; e3e4dFBh6T4" kf *159159* 1 METHOD AND APPARATUS FOR OPTI CAL CHARACTER

RECOGNI TION Field of the Invention 5 The present invention

optical character recognition, and nore particularly to odﬂﬂ’mmnlﬂm@'l%ter

recognition of characters on |icense plates of vehicles. Backggglg?r% t he
d

| nvention 10 License plate recognition ($PR) systens are known,’

essentially conprise a vision systemto capture an inage of either the
front or re f vehi c| r ' | nhecl t icle i cense
ol ate, “and HERteD AND AskaRartians Sl ol cHERAC R B EORITIL T or
15 locating the license plate in the captured i mage, determ ning the
characters on the license plate, and providing the characters for further
post processing. Such post procdsisidof tlse depemdent on t he application of

the LPR, and in a typical car parking application; the post processing can
include logging tine of entry and departure of vehicles, and 20 conputation

of parkisng charggs H§enT%%@6ﬁﬁ‘%iﬂat’eg%e%ﬁﬁcélr %&r&&@?rrgésgnﬁid}?téh& of
pi cture el enments or pixels, ich are stored in a sem conductor n€nory,

typi cal | y rmwdenpacdenkanignir ypticalt braraege peaggssiorg ofyshanactéhe data in
relation tq.each pjxel i.e,  pixel data can be accessed, and in this 25 way,
a softwar eolﬁ%b?eama&ﬁﬁoﬁélehé‘gﬁs-to assess the data of the pixels of the
captured i mage, and based on a predeterm ned algorithm such as are known
in the art, the programcan |ocate the cluster of pixels that constitute

the image of the license platBacHRfiounidkel thlalavexitieach pi xel incl udes
information on the pixel's location, and an indication of the 30 intensity
level d€ the pixel i.e. the extrenes of light or dark, or levels

cvel o the pix the extre | )
late i 6 the VPERREPAIEFdanilipE AR RSt i BhERHS g kREchlBRRTC,

i's to deterecomeriseeca visivacsyyteni kekaptusd ansinddgeaf bittlearthet foneridear
| i cense pl ate, where each character pixel cluster conprises apgroup of
[

pi xel s t hatol5apyehicls an Ratigewbichy ipghudesuthe vehiclkes dicensmipiates andt he
particul ar provide the captured image; and an image processing system for
15 locating the license plate in the captured image, determining the
characters on the license plate, and providing the characters for further
post processing. Such post processing is dependent on the application
of the LPR, and in a typical car parking application; the post processing
can include logging time of entry and departure of vehicles, and
20 computation of parking charges due.

The captured image or frame comprises a matrix of picture
elements or pixels, which are stored in a semiconductor memory,
typically random access memory, in the image processing system. The
data in relation to each pixel i.e. pixel data can be accessed, and in this

25 way, a software program can be used to assess the data of the pixels of
the captured image, and based on a predetermined algorithm, such as
are known in the art, the program can locate the cluster of pixels that
constitute the image of the license plate. The pixel data of each pixel
includes information on the pixel’s location, and an indication of the

30 intensity level of the pixel i.e. the extremes of light or dark, or levels

IR
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therebetween.



know edge of the arrangenent of characters on a license plate in a
particul ar country, a software program can determ ne the specific character
pi xel clusters that constitute each of the characters on the license plate.
1o The followng step is to identify the characters fromeach of the
character pixel clusters. Known nethods of perform ng such character
recogni tion include boundary tracing of a character pixel cluster using

chain codes, and conputing.intensive processing including artificial
intelligence tggpﬂﬁgﬁjwﬂgﬁég éﬁﬁr%& 50l [RjEe Soot I‘iéei %PE%WO}"F' thee 15
wit hin whi j nggd : ' ' Lact | ;
system pr iclcli)bré]aérét ﬁ?}é? éﬁé@rrgaw reéﬁgﬁgra 1peré d:t}n%ﬁg%)kt(';%tﬁgﬁts ?t%gd%%g{ﬂgggns
than that ofthe ctheskttgr pingplutbustesscdf aachnchatattePeohni thie divsrsempidie)e.

| ndeed, in slglrre syste dedi cated digital signal processors (DSP) may be
enpl oyed. 2HHEFE &f2 Actar preel GIHSTET GPTIREISSSea cBHOUME NPIXEHS $88ks t o

provi de -ﬁ.p%r S : i a ree L L - whi.ch
overcorre“r’(;l (r)@t Ja‘?&?:%{sjtl r ugfeslé P%{e)ﬁ%@ﬁgbg%rn%r? f'oﬁgghb’rg'g eﬁggoﬁ%thaémsgi or
art. Accor dingiwedge adntheasreahgeentpof skriractarendbhnoa fcewselgsase rmt hod
for identif ilgtg ore of a F]Iﬁurali y of predeterm ned characters from,

char act er pg% Cdlafs CeMN e amsP CoRIPRERRY Cag) dedeEmingi the sesifial

charact er @i dsr IdxbhenefBtathat Andandl &dﬁ%@gmg%%gfé&regl g%rmhe

i nternal character ures i nt cter pixel

conparing tlieeresd platal character features and the internal character
features in the character pixel cluster with predeterm ned internal and
ext er nal0 char actlee fpHaWingsstep néd identie theuchpragtess fpayerehnphébe

char act o s SHRGReE RO L drh TR ERrab T Rt Briod e BRRR Gl
charact er ferioghédonfinchedenmaiddliethlcitig@lof tay chhrfdted qiigentRastee haiagt er s

are substantially simlar_to the external and internal character features
in the char¢leaidy cprdgs) andisosmputing ntensive Presgseing mackhdingnartifiodit i on

Char actor & PEoMEtitare i AR thb eHHhabifee” RRe ot % shbefenbsREF, Siflkre

input for redelidwiidhe Hbehse€ RatdPhiels abUsé eecognizednidn by pRH@ERASIOPRS or
receiving the character pixel cluster and 15 gr ovi di ng a boundary chain

code; a chas¥tfea, Hyietast siatemsodequatcatiigaet opesiosmagce pompulting
platforms than that of a desktop computer, such as an Intel® Pentium®
power machine. Indeed, in some systems dedicated digital signal
processors (DSP) may be employed.
20

Brief Summary of the Invention

The present invention seeks to provide a method and apparatus for
optical character recognition, which overcomes or at least reduces the
25 abovementioned problems of the prior art.

