ﬁerpenles@ntrlrr%}éntion. A parcel 22, having a label .

24 thereon, is transported by a conveyor 26. A gray-scale image of the parcel is captured by a

25 camera 28, preferably a line camera, or alternatively a video or digital still camera. The image

captured by the camera is digitized and passed to a processor 30, which applies the methods
described hereinbelow to identify label 24 and/or other features on parcel 22, Alternatively
the processor may receive the image from some other source, or it may retrieve the image from

a memory (not shown). The identified label is then read automatically by a sorter 32, which
30  routes the parcel accordingly,



be i npl enmented usi ng dedi cated hardware or a progranmabl e di gi tal'ﬁi N@V 2001‘.
processor, or ugi{r))g a conbi nation of dedicated. and/or prRe R €

el ement s and/ YO Wt are. The use of processor 30 in parcel sorting system
20 is described here by way of exanple, and not 10 limtation. Fig. 2 is a

flow chart that schematjcally .illustrate L ndi ngay ol ect in
an image, in aci’é?cﬁsé?fcé&ﬁ#%abb’ BPEFEY r%e engﬁg@d? %Igéné'zog%?tfe}t’ wgb%r esenfam

i nvention. TheropREt edtiviase toRaly bt Wleanidthodapfthé prafeheinventién. rifiineyfiwhie vy be such
as | abel 24 on parcel 22. Although for .the sak of, cl ari . od is
descri bed b&%ﬂﬁwi?dﬁo R RPYSAROE OYeD A MENATKR §F %{%Eiaﬁ‘éﬁlyeno z‘jyeeﬁct:”t"}%{prl\w({ Ergm@ge, 15
it may be exhendeshiA @-ROM IS ThiMhwsare theegtoeEsot, 0 Shichnwbiftngrenteyt similady bbj ect s
si mul taneously or in sequence. At a kernel findi E%? stglp 40, a]ieﬁmall subset
of the pikelsiaptad foresevectier imasa geocessias SPRIRHIORS 8nd May s be BipRlidHaand i o o
| mage feat urieg, fi th dheP ol Mhikdthfhnd. RIGHSHGC hRAGE: dhited AHGFmay NA! 1 S
chosen for thi's purpose é)pen s on the widths of the actual lines in the
obj ect that besmplem@@edeingdatichted Hawere9r % arogragymable disfyl JigRd PrRSPSSCT, grusigg
clustering step 42 .t | r eld o8 Sare USTHRCus@ Y

sui tabl e cl uastcgl}lﬁﬁdélorél%géﬂréﬁﬁg% nr?go\f\ﬁ r%\%%‘gga?l%n%%o%dganpl e, the image may
be divi ded imbeestdr36sin phtvel sunipesysteh eis riesesibednhasedy way| & aempleotdt®®d, and
t hose tiLes . havi ng a nunber of kernels above a given threshold are

i dentifi & a8"BEPBnging to regions of interest (RO1s), 25 Fig. 3 is a flow
chart that schenmd cad 4 Fov biacshat athesatiteltyailllstrates a fethadfor finding myobiscelp 40, in

accordance wth a preferred_ enbodi nent of th resent. i ti .

deci mati on SeRe sy accpdance gyt W&tg‘r%@)@g’iﬂ?ntdg& HEEEY 183&%‘{84?6%‘%2?1& dllg bot h
hori zont al aighgﬁcy,glﬁg, hyspRbabi tb BadihOtectststidhSas lqbelriraat parvgl 2. SAlthosgnfpt el sakenge
containing only the pixels hav%}gb Mc or di ng.{r@lsl gi.v D é’éjé’ in( eII)1 rgD%,
wher ei n n- anef daritsh erempthog éy descrippedepiiyeE @ ened 9 E5VBe° 8 ARER B8 hi s
stage i Sys 30 [BYGe LEAHEEH 2 Rifai LRtk inhiter foFindiRemoliplg objadts simbig@eonsly WWin
01/91040 PCT/ WA1/ 00281 3 NOV 2001 For the object that is being sought in

t he i mage, asepwange of stroke widths is defined, such that the lines that

make up the obj ecl; B ENRdnFRIF4R R Smill GBdeY of thé@kels ih eheltaw@ll Siage ke saatihs
within this range, The rangé is delimted by a maxinmu

) idth W, _and a
m ni mum wi dt e fnd pixelathas Leras imagerfogiuers haviagst P Wit 2 g e‘%"\‘nﬁg“’é‘?%yl"@c’&?gé
val ues P(X,y | %8sl SCIHERLRKS of Shel d0REGINGY i@ tiVcd]editha ds 0
det er m ne m%?ﬁé?ﬁogﬁefgf t)sﬁgtp???% ({eﬁ‘gld%‘jol Ihovm' n 0co,r?paosi tlg ﬁé)fgéjnilesi acgg]:gml? bt y) <

T AND {20 be found. These pixels are termed kernels. At a clustering step 42, t
into clusters, using any suitable clustering algorithm known in the art. For example, the image
may be divided into tiles. The number of kernels in each tile are counted, a_md those tiles
having a number of kernels above a given threshold are identiﬁed as belonging to regions of
interest (ROIs).

25 Fig. 3 is a flow chart that schematically illustrates details of kernel finding step 40, in
accordance with a preferred embodiment of the present invention. Ata decimation step 54, the
original image is decimated by a factor D in both horizontal and vertical directions, thus
generating a sub-sampled image containing only the pixels having (x,y) coordina‘Fes given by

(nD,mD), wherein n and m are integers, The number of pixels to be scanned at this stage is

30  thus reduced by D2 relative to the original image,



_ WO 01/91040 :