Accordingly, in one aspect, the present invention provides a
method for identifying one of a plurality of predetermined characters
from a character pixel cluster, the method comprising:

a) determining external character features in the character pixel
30 cluster;
b) determining internal character features in the character pixel

cluster;



of boundary chain codes and a plurality of candi date characters associ ated
therewith; a character boundary chain code conparator coupled to receive 20
t he boundary chain code and coupled to the character boundary chain code
dat abase, the character boundary chai n code conparator having an output for
providing at |east two of the plurality #f candi date characters; a

| ine-cutting instruction database for storing the plurality of 25 candi dat e
characters and a(plurallty | .i.ne- cgttln |nst tlons a%fﬁglated

therewith, 9 Ii e AN ti)té‘?t SPHCERBRGC t8EI P&E@l ge fnternal one

of the plurghidacted reandiclal® SRAEASHEERT bﬁélldlﬁgtauwlmgp%&éwnﬂﬁé@r for
accessing the line-cutting instruction database and for providing at

| east one ofteneablamdilextgrdl chagactert featumst olicaicbnof aﬂ'moqqlar@litw\notfh t he
at |least one o thegpcggllt of can di dat e characters; 4 a line-cutting
processor d ek e AR tFﬁ%%’E‘ | east one of the plurality of

line-cutsting i naﬁ%ﬂ@wﬁgt@@@n%hﬁ ﬁ{@faﬁﬁta%&}zqfﬁﬁledetaﬁ&ﬁef bheradtdes §H! t1ng

processor for perfor the at least one o I ne-cutting
i nstructi ontdhe ahdrabeer pieel calussitery wheare ebeoexfernapraowd dnmgrrﬁall charmrl ng

data; a ch ter identificati.on database for storin ralit i ne
o e GRALAEHELS o e ome bf e Phaadie: A medcetimined <hstsites age
therew th; amgs@dtidlsy %Ekhilb? odH e e UPRAN iRk ?%Ha‘?af:%&ﬁ{e}é?u%@m

|l ine-cutting data 1o "and cou to access e character I cation
dat abase, tthe d:hamaatarpuxﬂj cr]as‘eercorrpar at or for conparing the line-cutting

dat a vmth the pluralit | i ne-cutting data, .and for rovi di ng one of the
plural iy of chaﬁh@?@Fg %SE"?F% hfeRTSSEN dNBRRLIGN RIAYIRES AR fpRarRtus for

2o T USIBLE 6 o PN of PR NEL] Bkl ol Mok 1 10
character pixel cluster, the apparatus comprising:

an input for receiving the character pixel cluster;

a boundary processor for receiving the character pixel cluster and

15 providing a boundary chain code;

a character boundary chain code database for storing a plurality
of boundary chain codes and a plurality of candidate characters
associated therewith;

a character boundary chain code comparator coupled to receive

20 the boundary chain code and coupled to the character boundary chain
code database, the character boundary chain code comparator having
an output for providing at least two of the plurality of candidate
characters;

a line-cutting instruction database for storing the plurality of

25 candidate characters and a plurality of line-cutting instructions
associated therewith,

a line-cutting determinator coupled to receive the at least one of
the plurality of candidate characters, the line-cutting determinator for
accessing the line-cutting instruction database and for providing at

30 least one of the plurality of line-cutting instructions associated with the

at least one of the plurality of candidate characters;



descri bed, by way of exanple, with reference to the draw ngs of which: 20
FIG 1 shows elenents of a typical |license plate recognition system FIG 2
shows a frame of a captured inage obtained by the |license plate recognition
systemin FIG 1; FIG 3 shows an enlarged view of the license plate
portion of the captured inmage in FIG 2; £5 FIG 4 shows a functional block
di agram of an optical character recognition systemin accordance with the
present invention,that erates in the |jcense pl.ate recognition systemin
Fle 1 FlG s shims ufieedibResthn sovpleg Thee Gl fhecr BRstidiop! Fosl
character rSleRanty b MY shaihg tn&irGctibns3on & tke c@ﬁm%%@e@?i:&‘?@l\ﬁs@?, eRLar ged
view of a charact'er pixel cluster of the nunber O that IS provided to the
optical chdiretatting:pgoctessor foyrsperformifgGhetat dadst ofieFbfsthg Apladliti
shows an enl ar %g.vi ew of a character pixel cluster of the punber 8.that is
orovi ded { JIGE BHIE HHSICHEHEE e P ABEHEF SRR BRPPFTATOT Praviding) |
Descri pii onj o clhenBr&yangs A character recognition systemin accordance
with the present Invention first uses a boundary tracing process to

det er mi ne ext er malchalractat idernftdatatices database ffor stafingra plttality of liae-
character pixel cluster. to Then, .a subsequent selective |line-cuttin
brocess of QHeERIe @R b ey it PEURPToRRES (AR T PRBOP LA nal
character f .t identify the particular character represented by
the character pixel’ cluster. A chain code derived fromthe character pixel
cluster by 4 himeboutting \ddtaacompapatmessupedisedeteivdefer linsecwtting data
representation of the ~5 outline of the character gi xel. cluster. The chain

code i 90 hendcavnlsd; toacress thadihpractenadertiicatioppdatabase the Hpea t han
one candi d r e i i g i o) . r i ned
| i necutti ng&iﬁr%fs%?%Q%o%%ﬁgggggga@d%%éﬁ%Cccli:]%nglnga e t&%ﬁ%&? e‘?gtﬁa?fé@

appl i ed to plwratibwroddies-quitkielg dhtst and foreptravidirggioiengf tke yplusatitye o2o
subsequent|ly conpared with g&ssi_ | e outcones for, the candi date characters,

and one of ¢Hracirss Rs dhenhadart 091§ @dnthe iRlyrahidy of Predeternipned

recogniti prbﬁé%%%%]segpgﬂy t?ﬁt‘?r nal boundary tracing using chain codes and
i ne cutting, ich arée relative easy to process in a conputer, the present

i nventign can advant ageously be 25 performed with an ordinary desktop
conputer, such as an Intel Pentium powered machine and the like. Wth
reference to FIG 1, a typiBdaef Peasprpsipn ehtho®resipesses a vision system
105 and an i nage processing systeml| 10. The vision system 105 i ncl udes
canmera 115, which provides a video signal 30 representing the i mage of

what ever the camBrémbbdinfertli b£e¢hedpAisenthigivendtsh stidhalow e hyteledilyo a
frame grabber 120 which, when triggered, captures a particular frame of the
vi deo si gnaflesaiRad by Mayppherample, With reference to the drawings of which:

20 FIG. 1 shows elements of a typical license plate recognition system,;
FIG. 2 shows a frame of a captured image obtained by the license
plate recognition system in FIG. 1;
FIG. 3 shows an enlarged view of the license plate portion of the
captured image in FIG.2;

25 FIG. 4 shows a functional block diagram of an optical character
recognition system in accordance with the present invention that
operates in the license plate recognition system in FIG. 1,

FIG. 5 shows a flowchart detailing the operation of the optical
character recognition system in FIG. 4;