10-[P(x-W,y) -P(x,y)] >t AND [P(x+wl,y) - P(x,YV)] >t G024 &
P(x,Y)] >t AND [P(x,y+wW) - P(x,Y)] >t OR[P(x+dl,y+dl) - P(x,y):?A ON 200’
AND ['P(x-d1, Y- d1)For thPoljedt)that 3¢ bei Rxadl, Y-d1) -~ P(x,Y)] >t AND
[P(x-dl,Y+df§ - P ,y)]J >t In t°r‘1"§§8'9§a%“a %(‘6‘% % W%”%f’é’&’g‘i/md%@éﬁ defiRedashol d,
while t is Zebfietthiines hetmsiug et in themagehareliighly RIS hevHBRAMased on
t he charact e‘;ukh% %SanOf IE‘,B'e i mage and the object of interest. The paraneter
dl is equal to [PIBSTRES TR 4plinited Ty s mpgimum Width sty samdhatibienmt gk wo.
gray-scal e vgl L% i arker than the threshold T. The’

remai ni ng_ i n%qaggﬁxﬁuimte‘gﬁ%hgg%ﬁg e §6eg'elgﬁ“§'s?fieé’9'{-‘]‘§5c%(P‘€) efdhe pisglt in thealevimaind t he

pi xel (x,%) loag aewalpsedtosieatmindehetiepnsy aa@s\%ihslmo%g%oﬁ dfit &ufiio ! amet er w
centered on the pixel is greater than t. ile pixels %x,y?o aré-taken from
the decimated i mage, the points 25 on the circle may be taken fromthe
original, ndixPecTmated i mage. Pixels satisfying the above condition are
mar ked "ON' at s 56, indicating that they may lie on a line of width

| ess than the maX m stroke width w. At a mnimumw dth testing step 58,
the sane prdcedure is repeated for the pixels marked "ON at step 56, this
time using 8 WO 01/91040 ©~ PCT/1L01/0028~ N OV 2004 the m ni mum stroke

wi dt h WAO( an@Cawpnr-rRés pl rdiAND [rtaB) epxdd)>t Thus, in this step, pixels
that may lie on a line of width I ess thanthe m ni num stroke width are
marked "ON." At @R XOR step 60, the disjunction (exclusive OR) of the

pi xel s mark " ON' iz}ﬁ t]eps 56 and 58 is taken. The disjunction returns a
list of pixdf &C¥RRE 9 Pit ENEhP%. ) whGeB > dth i s bétween the 5 maxi mum
and mininmum stroke widths. The list is input to step 42 for the purpose of
finding the ROs. U S. Patent Application 09/310,287, which is assigned to
t he assi gnegpr@id prEsent dARRPAL ihon, and whose disclosure is

i ncor por at ed %erltta}ihﬁl)byzqr Zpertéga&%g?gﬁ)bgg&%ﬁﬁ algorithmsimlar to that
carriedldut at S®Rp 56 in Fig. 3. In that application, |lines whose width 10
is less than_a predeterm ned maxi mumare identified in an inmage for the
purpose of AT INGIN eRExY)bT k&N, [Pixnl1gtdidr Pooy)bat i nal |y binari ze the image
in preparation for perform ng optical character recognition. There is no
provi si on de in that application, however, for elimnating. |lines whose
width is below a smaller, mnimumw dth. Fig. 4 is a reproduction of an

i mge of paf %ﬁl 22 t(:aghrur ed in system 20, showing ROs 15 66 and 68 found
at step 42, hiASatvggances gierteve tspsheld whilet isnisorttastshtesiold, bbtk opwiisiest

20  determined based on the characteristics of the image and the object of interest. The parameter

djis equal to wy/ V2. The inequality P(x,y) < T tests whether the gray-scale value of the pixel
is darker than the threshold T. The remaining inequalities test whether the gray-scale contrast
between the pixel (x,y) and two points at the opposite sides of a circle of diameter wj centered

on the pixel is greater than t. While pixels (x,y) are taken from the decimated image, the points

25 onthe circle may be taken from the original, non-decimated image.

Pixels satisfying the above condition are marked “ON"" at step 56, indicating that they
may lie on a line of width less than the maximum stroke width wi1. At a minimum width testing

step 58, the same procedure is repeated for the pixels marked “ON” at step 56, this time using



invention. In this exanple, the object being soug'ht in the imge L m 20
triangul ar posiywaloisiossccker 64, which is contained in RO GQCT/f[hﬁoo@ M Olf

and i nimumw dths used in step 40 are defined based on the width of the
bl ack borderlines that formthe sides of the triangle The other ROs 68

found at th| sta 0 t ai i nes V\:h ewd t he, order ,of the
20 borderl i n & o g?ls{[@é @ﬁx h@f%?ﬁ?fﬁﬁpw ngarlg?tar &23 qﬁ’fs éf’%ﬁi"?'alg’teﬁspeak
extraction s Eiﬁl'gi'n" r apped 4 Iong a
set of sel ec%hglgmécgné ?H&&@é@?ﬁ?tt{éﬁ#ﬂ&g @We%w% r%ngaél?lﬁ Fﬁllﬁesa[1

hori zont al , ¥ORtstepd0, the ddjuagmnédxplumd@b)nghhe@b&lsngﬂrl@dém msm Joeand BROis may
be sufficie i referable 0 .e can Jl.j ne

order to ki dngaipRiish B £l St daltid i PRESE HFG Wit Besleh v

ori ent at i Hnsmaxitus pacinfgrube stvare widthe e ib inpR o step 42 €hahe purpas eflfi@ihgt he
size and sha&eRg) t he obj ect being sought. In any case, the scan lines

i ncl ude onl y*"8 Il fraction of all of the pixels inthe RO, Fig. 5is a

pl ot of gray-scales paxat Ayglcus dof1),2ed %@h@ﬁ&s@iﬁedttbﬁth&é‘s@@nde'df% Rassl ng
through RO 66. In this figure apd in t he dESCI‘IBtIOI’I that fol | ows, the

gray-scal e v%at%%l%wnaepdr whese disglosuse, is Wearposged erpin dyeisfesengy, Aeseribeiraa 0
represents V\ﬁlv\%dr%m Jma:n@aiﬁtscamdton@at@{e?tse ﬁmg 8sS PG &pghe‘ah&p s %eser v’a&aﬁh

vari ati ons, ich are encountered er alia, inthe areas in 9

01/ 910401‘13071;s esoroomedeiaminei/maxingg amd@hﬁqdhrearsmzp for the P@@@@s@@l@rﬁdeﬁf t he
dark borderl {1:%3 Ofradr b 1 i & WI dt hs
and magnl tu és o%n trhese@%g%lh(z%mgzl&?l qﬁ)a% %Jr%%ogl %rnﬁegfgn?}%&gﬁ ]?CH%T

d(x) f (x) recqpitip). Thedady 8 mrovisios nde fin thhbanakqaemt, ddweer,olee elimnigkting. dmest he
Iinelnthe s a plot of the difference
function d(x dg%d\t}ggb{lg"&%ﬁm mmm?m\‘/quﬁes f(x) in Fig. 5. A contrast
peak (CP) |n t he Figragen nemodl&immﬁthnbmagehépap@eab@med mfsysient 00) Rh@tingR OTs

ositi ve aks such 83 nd 76. .To uaI i f
POt 1ok, RO iiSa PSS 4ol hothuun s ShelR PEEER, fobolient & il R bl
respective, 1mfeﬁﬁ|@{ dhmmmeﬁrrtph[&ﬁhﬁjed%,emg@dlghm thél&llagd’ﬁtaltﬂmmgbl@rt pmeﬁnsﬁcla@ peaks

must be withi r edet nmum and ni, mum vm for the
lines in theé4o Et‘sp g”bnhaf %? %EB’&W?‘&H‘EHW%‘H% § }5553%5t9p45‘gﬁr6 76
can repres ed’daﬁndﬂll‘tﬁseﬁ]%,n tanehique akise BRclabdlddlhes Giat foﬁﬁrtleesﬁctbts ofi et thgiple. bIHe peaks

82 and 84 are, t f art _to represent nd are ther fore dj scar ded.
75 With r equtier BIE RE S Tt SR AL ROMAS Trs WHGe GREGb a8 T atoon i 76

and 78 azte voededllneydistickeeaker than peaks 74 and 80. Peaks 76 and 78
represent transitions betvve the borderlines of the triangle in sticker
64 and the dark @}F%zyv%rw P dertiercanist RERY PrTactaR SR 444 the g vFalEugt i

char act er i zedcIRO! 08Ean6@NLI6SE set BALIRE stah ARG Jab@ipSthReEWERRAINE he scan

borderlines and
lines may be horizontal, vertical or diagonal. Although a single scan line per ROI may be

sufficient, it is preferable to use two or three scan lines per ROI in order to make the search

25  more robust. Most preferably, the relative orientations and spacing between the scan lines are

chosen based on the size and shape of the object being sought. In any case, the scan lines
include only a small fraction of all of the pixels in the ROL

Fig. 5 is a plot of gray-scale pixel values f{x) along one of the scan lines passing

through ROI 66. In 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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the light gray area outside the triangle, represented by p%%%‘l”ér&i@v 200
In order to deal with 20 this difference, the threshold applied to i
‘peaks 76 andwlich ihs spindihe ek¥ey ofloft ; : .the_thyeshol d for
outer peaks 74, and 8Q,. The cor_ltrast{’?‘3 %%?%@{r%*?é{@&é{%%f%gs@dk%‘fr%]%é%e
threshol ds, AMPES thevidthyand magnituesiof tepledgalirencanaton d() isiefifg ag Ought |
wll pertain regardless of the orientation of the object in the inage, and
regardl ess of whether the scan line 1is analyzed fromleft to right or
right to left. AfK)Elx) hfkLieets the contrast and peak 25 separation
criteria 4s marked at step 44 as a candidate CP. The position of the CP is
mar ked as the pixel at the center of the doublet of corresponding positive
and negat i vewlpeskk is Wﬂmexpidbﬂﬁr&@ﬁldtﬂlﬂ‘t@l@@iﬂ@eob?ecfl?eﬂjgﬁ&éh? conmput ed for
each of the CPs Eou d apg stfer&HM. The radius is defined as the distance
fromthe CP to the RESREY P giferpncefigciion dix) dgsivedstiom she|pixef vtues fik)sn Pigr pose
is defined as dbentnbissk (QPRYtSGRALES i SGHE tyShd 4 but e, pi xel
at the 30 center of .the i%PZEggmr% t han aygl#éedgg%}éa?lrane %%?Fﬂ%tg gsllt?(? aereas

in step 44, EEHVF RS ek fpeads dhpad B oFryquelify as o 3P, Ithenmmlitudes oftthp 46 it
i's measurceed gokitivd kndi i .10 1/.91040 /,"1/00281 3
pokitiad bnddné@flel PRARs AR %eécpﬁes%gtfvﬁsé pyé?etgmune]pdi Qﬁéeisfo?rd&, taﬂé thesor est

NOV 201 center pixel, 1f the distance fro centeér
white pixel SPRprasiop hetiveqnakespeaksapnst kerwigirethe preddtdrained hexipteded inneehd Wikt s of

the wi dth range forl He K%L SRR N i S.di scarded. . Only CPs npeting the
radius criterion are paslsg% %g’!a s%sg‘l?r?n Y PRI %r{tgf?%%%/ak%\?f\ﬂ‘ﬂ ¢heihese
CPs under go Temiesexpanr.ond pgpéss 3 andi$0ican epdent dnothere BEPpsiks 82 tand EORIGRL S 1 N

the RO's. 5,Fi LS art. that hematically illustrates details
of stain foragat |°orr_1prstnet%éfggwla%%egg%%gﬁ‘éaﬁ%g with a preferred enbodi ment of
the presént i nveWithoegard-tr the aniplitnfle tinehdET S, is abervedfthithealPx hung ajen t he

ROT is chos rye..as a.seed xpapsion_into a stajn, in a seed

sel ection st? g%kgléix%ﬁke%hﬁ? P %gl"ﬁl%g(%oﬁ B&f ggé‘ids@ TeRGEBhtrapsttions; hetwnsp the,  whi ch
i s applied ibordediedsestthneiand mhstiokdiew dail X Gark Brah Reea ReddeShO Wl 0e Bdded to a
list of pi xg—gl s.tbel ongi ng. t.o é)h 10 stain, as described below. ~Preferably,
the threshold™ éon%ﬁSE}éaFé%f?ﬁéﬁg Y SVeF pntrgit ipn e drapsitipap bawesm the beedeglmegiandf or

exanpl e, as i@ lighiot @erounes the @elgleofbpRbented 8y PRHA7HRAK0S §RbRLMB! 48 Wiher ei n

bl ack :02553i fre 2 a}l_]f nction of the contrast in the i mage between the

seed and’ne %‘8 PeRd “o‘gﬁﬂmldpﬁpkléﬂdéﬁ’ npgy peaks 46 prdrvi®s prefersbly sobselgwentalst ai n

expansi on stiapsheakieshold@at ®ekr hodks 09 Bid FSITHRRGKAL chitb oM bPihbans that

may occur ig}réjs'hgferent partsrfpofsthe imaggeb, fI\/t%stt cp%ftg?gﬁlee},ﬁw%éga%%%sg 15 are
pisthg