30 FIG. 6A and 6B shows an enlarged view of a character pixel cluster

of the number O that is provided to the optical character recognition

system in FIG. 4; and



the captured i mage, and makes the stored pixel data available to the inmge
processi ng system 110. The canera 115 conpri ses a progressive scan canera,
nodel number CV- M| OBX canera manufactured by JAl Corporation of Dennmark
The frame grabber 120 conprises an IC 5 ASYNC gray scal e frame grabber card
manuf act ured by Coreco Imaging Inc. of Ganada. The image processing system
110 conprises a desktop conmputer running software prograns that provide the
desired functi ity. The desktop conputer can conprise a Pentium]lV

mi cr opr ocessor %ﬁ%&wﬁ?ﬁ SBOWSIAR ENIaiecr ViAW, ObR algackiT BECLCIREST of
America ma ¥ ALGQr 1 : kt op
comput or 1 1) e e SRR MBOVLR" R URE RIRRC, CHEEERE hechBRIGe |

t he oper at i system trh€IGndge grabber 120. In addition, the controller 130 is
coupl ed to random access nenory 135, read-only-nenory 140, one or 15 nore
hard di sk drives 145, and user interface 150. The operation of the desktop
conputer: i s known to one sig Lok rie, 1 ot be further

el abor atsed here, except V\h?réethgﬂ?:%&d‘&éﬁ? sc}fé[?glqggé&vind%ﬂe description of the
present invention. Wth reference to FIG 2 the LPR system 100 initially
captures an 20 iﬁgge 200 of the front of a vehicle, where the captured

i mage i ncl udes A HAAEAGLET '€EOBNHEPR SHHtENE 1Na3CE 1CeTEltBa PRI SERbge
has a fra 7. . 5 i I i i per
pixel . The rehticl FRE el bty (AR Rcst R Ueldinfle BlbnI T
appr oachi ngcloaragner fesgames inaheafoeat opankoutlind\brt b cledeictoe Hikel duster3 t he
LPR 100 systemthen determ nes the | ocation of the |icense plate on_the
capt ur @ i mHaen, arfibsrsitant seleatiye dincoputidng drocass o4 thardinresheePdsd t hat

520 by 160 GRere oneBrEufedd® REThIE R ub Sr R dsh G, 3ae °
the |i CenSGidlé'rit_If? thegardcidhystigaradtee Htebentstd By th8 Phuehctdrr phagses
known to one skilled in the art are then applied to the license plate pixel

cluster 310cluster.ddnehdip epdeadedyveddifrem thesharactars pixgl ghmwter hyhéhe

characters y | i te pixel eluster 310  FEach of the. ch er
b el ot ust 2puhdfey 4ESORE BrAlSohp Secdi B FeriRe AP PRAANRT FRb

processisng. olflink ffteleetbarddtel| fixel cldstetNTHeOBRAir pdeSRNtIaéh Allset) Qo Of
the 5 i mage processing system 110 conprises an jnput 405 for receiving a

charact er pideattity| eandidag chaynetensp Wheostheredisumasg tham opsueriadidate

01 el of ust STt ge L R Tost o BB SR e BRE R e e My B B

boundary chaiftiggdthstfuehidiaca@sobpitedarithhahe codgideCefidahdidts 4¢e has

a first input that is couEI@gd to receive the boundary chain code 420, a
ac

second i npuapphed & theup tera pixelr gbasterbdUneldiye-chititing g¢sudis: alsase

430, and a third output that is,coypled to the_ qutput 0 t,0 provide an

ot | fted EaPEatER b, colfhatdn (RHE Fossibl Bulsohits 87, bl Halfuf

character fgadricer)rard ofétsITthR! calrikliclieé agbeacteeynsadontfied@. character in
a

the character pixel cluster 410, where the character is one of
predet ermi ned ofs ghés sdlageceer gecagnisiore systaneemplaye extiernal boubdanyar y

hai de dat ab .430 .st. | e f di h
oeoci ated HRETBIAMRCITHE GodnuinA Dk Rusifloaite R et Bb idar y

chain code gRIFMdsSRS a@cBH{ﬁﬁferofth%be‘ésI@it ﬁh}%’rﬁ?&r@rcatipwa@%ﬁa?ééﬁéﬁn pean be
uni quel y associated with a particular character. Hence, detecting the
parti cudsar pexfodared ohidhnanodediahagnslashktopacoimpiiter, csachcaeran olritel®

identified wthout the need for .further ocessing. In such an instance,
the identi fPEAIEMP RIwETE g‘,aq}gnﬁﬁlr’cqigh‘gi}%ﬁvi ded by the character boundary

chai n code conpgf ide y 1t pﬂ?%?“%%“c i i
applies for '_char é@% g& ge%,ﬁcg,troﬁfd&f, lT%1 %ﬁgﬂkl R afﬁ%{])](?)ongﬁe erézg.gfs%rre
boundary chuaisiomr cestenr d 05 eond aire dmsigeh procesdihgnsystene hbt Quc Tére, vidionh are

referred to as candidate characters 435, 30 ggch is the case . .for the

candi date cP¥3EER el 900 1BAHIGes 1cafpgra, 13Sanwhach jpgavidss @ yides, sigithlm and
W 8 B I t Ay i

associ a%ﬁd C are gg#g\rﬁ%p &?%'étlgl?%reegﬁ ‘g)l%ét%‘g)ﬁﬂ?ﬁggglﬁ%%éag? grﬁbgﬁ'%gger@gghgpﬁ code
dat abase 430idedhsighaliislpryvidtal o eoffamelgrabbet 400 tiidchamwloers tvigherked,
boundary chain codes; the type colunn_indicates whether chain 5 code 4 i.e.
A C E and@pturessaparbicudpniramed the videossignad, skoags ther pisgd dsdaifcul ar
boundary chain code. The character columms indicate the



10 characters) associated with the particul ar boundary chain codes listed
in the boundary chain code columm. Chain codeTypeCandi dat e
char act er s) GACE408GCE414 GAGCE4 79 GACGECAJ UGACECAEACG. . FDBMNGAGEACECAE45GACEC
AE46 GAECA L GCACE4 PAGCAE4 TAGAECE4 Z GCHDBF8 KGCHCGD8 NGCHDBDES RHBCFD8 VHFBHDBFD8 X
TABLE 1 The character boundary chain coge conparator 425 conpares the 15
boundary chain code 420 with the variety of boundary chain codes in the
character boundary chai.n code dat abase 430; determ pes when . nldi dat
characters © C%Pé‘“éféﬁbma&eedl RaKeS thsuM@Lr) RIS a&%d%"‘%;‘gl? Calf the
provi des t I ; r 3 Lha- | na.; ra :0440.
The |1 ne cLrt B R S 10 T A S bl 8 R e e
t he candi detearc baneariag rrod8bnuanben C3&cHIDBX mameraphadufactared sy dAft i ng
i nstruction_ dat abase 445 _ The I'kn -cutting ins]t;)buctiin dat abase 445 stores
S