mitiple CP Iy evhigtyTace thagedpen Giekmeyle hebissh being tspieght, ywill opepteint he
seed. The r edgaidievsr¥he driehtloRlofHB @bt i WAk ikl lanPRGHOS SR ' kght CP
wi |l also pick up the darker CPs .iJn t he ﬁg‘v{‘ ’ a’?hag E‘e%onai]?t eéttlgélasr%rEwpig{tcai n. To
begi n expan¥iGAVEH foeledtiginght ar fehitrie deft. i 4ny &Pt thet| imgeed the croptersh endk peak he
first pbxel sepiratidieritdib BtmaHed Ri &) H as B cddQaS CBI Fhe boski 8 tself
(at this point the only pixel o%' t hae Icinst a At ae bozsolmr’u_ao? gﬁgg(r?s %ﬁg%kﬁsng step
92, all of MREXREH gRIEBIY obthe fiwbleppﬁ@@neaph@)engipgs@@rap@mglatyveimms.c ated by the
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



pointer are exam ned, For each of the neighbors, it is first deter nlBE&
whet her this nw(gﬁ)gmo has al ready been considered for incpgfiigeeobd? oV 201
stain, at a pixel checking step 94. If not, the gray-scale value of the

nei ghbor is checked, at a gray-scale checki ng step 96, to determ ne

whet her it i &nﬁk@ﬁ)ﬁ(@lr I e distah@ oM @8 Géﬁtéﬂ Q@Ittﬁrtl'ig 35t 3hnit® P&Q I?chelj ibss the

pi xel is added to the 25 list of pixels |n the stain, addition
step 98. At & HeMghihey the predefings limits ofithe médsh 1amge, thet corne@onldmgaCPmmdmbath her

T are, Ak ik RkallRh ORBAL Sublon! RENaRE®h | QB EREGKAG 4L B Wl B0 LN

next nei ghbor s selected, at a next e bor S
101 are repe&Peendaigpion expaision@perstiva umemdg‘rtbmcsnsbﬁcttﬂe@bpctxmlthfﬁmrsent |y

i ndi cat ed. by the {poi-nt e ve en exa e, nei ghbors of
the current pi xelﬁ a7\r}£e B‘Eahaétx(g% %‘éﬁ'atl ‘&SHW%%F“I% tftalﬁformgt@“ﬁfeﬁé s n the
stain is i nsmmtdacbeamtha plrdfetedcehxead(mérg osthe}pre&&hﬂmvénﬂoxdchﬁreG&hrUTtWI@@ﬂa%net here
are any furt tﬁ E f cf 3{11 ﬁ@ﬁ 'iSt whose ne| %rrs have not heen checked.
It there arefilit PA&FOIRT pdheREhis SV\U"O?V"@%%F?’ FFRangRY ig9fesiain inexeed 20
the list, theletor gt 96 Z@c&ftra&thﬂire‘iﬁc@d B il EdeEKR thidtport, Skiish i}%gﬁeﬁnh ng
step 104, in,order to sure that the stain has not already exceeded a

pr edet er mi nelFrEmYE hichiot er T‘I’fFlé ) 1RO jskoulsh Reeadd %’yto % lisb okspineds bstonging toothp ect

bei ng sought stiif o REscisEBBlow T PEFTAE, %e%aﬁaeﬁhp&obe% bﬁﬁﬁ%ﬂﬁ:@%}-sbﬂe i ofi ze of
the stain exceeds the size iimt, in order to avoid wast| processing time

on a stain tﬁéﬁeeéﬁh@@mﬁec%rﬂrpé@p@ﬁ@ﬂqd&apw oS ithecsed. grﬂsschbwgiua@vltmg bicke
i ti's ot exhepded R fle cohlisy mm}n%% seavegmﬁs@éa%a g%ﬁh' L e !
and the

pi xel on the Iist, at a next pixel step 10 rece eps are
repeat ed. WHE¥els Injthis frounsd the Sllbseapenlﬁzntehmswmﬁeg@ram:wstedhﬁcs cbﬂalsthiﬁld/ofr he

bottom of t r ar.e ecked, at a
CP checki ngl’bgtglrl {ng%dgﬁaﬁxnﬂ nr&lcﬁlg mcq)@er\el\ﬂé)%leﬂ m% lraoét{fﬁ%fer ’t‘fﬁg‘?’ﬁ?t hat
wer e not 15 ndreideldipierCPs hretheRDQ,tthmlgxglhies;ttCP ik f:hasen, mmmy tmbe theass. Qs rdlgiveliosen

?fs a new squﬁitﬁgshﬁfd t\9~gl ose nﬁ t%POWlﬁcfsslﬁk P}hée tagﬂ’s ianc%ee IKSE ably,

mul tiple eren s are sough
si nul taneoughgtbelpt@the’:mnetstaat may correspond to the |argest of the objects

are expanded fir have. a | ar. ize te 104,
and the resul tantﬁlo begth 8"pa?sécin °§¥¥f?a§§f‘qsﬁlgglﬁ%mérw&$?°8§°g?’ﬁtltﬁéhet’%ﬁ ®he 15
geger at ed Eylseummhl mgxe&%n li)eltoemedeeti@tsélﬂxw’t@ﬁ@@ﬂdthb(blr@fﬁﬁdeltﬁfth@htt)i‘chﬁa t hus
reduci ng. t fa ocesm uir to complete the RO 8 1is
a repr qu dtfct i ‘?ﬁr cge éfre?%?’rrg‘g‘gj tge ?éé[%g?fﬁg REFL Tg@ds PRreaBpIgirsie @i@ﬁs 44,
46 and 48h(ﬂ6hger a2y exa@inRRO Eorﬁﬁch%fdh@ﬁelghd&@tﬂ f ifigd détarniidee v&h@ﬂ&ﬁh@%ﬁh‘tﬁr 4, To
generate these stains ntr eaks n the s, at step
44 using sci‘ﬁ‘s Flfeﬁgége%é%pé‘gerﬁg/ Aqusiop n 'ﬁeft@‘ﬁt“?@”‘@f %F“rkimérféqpeg%lf nokHae dar k
bor der | i nes gofy-dchie viiné antk eie@mfbr@ &tley, dt degdyi-dohle dhdcking btello @Mﬂb&:&hﬁﬂﬂﬂé ngcI ]
e lines ose wi dt

s s Lar CUPRRE FGRroE S PR Bra e ek 20 offgodhe prg it Bete
25  list of pixels in the stain, at a pixel addition step 98. At a neighborhood completion step 100, it
is determined whether there are any further neighbors of the seed to be checked, and if so, the
next neighbor is selected, at a next neighbor step 101. Steps 94 through 101 are repeated until
all of the neighbors of the pixel currently indicated by the pointer have been examined.
When all of the neighbors of the current pixel have been examined, the current list of