particul ar CORPTRHRN plaDEnEAT drame, g5aPPPE Ul 29 SRMRINSS @il code,
and 5 alzso [ i } kne- t i RUGEI:ONS
Heso0i atoq SOPNEE pEAY SEAROMAO gPEBAEL EAM EnLIIATEUY 1 CorBe) IR
candi dat e dmar, aftCxrsaddience, when there is nore than one candi date

character 435, the line-cutting determ nator 440 uses the candi date

character 435 tHhedHasgs PRRCISHRE RVstemy Lil RsEomarisss a-deHsop gamputero
Sialotbe RN UET¥ . Pt by :
thel | ner ci AR Q0! gAY LAl ptSbIdE N utibd AGORRY HhFPS,

bel ow pr ovidiesktopecompungs caandodgirése haPastiaks [dnthitfgprasessémpedered
line-cutting instructions that are stored in the line-cutting instruction
dat abasl® 44Bachipecwhgradnteldng: gt the Unided miates of Arperica mapigectures

candi dat e Ctp?er 'S, a L ne: [ LNStLuctd on H%m ' es
particular T1 ng?%ﬁlﬁm\gﬂfn{sxﬂrgﬂécﬂﬁ%gcﬁ§%§%53% éi]{&e%%ly\tij\n Plﬁgt %g‘&ggr i%ét)#lg;rh&%y
candi dat e cimladesrs dorttireller M 3Geheand datpledabaateess ealdimontcandhdat e
charactersLine-cutting_ instructionsO8Central vertical |ineld4Central

hor i zont al PPERELIIS of (et bnagergrabbesl 120 nbe additionh ¢heogeiminties) 130 is
hori zontal L4 0GCRCENL AhoMPLELSA MBS 58, AN ShnIHALLSEy O 2504 B
15 more hard disk drives 145, and user interface 150. The operation of the

desktop computer is known to one skilled in the art, and will not be
further elaborated here, except where such details assist in the
description of the present invention.

With reference to FIG. 2 the LPR system 100 initially captures an

20 image 200 of the front of a vehicle, where the captured image includes
the vehicle’s license plate, as shown. The captured image has a frame
size of 768 by 578 pixels, and has a resolution of 8 bits per pixel. The
image can be captured, for example, when the vehicle is detected
approaching an entry gantry of a car park.

25 With reference to FIG. 3 the LPR 100 system then determines the
location of the license plate on the captured image, and identifies a
portion 300 of the captured image 200 that includes the license plate.
The portion 300 of the captured image 200 is 520 by 160 pixels in size,
and the pixel cluster of the license plate i.e. the license plate pixel

30 cluster size 310 is 230 by 48 pixel.

Processes known to one skilled in the art are then applied to the

license plate pixel cluster 310, to identify character pixel clusters 315-



TABLE 2 The line-cutting processor 455 receives the line-cutting
instruction 450, and is also coupled to receive the character pixel cluster
410 from 25 the input 405. The line-cutting processor 455 then perforns the
line cutting instruction 450 on the character pixel cluster 410, and

provi des 10 l'ine-cutting data 460 to ayline-cutting data conparator 465.
The line cutting data 460 conprises line-cutting results. In effect, when

the |i tii 455, f the |i - tti i t ti 450, it
| dent i {1 6 378 AR, CEATCIFInE Ghe gISEas Blete Huxehaiistter 1or BAct Phefier
410, 5 whi cdhdQdtEr tﬂ?ﬁeﬁ@ﬁ,gétte_krﬁé%l}'&%b@ wtheﬁ%adenaa&ﬁgsﬁameﬁmgcﬂe?e

| i necutting instruction 450. I ne-cutting processor 455, then

det er mi nes tecognitiah drbeessingl s of the line of pixels in the character

pi xel cluster . copnstitute pjxels that are part of the .character.. Wen
this is dot ect WIth GEIFTERCECUPIENcE Roltnatignar ey cseniation 0D bk the
sinply X0 ":cut o LRer Wale t G I , 4 ceive
the |1 necuttrags FhgepbE ShblartaL £SOy PR TR iR, 10CRepiting &

i denti fi catcloawratatnhzizel 4FfsteThel @ha@hacirgput ddd if icvatpled ababasad4r)
stores particul ar candi date chargqct ers associated with particul ar boundary
15 chain cOERCESSOEr &d & dhads PERIATAES pR eBBHEARN (T3¢ IRE RFOCERY ABt P86

associ at ed G i r . and i i i.fied
Characters. HERcOF FRECILICRIET 1B/ Hrvidie BtiEte RAEhAGY LBfle! 4010k
| i ne-cut ti ngxtdahal 466uaddryeghaiescode. |IA ncharddtengbdamidny chainhaodet er
identification database é?g@go I?pate_a correspondi ng 2o, identifjed

i t

char act¥r  498MPGIBLOT ot Re LESE riegpshdingg 1uerRypicst toharaever thes,
the "“e'Cg%éﬁﬁgaﬂﬁ#ggﬁ@a{?gm 4%2.BRANIeR R LARUNILLSY £ORERGLRE 475

to the out OW provi he vari ous at e characters,

t he associ abednthne-obisihidigleddh tabased4 365 agidahathirdlemitplit athat Haranted t hat
25 are stored in the character identification database 470. The candi date

char act er s WotprRutpyt $8hto papvisiesardfantificd emasderrtdS. (e PPRadaRYt i ng
data col U 08 £8HES PATIHULANd LRfetti AUkt I Srudls Gl edPaapliat ed
| g’[ e C I'S ed'ﬁ In at e C

I
with the particular can aracter the candida aracters

col um, 1;andchéeadtde Mdindgre béracharac@irlithn tBe dhidiactée pitdleckhteesd@)di ng
identified characters. 11 Candi date CharactersLine-cutting data No. of
cut sl dent i f VBg§Te RheLhatiassanss ongl1aiiz arrdeiarmingccecsammaalscad srowp @fh is

equal or characters.

The character boundary chain code database 430 stores a variety
of candidate character(s) associated with each of the boundary chain
20 codes. A particular boundary chain code comprises a number of
external character boundary pixels, can be uniquely associated with a
particular character. Hence, detecting the particular boundary chain
code allows the particular character to be identified without the need for
further processing. In such an instance, the identified character 475, is
25 then provided by the character boundary chain code comparator 425
directly to the output 480. This operation applies for characters 5, 6, L,
P,T,Z, K, N, R, Vand X.
However, some boundary chain codes are associated with more
than one character, which are referred to as candidate characters 435.
30 Such is the case for the candidate characters O and 8, 1 and 4, 7 and 9,
Jand U, C and G, and M and W.



| ess than the bottom outer w dthMlop outer wdth is not equal

or

| ess t han

the bottomouter wdthWTABLE 3 5 Wth reference to FIG 5 the operation

500 of the inage processing system 110 starts 505 with nonitoring 510 the
When the character

t he boundgry processor 415 determ nes the

i nput 405 for receipt of a character pixel
cluster 410 is received,

pi xel
ext ernal character
fromthe 1o ch
conpar at or 425

FRELEL o helf

P

possi bl e boyndriyteh8h Ar&Qdes
430. VWhen the character

f eat ur es,
clu

bound

il

ster A410.

a

h

R RICHERS
B?e%@éﬁ%ﬁi

aln co

cluster.