30  pixels in the stain is inspected at a list checking step 102, to determine whether there are any

further pixels on the list whose neighbors have not been checked. If there are further pixels on

11
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Finally, at an object recognition step 50, shown in Fig. 2, T g‘fzﬁ‘l-rﬁ(mov 20[

i mages are an%ézed to identify the object of interest and its positY i'n

the overal | ithelst theamem sise b theRain BThdcE | sfzb f3ni et P . 25 8re known

inthe art, ma%tﬁ)aﬁ applied at this step,gd)tgsrais%méfu?dﬁgg eﬂ@%ﬂh&fﬁv% %

i mages al one °8 éhecs%f“r]@% Pofridrpady exneeded o paddetermmifiedrsiva timitn Thik Hnhieis Slvbdhyal

i mge. The opdsA8RFthe H6IEE Be; rda.f:om atwthi s stage depends on the

speci fic characteri stimgs Q?lﬂisﬁgéhg%bt})ete@%eaﬁr ei“&‘“t?%ﬁﬂ“ﬁﬁ?“@é%@%ﬁm?ﬁ%

present i nverts e expqedshe pizedunitainmadee it avold oveettg proc R i n atsiaiﬁechs[t%ﬁﬁ{l)t{)ed to
)

carry out st hicgrab&farth by, | suhbstantially reduced, and the re ility
of 30 obj ect _iréelroui fi c% #ﬁl'?&ﬁg a‘ﬁ?ﬁeaflf H R0t S¥peeded) haveye, the neiatendsds of

i mage proces$KrgeRtAblthe next pine oarlte list) atbhidkb pikél SteP DDE Ghd Elﬁ%&%ﬁi@ s are
al gorithm rrug;fe.ggd applied over the entire inmage. 12 WO 01/9104
PCT/ 1 L01/ 00281" 3 NOV 2004 Although the preferred enbodi nent described

above rel ates. toWpmdtadsindgt sibp 202 @htaYe ?x%@és?hisr@&ﬁedoﬁle Boktéth E)faihg L yg'g'bei t

wi Il be undef; qonl sa.t ﬂ\t}&ge lp“ﬁﬁi pl es of the 8resenjt i nventi on

adapted in a strarghttoriaftHaRiE are Geked ot #sCP ehesing otepsliBs tadétimiidey any
type, i ndDudimhgha ehepe are biP@aBem fhht Whrb hottiUs] Soi ated.t hat t '
preferred en@gﬁi rae?lnts 5 described ADOVE lareeglﬁittgg%%&%gf}' s%)?ﬁﬁﬁrfg?seand
e

that the pr 7R AT £ GRY iSeedndtstepi 99 ertithe entirapateedids rdpesed. pRreteraly] & | Y
shown and desabpbestihar ehBAPEY G o 40S,Sg0Re of the present

i nvention incl ugles bot h conb natmin' né&g{\g éhﬁg%%%ﬁ&“%%??egﬂ y’oche Hi)é thes Magus
features destHieBRoad toiBe Brasainsths, objests weel ekpandedvieti Athbsa TP s @Al havedi lhrp&atkons

t hereof whi ciivgu ns killed in the art uypon reading the
f or egoi ng@desc_ri p%t%oﬁ%d w%ircﬁft%?éa’%eogmﬁﬁ SAREENE ﬁ“a@ﬁfe“al&%thﬁfr vewld ket . 13

- 3 NOV 200, senerpiad Rasespending, CPs Odlie@@I28 torr&Sp & tONEMaIRO8 e cls, thus AdRELNA QT
|

finding a prﬁg&géi@gﬁ’e%‘iuﬁ%{‘e’icp’f’ﬂéeiﬂ’g@gﬁb conprising: 2 selecting a |Ine

bel onging to the ect’, a known stroke width; 3 defining
a maxi mum wi dt h igd8 & ameprodnstion/ ot thnatyhisegd ek QEncRdd IyinB Qs 447 481
wi dt hs t her eﬁggwg zﬂ}aﬁoﬁ%@tag% ﬁg thiﬁ' troke w gt h; 5 q}ﬁﬁg?ﬁg aﬁsf eature in
the i mage having a> FestuPe o3 ietfipchin theempggRidig. 4ndo Bngynto thessitaigy, t he
9 g at i . ST, L N
feature to deneshpeals wiefiseburidtn ihs ROIREED usidg%ca(abih%%fmez by Bd Rhidh] Ndi g
the feataye . ' e, Conpri es:tﬁfindingafi‘rst‘ ocus” of pixels in
the i mag%U beqf grlg]aglglg gh?g’g%%aék gq?rdq{)g}e%o% & Hpgle 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. It 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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9 of the image having a width | ess than the maxi rumw dth; 10 findd rrém 2004
second | ocus ofw@onves in the i mage bel onging to one or errpQ:mﬂ,(ill/o@jggg ¥

of the image having a width [ess than the m ninumw dth; and 12 tatting a

di sjunction of the first and second loci 1 2. A nethod according to claim

1, wherein findin§lthdngh fthe ptefdred usnbodimenti deeribe? dbovedirelges tPipiRbssgVifng a

gray-scale yalue that differs.by at.|east a, predetermned, 3 contrast

Phr ashotd 11 B ORES Giegb ob acie e Yirfei "B B Lo b o i resent
therefrom 4idvb@ioningy &€ dédptdddn & ReaipsorwarImshit bo prbeeds infheBREMACkARARPA} NY tO
claiml1, wherein finding the feature in the inn conpri ses ‘sub-sanpling