The char

fue

by determ ning 515 the boundary chain code 420

GbS SRl S0 e
2 thBUPRHALYeCHAIRd5RH @ High abase
conpar at or 425

code
ous

I nds” the 15

boundary cheide dadabd8® 430.tTiee dvarreddmr chaimdady adiaimm dixds tihet eddeas430,

t he character,,
cor r espondi YRfi

i

420. When thsyehay acherc bp

that there is one corfespo

a chain co

¥ E éf‘%@togir%}c %gg

arator 425 the
SyPefAYmN indicRtas Wkes

. 1 t
BB SR O EnaaTRaLe

assocl

determn

at e

R
L R RE

s the

6T SRRIR code
&%pq%rSZS
dundary

chai n code #i0pattienlarisounéaty Eheath cbde aTherchafacter ¢olovndsdn8iatatthehe

out put 480 hy the

However, wh E%eﬂﬁhﬁﬁﬁ?‘é‘@%%ig‘i@g?@l
525 that therg.ds {mrj%(gg,
de 4207 ¢

boundary chain co

12 char

e

il

can

ndar

ccpRiticlagd

y.chain

GoMARE

arat or. 425.
piny sodgatlistafines

o) ndi ng character associated with the
é%%éﬁ%ﬁ@haracters 435 are provided to 5 the

line-cutting determ nator 440. The line-cutting determ nator 440 determ nes

530 the predeterm
candi dat% characte
and provides the |
processor 455. Thi
character pixel cl
535 the line-cutti
the line cutting p
| i ne-cutting data
| ine-cutting data
dat abase 470 and c
|l ine-cutting data
character identifi
determ nes the cor
the line-cutting d
t he out put 480. Th
t he next character
reference to FIGS.
character pixel cl
wi |l now be descri
boundary processor
character pixel cl
boundary pi xel s,
hand nost boundary

ned—|ine-cutt

S Chdinfdode !

ne-cutting i

+

i

Il

e Type- J
st riict i g

ut Candidatet
ns 450 to t

pg—nstructions 450 associated-

chirhtRiifs)dat

he line cutt

with the
abase 445,
ing 1o

sGACE 0 deter

m ne4t he

i nterbal ch

aract 8r_f eat

ures of the

UEIGE 410. Af

fter #he |

ine clutting

] procdssor 4

155 perforns

NGAGGSEr ucti o

ns 440 on

t he Zhar ad

ter ppxel cl

uster 410,

[ BCSEL 420

PT OVigdes

theATJne-CL

[Ttingydata 4

—46

"BACECAE °

Iadi s

5.

the i¢ne- TT

o

T nggls dat

60 to the
a 460 the

Ok at of—=0
YAy

A

R

f

S€S

+ Ih oy A
oviral
\4 Aat 4

+ r i : 4
CLU Tl 1 CTTliTT

460 Wt h Ny
A A4

ication
edet er m ned

u

R CERCECAL

T \ZAv 3 ug s

(9 |
t
L]
he ¥i neci

LALEEL S B B =)

- GAGRCAR abas

t

he lifecutt

tting data 460 in the

 &Adi ng i d

enti i ed

20 chlar act g

'r 475 associ

ing data cof

par at or 465
ated with

hGCABHE, and

pr ovi4des

545 the i de

ntified char

acter 475 to

EAGTAEL T ON 5

O th@en r

eturnp to 1

jonitoring 5

0 recei pt of

RGRECE! USTE

aga_pr

ocee as

escri bed ab

ve. Wth

GOyt TOT

ar ol

of—tgre—Tun
h_ +H
[ S ) T

4 oY VW £
oerT U Zo 11

m a

o
at % OD '€

neo
TGO

o --nrocont
< Pf COoCTTIT

1y
LI

wventi on,

LGEHOED, 1o
SCHBBDE ni n

PatWal
u\:BUl
niv® el
P& }

as '—3@'—3 a

\aast
v
ustnﬂh410A

houanry _ch

i s received

ain code 42(]

510, the
A fromthe

(EBGFR10A. This Bs ad

complVshed

by first

i dd

enti fyi ng 30

maHEBHDBFD an

"X"8 and

t henX star

ting at the

top left

pi xel

601 [ Type 4 chain Code, wth ACEQG
pat h of boundary pixels using the chain code directional

ref erence

tracing the

13 605

and the nunber of pixels aligned in ehABL# 1t he directions. Hence, the

resulting chain code is:

E
Ct

13, E,C5, E, C E,
as the resol ut

Bh

having |l ess than t

3

C, E2 4. GE S5 A mni
<" Che 7 esol ut I BRE IR pOpRUa Biing
di rectipnal pb{\RES RNl 8bdé 230 wilh @RePrawge

ree pixels are ignored.

m count
© FHIYP
8l ®

(0)

App|

f three
A5 HAPat©

(3,E G/,E, A, E &, A2, R, A A, A3, G A6, C A3,C3,AC
i xels

IS set

asyeﬂ{: €

he chal n code
above resul tlse igharaeté nldoavmdaryc lchiamn costte database 430; determines when

candidate characters 435 are associated with the boundary chain code

. se
y.néﬁﬁﬁﬁﬁgf%ﬁgnléageéhﬁ

420, and provides the candidate characters 435 to a line-cutting

determinator 440. The line cutting determinator 440 has a first input



lo Gl,&xX,d,d,A ,A2,Al,C1,C4,CL,El ,El Adding up the direction |Iinks above
produces the chain code: G5, A4,C6,E2 Dropping the units fromthe chain code
above produces the resultant boundary chain code 420A bel ow. 15 GACE Wen
the character boundary chain code conparator 425 conpares 520 the boundary
chain code LACE (420A) with the various gossible boundary chain codes in
the character boundary chain code database 430, it is determned fromthe
character boun y. chai n. code 20 abas 430, as icated in TABLE
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processor 455 and provi I ne-cutting ata 460A. Re rr| gto
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TABLE 2 below provides the various candidate characters and the

associated line-cutting instructions that are stored in the line-cutting
instruction database 445. The candidate characters column lists the
15 various candidate characters; and the line-cutting instructions column
indicates particular line-cutting instructions associated with the
particular candidate characters listed in the candidate characters

column.

Candidate characters Line-cutting instructions

0 8 Central vertical line

1 4 Central horizontal line

7 9 1% quarter horizontal lines from the top

J U Central horizontal line

C G Central vertical line

M W 1%t and 3" quarter horizontal lines from
the top

20

TABLE 2

The line-cutting processor 455 receives the line-cutting instruction
450, and is also coupled to receive the character pixel cluster 410 from
25 the input 4085. The line-cutting processor 455 then performs the line-

cutting instruction 450 on the character pixel cluster 410, and provides



identified character 475 at the output 480. Wth reference to FIGS. 7A and
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code dat abase 430, as indicated in TABLE 1, that the 5 nunbers O and 8 are

t he corltoesd‘@hﬂi’-ng candi date characters 435B. Upon receiving the candi date

characters 0 a (43 : [ L er. . nat 40.,. Fim _nes
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15 chain codes, stores corresponding predetermined line-cutting data 460

associated with the candidate characters, and stores particular

identified characters. Hence, the line-cutting data comparator 465 uses

the line-cutting data 460 and searches the line-cutting data in the

character identification database 470 to locate a corresponding

20 identified character 475. Upon locating the corresponding identified

character 475, the line-cutting data comparator 465 provides the

identified character 475 to the output 480.

TABLE 3 below provides the various candidate characters, the

associated line-cutting data, and associated identified characters that

25 are stored in the character identification database 470. The candidate

characters column lists the various candidate characters; the

line-cutting data column indicates particular line-cutting results, or

cuts, associated with the particular candidate character listed in the

candidate characters column, and the identified character column

30 indicates the corresponding identified characters.
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TABLE 3

With reference to FIG. 5 the operation 500 of the image processing

system 110 starts 505 with monitoring 510 the input 405 for receipt of

a character pixel cluster. When the character pixel cluster 410 is

received, the boundary processor 415 determines the external character

features, by determining 515 the boundary chain code 420 from the

10

character pixel cluster 410. The character boundary chain code

comparator 425 then compares the boundary chain code 420 with the

various possible boundary chain codes in the character boundary chain
code database 430.

When the character boundary chain code comparator 425 finds the

15

boundary chain code 420 in the character boundary chain code

database 430, the character boundary chain code comparator 425 then

determines the corresponding candidate character(s) associated with

the boundary chain code 420. When the character boundary chain code

comparator 425 determines 525 that there is one corresponding

20

character associated with the boundary chain code 420, then the

identified character 475 is provided 545 at the output 480 by the



to departing fromthe scope of the present invention. 17 Cainms 1. A

net hod for identifying one of a plurality of predeterm ned characters from
a character pixel cluster, the method conprising: 5 a) determ ning externa
character features in the character pixel cluster; b) determning internal
character features in the character pixgh cluster; c) conparing the
external character features and the internal 1o character features in the

character pixel cluster with predeterm ned intern and external character
Feat ur ee. offHareRter BOMNdAT SPATY CHiG CORUPUBIDRERSh IR i Wagt B¢

I dentifyin [ 0 deqg ' =5 o e
char actgr gﬁ%ﬁcg ugggﬂmafl%g{ g)??gr%%#{ andttﬁ]{a]ggﬁglle@c a?rg%fe?zslghgb

f eat ures ofthene isnmat then phre alortgsmpingingd eharatcterdasdaciateédrgithr the

substantially sin| o the external and internal character features in

t he char actb:gurb‘h%@ gEFHéF@ ¢ .0’4%?%@%356§g’@6?‘82ﬁ1'§e‘{§$taﬁed?ré’i"i#efft°

wher ei nga thrlﬁgé_%tghg%ﬁfﬁﬁﬁaﬂjr @Jpﬁr acter boundaries that are associated
I rede

with the plurality o term ned characters, and wherein step (a)
conpri ses the dilep dinelatwrtingi retereninfatore AH0r atietyrmfinest eb88l the

character boundaries i he character pixel, cluster is associated with at
| east one &rqd%éempsai hwedp%ﬁléwetlélrsm%ﬁoeﬁaﬂ ergsocigted mgﬂ%t HR% i n

accordance \ [ w%r ' ) :GQMRAL 4 : ﬁf%s i
determ ni ngé%{ &gfi%lrtgl({lfitaéag ex?gr% n%ﬁgﬁgl%agﬁg:@%ﬂéﬁéégﬁﬁﬁte S ;Eiﬁlg?ﬁ%éer m one
of the plurgd3t yndf pextidenahechas-atitehgomutdactionsi 458aot tree timar aattévig pi xel

cluster; and a2) determning relative positions of adjacent external
boundarl{ piBEOCEsser thpo-plisals t9 detewpine the disrael ehapasisdaleptyreseiof,

18 wher ei n dhe felalicreonasi dlans: 91 d, Neraflidgenh X aiNR! pRAIAEE s

boundary piXxel s Ts substantially indicative 0 racter
boundary ofpdrferrats $8astheoliaeefuttieg phstralctionso# 50r edetley whaedctdrapaed er s
in the character pixel cluster. 5 4. A method in accordance with claim 3,
wher ei n st ecgu(sgﬁr) 4dShpihies dise RRIENEPPHICESSOEr hP i m@wﬂﬁ@@ﬁixet nesGafting each

of the plurald.t f ¢ nal r r el s e : a
predeterm ngac]J apﬁ}{?(g Ito mtegalg‘?tcy %Péﬁ@i#ﬁt%t %&ﬁﬁagg{r%{ﬂt LE%% pﬁnjéé (tzlgé Eig‘fr?c éuf’m
claim4s prdfta §60stiepPlinal¢uttegRidtacsorhbaratsiP46b fedewssesnihkgchieacter
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t he each ofidenéifisation datakaseekr@rand cempatesr4®shading cpttingglata 460

with predetermined line-cutting data therein. Upon locating the line-
cutting data 460 in the character identification database 470, the line-
cutting data comparator 465 determines the corresponding identified

20 character 475 associated with the line-cutting data 460, and provides
545 the identified character 475 to the output 480.

The operation 500 then returns to monitoring 510 receipt of the
next character pixel cluster, and proceeds as described above.

With reference to FIGS. 6A and 6B recognition of the number O

25 from a character pixel cluster 410A, in accordance with the present
invention, will now be described.