[ e 2
the inmage betBeeteRdies fejoF Hegetocft, Wil dhenbe aRﬂ‘ﬁ“iP?eé_@ﬁbt@@tpfﬁffedldmboém@iﬂs t he
i xel s i N5t NQedARGGAEARILY Ho§ 4t Eplc1Ea U U fobrchdlfiveh@Gi is ndr ifirefydTet N0
according to claim1, wherein fihding the feature in the I nage conpri ses
identifying #haihasbeen pesticultly showrednd deseribddehensingbayac Ratber, the stdpe of the eteseand
eeeond 3 | ogj J .ntere I o I. C Lon i
candi dat e t o Sonea B 0, BmliliBheil ok iy AP v VORI E8LCared.
wher ei n t he bpiatiove gapvell se yadrtiensoendrmodificatfonssirekdofi gdiich nwanld bdcamnio pegseay di ng

to which the . [ .t e a.sorti.ng syst 3 an erei
processing t ﬂ%ﬁe? g]z]itt%r %Pu oﬁpr?ig)dé&éstg? g%?ﬁol"%y M} pg%e%ﬁa%hnagrg Foh‘ﬂﬁm?gr i the
conpri si A§ spridriang the itemresponsive to the identified markings. 14 AVMEM
AHFFT 3 NOV 2004 41774 8 NMh O8 NOV P0021 1 6. A nethod for finding a
predefined object in an image, conprising: 2 selecting a he belonging to
the object, the he having a known stroke width; 3 defining a maxi mumw dth
and-a mninumw dth that together define a range 4 of w dths therebetween
that contains the stroke width; S findin f a o processing the feature to
determ ne whether it is a part of the object, 7 wherein finding. the
feature in the inmage conprises: 8 identifying a region of interest in the

i mge, which is a candidate to contain 9 the object;

13



10 el'ecting a scan |ine passing through the region of interest; aﬁﬂ3ﬂﬂ0\/200'
eval uating gray-scal e val ues of pixels disposed along the scan line so as

to fimd 12 a pair of contrast transitions that are separated from one

anbt her by ‘a distance that is 13 within the range. 1 7. A nmethod according
to claim6, wherein selecting the scan line conprises 2 selecting a
plurality of scan |lines, having a spacing therebetween determned 3
responsive to it dinmension of the object. 1 S. A nethod according to claim

6, wherein eval uati’hg the gray-scale values 2 conpri sp@TgLngilngot@g 81

contrast transitions such that a difference between t E@)f@{'m
gray-scal e values of a selected pair of the pixels on a nesone on

4 either side of any given one of the transitions, exceeds a predeterm ned
threshold. 1 9. A nethod according tclAIMEm 8, wherein the pair of the

pi xel s are separated 2 fromone another by it distance that |Is selected as
it function of! t e stAmtred fai fiding a pkedefined ohjertint s dukg& comrprisiighg t o cl ai m 6,
wherein the obj ect CoNRiidgs B bOIBETS ko thERb 6t 4 liEHaKdpRGRowad Bk BiwieheM accor di ng

to which the ifemis a sartin nd whereln
processi ng thestfeat urdgef%é’ggmmg‘é%‘gwtgé% |"f'§}m%w@ﬂ§xﬁé§{} @

conprising sor4i ﬁ{;w’t“h’éhﬁf*W@mﬁWV‘eWP@‘tlm i dentifi ed mar k| ngs 111. A
met hod for findi ng afidigddhurathdabhgGiving Bfetite WidhGahin GORRNej8d Ng: 2 sel ecting

a line belongigng 10 thgsah Ju@%tmtmql.amhmm,pgpaao&mwct,stroke wi dth; g

Wt ur e mthel ge havin re w wi thin the range; and 15 Al icn
cu, ', -.,. - n? 200”51 %&%E‘ﬁt#ﬂ’ttﬁi’fdb’fﬁmwg“w 2004 3 defining.a

maxi mum wi dth Sand a rmndisrmfint isbud pfpitehdrt the mege bHaeinglepicre mareiclamegs 4 of wi dt hs
t her ebet ween trhatormam@imgabﬂm&&f@iﬁ%e%ﬂmuwﬁmfi nding a feature in the

| mage having g f eal Uiyl SLDLAIY 1 o f a]ng;%@mgugmpgng jgng_the

feature to determ ne ereln
processing thé' féﬁ?‘f?f‘éf%ﬁﬁelh%"é@’w!?“‘f‘?‘h‘ﬂﬂ"ﬂﬁ"‘é{“'l‘“ﬁb‘ﬂ%‘ ‘3 at 1 east one initial
pi xel belongi g to tmmie‘aﬁwt@nofahvdim@dmahdl ng the | ocus to reconstruct

the line in the gbject 1.12. A netho corﬁ‘(g amll wherein
ocu

expandi ng the Todus CoRplSEens g4m iy °°°’a°8'aﬂ| onal pi xel

that is adj ace2nt finging; heixeh having Aprayepls ‘ﬁﬁﬁ? fhatcgiffepyj by sf least @ prodetermined
contrast threshold from the gray-scale values of other pixels at a distance therefrom

4 that is equal to the maximum width,

1 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. '

4, A method according to claim 1, wherein finding the feature in the image
comprises identifying a cluster of the pixeld in the disjunction of the first and second

loci as & region of interest in the image, which region is a candidate to contain the

P S VU

object.

5. A method according to claim 1, wherein the object comprises one or more
markings on an item, according (o which the jtem is to be sorted by a sorting system,
and wherein processing the feature comprises identifying the markings, and