When the pixel cluster 410A is received 510, the boundary
processor 415 determines 515 a boundary chain code 420A from the
character pixel cluster 410A. This is accomplished by first identifying

30 boundary pixels, marked with an “X”, and then, starting at the top left
hand most boundary pixel 601 [Type 4 chain Code, with ACEG], tracing

the path of boundary pixels using the chain code directional reference



15 6. A method in accordance with claim3, wherein step (al) conprises the
step of determ ning contrast |evel of each of the plurality of external
character boundary pixels is greater than a predeterm ned pixel contrast
level . 20 7. A method in accordance with claim6, prior to step (al),
conprises the step of determ ning the prgdeterm ned pixel contrast |evel
fromat | east sone pixels adjacent to the each of the plurality of external

character dar ixels. 25 A, e i.n accordance wth claim3
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| east one of the to ity of predeterm ned characters din
accor dance chdain cddd:m 9, wherein step (b 1) conprises the step of

b xel & s G cat or than SoRrGad Bk AoaABk el (€8 EEL T 11 A mothod | n
accordance wt hA&Ji %héobhep&fé@éuéﬂ lﬁ{@aﬁBvé@rPrﬁQQQVthﬁea ﬁﬁﬁeco'%feep of

determning the p termned Intensity leve om at sone pixels
adj acent to the each of the plurali Gp,A#,CAREL nal 20 boundary pixels 12. A

met hod in accordance with claim9, wherein step (bl) Corrprlsesthe st ep of
det er ni ni ng con?]Sé@Ppt%%eq heofirie Hram (the Belnw ¢+ AbRYE tiosludssuhBsr y
pixels is gxre%%{]@ir} ] mlzgag; %ﬂﬁtr‘%%g%(ﬁf@eg&\?l 25 level. 13. A nethod in

accordance wt riror to ste conprises the step of
determusi ng the predeterm ned contrastGlA€el from at | east some pixels
adj acent to the_each qof the plurality of external 3o boundary pixels

14 "A method | nWAtbr thhceharaste diHodagher8aAn s COFE( l??)‘nl?éﬁﬁF‘?rse%Q'?’he

step of det
arr angenentcgérgpg%lgge Irt%% :}g)&g[g&%ﬁje Fﬁf eatsitrea%é?%?&-?ﬁg %flur a Varl?us
external chpossibiy kufdhchhaitelc@dé iS5 thé okeirbeter boﬁt@ﬂilinga@ﬁ&lrv\/bbﬂed aim

14, wherein _step (b2) conprises the step of determ ning that the one of the
plurality ofatahass 43 Held %@teaﬁgeﬁérfrenbthepplaerecteﬁcqueatshé ain cedst one

Of e 29 U Shidiadt 46! SNHCHAPH SABO AL Plebimb0 4B ahgrethad. 1

accordance w Fein e one term ned
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plurality ofCentral vertical line” (450A) from the line-cutting instruction database
25 445, as indicated in TABLE 2, using the candidate characters O and 8
(435A). The line-cutting instruction “Central vertical line” (450A) is
subsequently performed 535 on the character pixel cluster 410A by the

line-cutting processor 455 and provides line-cutting data 460A.

Referring to FIG. 6B, the line-cutting processor 455 passes a
30 central vertical line 650 through the character pixel cluster 410A, and
identifies the boundary pixels 651-654 through which the central



i nternal character boundary pixels. 20 17. A nethod in accordance with
claim9, wherein step (c) conprises the steps of: cl) determning the one
of the plurality of external character boundaries in the character pixel
cluster is associated with at |east one of the plurality of predeterm ned
characters; 25 c2) determning the at |gast one of the plurality of
predeterm ned arrangenents of pixels in the character pixel cluster is

i ated with t t the pl i f det er i ned
Char acter sVl 308 S 30 e S ohbe op ey I k16 94, SR isne: LA el
arrangenentphélade thedimé Reitaihg @ast 4608 iAliddteskl endd ity of predeterm ned

arrangenments of 3o pixels in"the character pixel cluster. 21 18. A nethod
i n accordance Whe lileatuitirrg daie ceimmpatedopld@Satédejvess tipe dideteunttimgdata

ar r angenent a_ ssocjated with,the plurality of predeterm,ned
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plurality oinereaeies Maed ifhahactRhadtert e tHAEAELY EitRiba’k ‘4’7‘@??&5 when

the one of the plurality of predetermned arrangenent data i s associated
with the oneaditatedeipl TABLE 3, dhapridsetbeanacied shthactenderl. The dpgar at us

for identifyi 0 of a plurality _of predeterm o0 characters froma
char act er p‘%%tg’?“% ﬁ%&ﬁew ag(b"pé?éét 'E}%gr(’: eV ii?%%?*%a%.h? HH&’F‘%‘E& b r& é\%i ng
the char actiglenpiriedl cRAHRUEE 478 AOUIKIBLYpRE gRASser for receiving the
character pixel cluster and providing a boundary chain code; a character
boundary chai n Watde rdfdrenasetd GIGSL of A rané 1B uregbghitidh of theundarberc®ai n

codes and luraljty of candidate characters associated therewith; a
char act’r &gﬁa% {}h@ﬁ%FWrCBH@Ié%h‘ﬁé‘?raﬁ& E%)olfblaéi‘fofgapéﬁe‘l"@ the Hssshry

chain code ;grd &%%pl‘ﬁﬂﬁQWt%l?dEQ@fiBS&.er boundary chai n code dat abase, the
character boungary’c al n code conparator having 20 an output for providing
at | east two ofWihem phe gikty diistendt HABe ishsraeited s518, | the-bethdagy

i nstruction database for storing the plurality of candi date characters and
a plural i t yPISICESSAB-LAR [detgrinmes 55{5 8nROHBLIGEY Aihain ﬁ@gémw,—" tyqmm, the

l'i ne-cutti ' I 0 ' - : :
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| east one dranflemgsirhevngasy Rixglidil etrarangcihs pathook boundany: pitRls
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character identification database, the |ine-cutting data conparator for
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and for proﬁ’és@lﬂgo%n?orogngrhgf Qh'ér airiekyions. Applying this to the chain code
above results in the following chain code:
25 G2,G,G2,A2,C,C,C,C,C,E3
Adding up the direction links above produces the chain code:
G5,A2,C5,E3

Dropping the units from the chain code above produces the

resultant boundary chain code 420B below:
30 GACE
Note that this is same boundary chain code 420A of the number O,

which was determined above. When the character boundary chain code



10 of characters as the identified one of the plurality of predeterm ned
characters at an output. 20. An apparatus in accordance with claim 19
wherein the character boundary chain code conparator further conprises
anot her output for 15 providing one of the plurality of candidate
characters when the character boundary gBain code conparator deternines
that only the one of the plurality of candldate characters is associ ated

ith th ived b h th h
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20 line-cutting data in the character identification database 470, as
indicated in TABLE 3, that the character is the number 8. The line-
cutting data comparator 465 then provides 545 the number 8 as the
identified character 475 at the output 480.

The optical character recognition system of the present invention

25 as described, can advantageously be performed with an ordinary
desktop computer, such as an Intel® Pentium® powered machine and
the like.

This is accomplished by applying an external boundary tracing
process using chain codes on a character pixel cluster to determine

30 external features of the character pixel cluster, and then applying a
line-cutting process on the character pixel cluster to determine internal

features of the character pixel cluster. The results from these processes,
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10109 () whgrlloc/?%m ared with the known external and internal features of a
predetermined number of characters, allowing a character among the
predetermined number of characters, to be identified.

Thus, the present invention, as described provides a method and

5 apparatus for optical character recognition, which overcomes or at least
reduces the abovementioned problems of the prior art.