SO N

comprising sorting the item responsive to the identified markings.
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3.and has a gray-scal e value beyond a threshold that is sot responsive to a
gray-scale 4 value of the at least one initial pixel. 1.13. A met_hgﬂ ;
accor'ding to claim 12, wherein adding the additional pixel to the O%ZQ%
conprises adding a first additional pixel, and wherein expanding the |ocus
3 further conprises: 4 continuing to add further additional pixels that are
adj acent to the pixels in the 5 |locus and have respective gray-scale
val ues beyond the threshold; and 6 stopping to add the further additional
pi xel s when the Y3ts reaches a 7 maxi num si ze det%@ 1 €<hBi2s8vie to a
di mensi on of the object. 1 14. A method according t nf 8 NOWBgg2ei n
processing the feature conprises 2 processing the expanded | ocus so as to
match the |l ocus to the object. 1 15. A method according to claim 11,
wherein the obj eét cémpﬁb@wnmmp&uemrogﬁgmag Qggm%n, an item according
to which the i2temi Sscie&in??ﬁé@&&,gﬂ x,eab-s%tling S%St m =~ 3 and wherein
processing thq featurc%mgor%&j se Lf enfﬂﬂ‘/ hilpe EHYEE pliown fiegke widthid 4
conpri sing sorting the 1t e PEESMsIed e minmumpnidt de mgetier edinaaadgt ngs. 1 16.
Appar at us for 4 i fdfidiy tharchspwsendhat weteininseskt wigh; an | mage, conprisi ng an i mage
2 processor opgerati Vendinga finisline f e in the inage having a feature width
that is wthi 3 a l;f@ggiﬁstgeeft \@u%eig“fgé%f@s&é?‘{“ﬁé%‘% A% 80 and ni ni mum
wi dth, the ragge being fef | hed LBripeidrtheitisnawel be plidee wi dth of a he
bel ongi ng to the obj ¥Ewinfiadinedhe fatutsiinghiinee cdmprimnge, and further operative to
process the f&ature fotffes erabme et hek idase, Whicis B2LliaR] 10 Oul N Obj ect, 10
| ai n RHFFT - 3 Na\brE04 41774 PCT/1L01/0 0 2 8 1, VUS 08 2002. 7
wherein the ijgage pr sor js arranged to find the feature by finding a
first 8 Iocua of p?ﬁbgeﬁtg‘??ﬁﬁlﬁépm&é’“ﬁ\éﬁwdwFﬁ@ntffvt:m\ie or more el ements of
the i mage havlng a FMping®y-peals veluedrd pixelduispavabeiong 188 sainGihdso of b B N @ second
| ocus of” pi xé? s aipair ofvenvksrBaySitiond Bat BRI QRULND L D HOK (B%adi L e ¢§| ements of the
i mge havi ngia \Mid,-tlb,elmgﬁi‘s t han t he 1 m ni mum w dt > and: PaK ng a
di sjunction of the first and second loci. 1 17. Apparatus according to
claim 16, and' canpr iAshaigd aeornditi Beolh@ Bl Wofin AAMkELhe sca fRNLLGuLed to capture
the i mage i ncd udieangt hewhy %@tscaﬂriﬁm'f %vﬁgnav%xcianm%b%&t roni c | 3
representation %W‘lﬁ@nja&ﬁn%%iénof%hgj | mage processor. I‘“lé’.""“ﬂ%arat us
according to claim17, erel H&°Gbj ect conprises one or nore 2 markings
on an item accer di Agmétod Wkl tohdih s Thded HRullfy ROLhEue AL, Wher ei n the

2 comprises finding the contrast transitions such that & difference between the

3 respective gray-scale values of a sclected pair of the pixels on the scan line, one on

4  cither side of any given one of the transitions, exceeds a predetermined threshold.

9. A method according to claim 8, whercin the pair of the pixels are separated

~ -

from one another by 1 distancs that 1s selected as a function of the steoke width.
1 10 A method according to claim 6, wherein the object comprises one ar more
2 markings on an item, according to which the item is to be sorted by a sorting system,
3 and wherein processing the feature compriscs identifying the markings, and
4

comprising sorting the item responsive to the identified markings.

1. Amethod for finding & predefined object in an image, comprising:
sclecting a line belonging to the object, the line having a known stroke width;

»
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3 apparatus is adapted to read the markings and to sort the item igﬁ@g ive
thereto. 1 19. A conputer software product for finding a predefin @
in an imge,” 2 conprising a conputer-readabl e nmediumin which program
instructions are stored, 3 which instructions, when read by a conputer,
cause the conputer to find a feature in 4 the inmage having a feature width

that ii wthin a range between a predefined 5 nmaxi num w dth and m ni num
wi dt h, the range being defined so that a known stroke 6 w dth of aline
bel onging to thedignwj ect falls within the range, a tbef/

conputer to process the feature to determ ne V\/net ?)a% f the
obj ect, 8 wherein the instructions cause the corrput Mature

by fi ndi ng a ,9 Erst },ocus of pixels in the image bel ongi ng to one or nore
el ements of the i mag&™ ™80 "HHTITYidd s civinmbe ity thraresetivedeiea ngen wi dt h,
finding a sechn@fiidbemerebfovern shed contiin tic ke Widini MBge bel onging to one or nore
el ements of the i magrdifaMiaties i 12 mni.mumw dth, and
taking a disjyncti Ogmglg:; hl':fea{}]lns'[d %&J,r&ﬁe&%@f" \nt%mihe%s ﬂﬂpar atus for
finding a pr e_?efl ne & & °1°leé' ethopitis p pactiohige ebires mage 2 processor
operative to find a ‘é’%tﬂf?‘é“‘i“h‘hfﬁﬁwmgweshaw ng a feature width that is
within 3 a range befmmenocaopxt&ekemcmmmmwngwtﬂttr&n@en& mni mum w dth, the

range being ¢ defi Rghhds ?mgnggtoq“kgmhatroﬁe WM dt of a line belonging to
the object falls within range, PO e operative to process the

feature to det er'®i né mhkst Rewording 1d gai PARKeredf explidibd@e MoksSluprieds’ MLCLNCn of
~. . - 3 NOV 2004du} T7ie thiugh Mwna'paemﬁa BP0 e QEESARL il AT AN0Ed 10 N

thefeature |,,q,q;;; 0, |nterest I'n , which is a
candi dat e tobic/ont ai nl %.}{,IJQ Pmnq {é}%g‘?"h&“é’ BB S e d AV egr ay- scal e

val ues of scah &' %%Ef‘h?j%"ﬁ'ﬁ'dt}g'h the region of interest, itions that are

foontrast transsl A dbefd k8t RASE W aREHul e Skl 15,50 2 1o Tind @

pa 10t he range.
locus compnses adding a first additional pixel, and wherein expanding the locus

3 - further comprises;

4 continuing to add further additional pixels that are adjacent to the pixels in the
5 locus and have respective gray-scale values beyond the threshold; and

6 stopping to add the further additional pixels when the locus reaches a
7 maximum size determined responsive to & dimension of the object.

—

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

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

I 15 A method according to claim 11, wherein the object comprises one or more
2 markings on an item, according to which the item is Eo be sorted by a sorting system,
3 and wherein processing the feature comprises identifying the markings, and
4 comprising sorting the item responsive to the identified markings.

1 16, Apparatus for finding a predefined object in an image, comprising an image
2 processor operative to find a feature in the image having a feature width that is within
3 arange between s predefined maximum width and minimum width, the range being
4  defined so that a known stroke width of a line belonging to the object falls within the
5 range, and further operative to process the feature to determine whether it is g pant of
6  the object,

16
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n,1 |t separated fromone another by a distance that is w 21. Appgmngyugoif or

finding a p redefined object..i.n an i nmage.
that is within f ea 2processor operative to find a feature in the inage

having-a the range B width , 3a range between a predefined maxi num w dth

conprising an image lture width

and m aitnumbject falls within the defined so that a (nown stroke w dth
of a line belonging to the o 4ther it is a part of h 5e range, and further

operative to process the feature to determ ne w the object,

finding a 6e b

f t y ea 7ur whergj,p the image processor is arr angﬁb ppqupgq] hﬁ din the
| ocus to nd expanding 8l ocus of at |east one initi el ‘be g. é .to the
feature, a reconstruct the line in the object. 9fine 08 Noarngmge, d
e 122. A conputer software product for finding a pre re stored
7 wherein the image processor is arranged to find the feature by finding a first
8  locus of pixels in the image belonging to one or more clements of the image having a
9  width less than the maximum width, finding a second locus of pixels in the image
10 belonging to one or mors clements of the image having 8 width less than the
11 minimut width, and teking a disjunction of the first and second loci.
1 17.  Apparatus according to claim 16, and comprising an image capture device,
2 configured to capture the image including the object and to convey an electronic
3 representation of the image to the image proccessor.
1 18 Apparatus according to claim 17, wherein the object comprises one or more
2 markings on an jtem, according to which the item is to be sorted, and wherein the
apperatus is adapted to read the markings and to sort the item responsive thereto.
1 19. A computer software product for finding a predefined object in an image,
2 comprising a computer-readable medium in which program instructions are stored,
3 which instructions, when read by a computer, cause the computer to find a feature in
4 the imsge having a feature width that {s within  range between 1 predefined
5 maximum width and minimum width, the range being defined so that 8 known stroke
6 width of a linc belonging to the object falls within the range, and fusther cause the
7 computer o process the feature to determine whether it is a part of the object,
8 wherein the instructions cause the computer to find the feature by finding a
9 first locus of pixels in the image belonging to one or more slements of the image
10 having a width less than the maximum width, finding a second locus of pixels in the
11 image belonging to one or more slements of the image having a width less than the
12 minimum width, and taking a disjunction of the first and second loci.
1 20 Apparatus for finding a predefined object in an image, comprising an image
2 processor operative to find a fearure in the image having a featurc width that is within
3 arange between a predefined maximum width and minimum width, the range being
4  defined so that a known stroke width of a line belonging to the object falls within the
5 range, and further operative to process the feature to determine whether it is a part of
6  the object,

17
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i ., ons a 2conprising a conputer-readabl e medi umin which prograntdN8Y 200t
feature in d f a 3in which instructions,

when read by a conputer,
conputer to edefined the inmage having a feature width that is within a
range between a pr 4stroke k nown 5maxi num wi dth and m ni mrum w dt h,

cause the

t he
range being defined so that a e the 6width of a line belonging to the

object falls within the range,
feature to detefm ne whether it

and further

caus t , conputer to process the

[ is a part of the objec 7a tifyin id g en
8wherein the instructions cause the conputer to find th

region of interest
obj ect, selec 9l ue§17p4f v |l e 10a

21

range,
the object,

122,

which instructions,
the image having &

width of a line

computer to process the

pixels disposed along the
separated from one

23.

in the itaaQe, which is it candi

region of interest in the image,
scan line passing through the region of
pixels disposed along the scan linc so as 10
separated from one another by a

rocessor operative to find 8 ' o
. ange between a predefined maximum width and minimum width, the rang g
at _
defined so that a known stroke width of &
and further operative to process the

Jocus of at least one initial pixel belonging to the feature,

A computer software p;nduct for finding & prcdeﬁne?d ohjet:t in e
comprising a computer-readable medium in which program instructions are gtored,
when read by 2 computer,
feature width that
raaximum width and minimum

belonging to tho object falls within the range,
wherein the instructions cause the computer o

scan line passing through the region of

which instructions, when read by 2 computer,

SR .

P
in the image processor is arranged to find the feature by jdentifying
whereln the

which is a candidate to contain the object, selecting &
interest, and evaluating gray-scale values of
find a pair of contrast transitions that ar¢

distance that is within the range.

i i isi image
Apparatus for finding a predefined object in an image, comprising an 1Mag

a feature in the image having a feature width that is within

the object falls within the

feature to determine whether it is a part of

line belonging to

' finding 2
wherein the image processor is arranged to proccss the feature by finding

and expanding the locus to

reconstruct the linc in the object.

an image,

cause the computer to find 8 feature in
is within a range between 2 predefined
width, the range being defined so that a known stroke
and further causc the

featurs to determine whether it is a part of the object,

find the feature by identifying

. . . -
region of interest in the image, which is & candidate to contain the object, selecting

interest, and evaluating gray-scale values of

scan line so as to find a pair of contrast transitions that are

another by a distance that is within the range.

A computer software product for finding a predefincd object in an xm:::.
omprising & computer-readable medium in which program instructions are stored,
C

cause (he computer to find a feature in

is withi ned
the image having a feature width that is within a range between a predefi



sean’line passing through the region of interest, and eval uati ng 3N\ 208ka
itions that are 11pi xels di sposed along the scan |line so as to find a pair
of contrast trans 1l2separated from one another by a distance that is within
the range. "1 . 23. A conputer software product for finding a predefined
object in an image, 2 conprising a conputer-readable medi umin which
programinstructions are stored, 3 which instructions, when read by a
conput er, cause the conputer to find a feature in -4 the inage having a
feature width tha##?s within a range between a pre fledQ U8/ pAgdd$. - 3
NOV 2004 41774 3 maxi mum w dth and m ni num wi dt h, apGNPET] Sefi ned
so that a known stroke 6 width of a |ine belonging to the object talls

Wi thin the range,y.a t . cause the 7 conputer to process the feature
to deternine getmhag‘?'qri"vahsaQi;"ﬁ’é"W W, the, mngs finedsso\febs opwn ttke i nstruct i ons
cause the conplt &fd% ¥ adine bessaing tp ghe fobiest Galisowithin the magi, ngy BrtheDeab@anss of at | east
one initial pikelonygloon g deGaul® d@@indhuneAith SXPARGLAE, the locus to 10

reconstruct the |ine yhbeib RinRRIEGE Lause the computer 1o process the feature by finding a

9 locus of at least one initial pixel belonging to the feature, and expanding the locus to

10 reconstruct the line in the object.