It will be appreciated that although only particular embodiments of

the invention have been described in detail, various modifications and

improvements can be made by a person skilled in the art without

10 departing from the scope of the present invention.
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1. A method for identifying one of a plurality of predetermined
characters from a character pixel cluster, the method comprising:
5 a) determining external character features in the character pixel
cluster;
b) determining internal character features in the character pixel
cluster;
c) comparing the external character features and the internal
10 character features in the character pixel cluster with predetermined
internal and external character features of each of the plurality of
predetermined characters; and
d) identifying the one of the plurality of predetermined characters in
the character pixel cluster when the external and internal character
15 features of the one of the plurality of predetermined characters are
substantially similar to the external and internal character features in

the character pixel cluster.

2. A method in accordance with claim 1, wherein a plurality of
20 external character boundaries that are associated with the plurality of
predetermined characters, and wherein step (a) comprises the step of
determining one of the plurality of external character boundaries in the
character pixel cluster is associated with at least one of the plurality of
predetermined characters.
25
3. A method in accordance with claim 2, wherein step (a) comprises
the steps of:
al) determining a plurality of external character boundary
pixels that form one of the plurality of external character boundaries in
30 the character pixel cluster; and
a2) determining relative positions of adjacent external

boundary pixels of the plurality of external character boundary pixels,
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4, A method in accordance with claim 3, wherein step (al) comprises
the step of determining intensity level of each of the plurality of external
character boundary pixels is greater than a predetermined pixel
intensity level.

10
S. A method in accordance with claim 4, prior to step (al),
comprises the step of determining the predetermined pixel intensity
level from at least some pixels adjacent to the each of the plurality of
external character boundary pixels.

15
6. A method in accordance with claim 3, wherein step (al) comprises
the step of determining contrast level of each of the plurality of external
character boundary pixels is greater than a predetermined pixel
contrast level.

20
7. A method in accordance with claim 6, prior to step (al),
comprises the step of determining the predetermined pixel contrast level
from at least some pixels adjacent to the each of the plurality of external
character boundary pixels.

25
8. A method in accordance with claim 3, wherein step (a2) comprises
the step of determining a chain code of at least some of the plurality of

external character boundary pixels.

30 9. A method in accordance with claim 3, wherein the internal
features comprise a plurality of internal character boundary pixels,

wherein step (b) comprises the steps of:
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11. A method in accordance with claim 10, prior to step (bl),
comprises the step of determining the predetermined intensity level

from at least some pixels adjacent to the each of the plurality of internal

20 boundary pixels

12. A method in accordance with claim 9, wherein step (bl)
comprises the step of determining contrast level of each of the plurality
of external boundary pixels is greater than a predetermined contrast

25 level.

13. A method in accordance with claim 12, prior to step (bl)
comprises the step of determining the predetermined contrast level from
at least some pixels adjacent to the each of the plurality of external

30 boundary pixels



"10% #& ()-. ' 10% #& ()-. ' 10%#& ()-' ???2?@RE, 4. ' 10% #& ' 10% #& ()-.
'10% #& ()-. '10% #& ()-. '10% #& ()-'. '10% #& ()- @@ @ G @AC, 4. ' 10% #
7L1 10% #&' ()- y5 10 #& ()- 1,2 10% #& ()- 3110% #& ()-.

' 10% #& ()-' @BABATASA A\ B/ VU4 p% #10%#& ()- p- #10%& () -

y10%;#&' () - 101 #- 101 #1001 # | : M 10% #&' () - 2510%#& () -/ CxCCTDD E, F|[ v p y
#10%#y&' ()-p N@10%& ()- M 10%#& ()- "M 10%& ()- | #10%& ()-

YM 109%#& ().-, Ft F FG‘ 973 #10%#& L! 109%#& 10‘V
Cowa ()< Tol hoRetipe ify G DG G b ersipy steb (52))

;]1-8:%13#08/‘#(&) (@%?ﬁgﬁgﬁgﬁgm@ dczt'e'rljrgﬂ#ﬁ‘g(lhét the one of the plurality

kqlkql09% #&ér@iekmﬁ%dt&a(r)aﬂlgemm of) pikglsD ¥ @i de)s- Kl OYIE85( priegdDUhEE () -

BICCEIGIIKILLI"

#3P) kq109 ARYT ?ll%’q%%‘i@&nﬂ chaieier LNIRYIRKES: () - #3PLI M NI PI RI SI Ul dHVUS

#3Pkq10% #&' () - #3Pkq10% #&' () -kql0% #&' ()-kql0% #& ()-kql0% #& ()-U W YI I\

11~ { _CvUs

#quog/a #8& (15.( ki oadet®od) -iti3BlcgbOdhH&E ( Wwikly10P4itg [4; keheveis tep* (b2l cl el
il _?vU5

2@100/{ #& (OCRBIGESH#ENE ) SteR1 6% Iermining vk #Re (& q@bHeertyrali® of m ni p

I ricCvib redeir ed arrange ts .of Is include B’ke 6%3 t one

#kq10% #&! (3 TR PrEARETRERIT I RITEH rBAoss s, B6oe a8t PP PL R w1 ¢

]l <vU5 plurahty of internal character boundary pixels.

#3P) kq10% #& () - kql0% #& ()-kql0% #& ()-kql0% #& ()-#3P|1}1~I1111dHvUS

#3Pkq109 #& () - #3Pkql0% #&' () - kql0% #& ()-kql0% #& ()-kql0% #& ()-1111111{_

#?I:qlo% s ()2 (kg1 OO HE D) BRI a8 b SRRETRRSRRS- T 0 11 oy

plurality of predetermined arrangements of pixels comprises a linear
#k 10% #& kqlO% #& ql0% #& #3Pkql10% # kql0% # LITiirr{_Cv
U5q (ezrra%gement g) pklxels extergcllng thlgough tﬁe ():haracter gix(e] cluster, -

FRA10% #& (A AR AP o8 O b QA e AR @V

#kq10%1#& (drrédigead&in 6% pixdiqLioditdes) the MW et&t( dnkad D Mhie&pliralésd~ 6 L MoNp
NgNr N| [ NA4LOf | #F 10f | #f 10f 1 #f #10% | #f & ()-  _ #10% #& () - F1000d NG () -
#1090 #N&' (9xternal ohipracter PRUNGRPRXRIHeIN NG detommining that dheslnpeas -

oo ()- taﬁﬁ%‘%ﬁé&) y DRSS e R iﬁ%@ﬂf% PIgSRier) -
#10Wm#o&()1ntmmmwwﬁnd @ Ofs() - | 1098 () - & 10%& () -

1 1094& () - S109%*& () - 10#10#MMKXXYEY| [ : A410# ss10%& ()- S10%& () -
&310%& ()- 10%t& ()- M 109%& ()- , @10%:& ()- EYOYWYYY2ZxZ| [: A410#

L oon A . PRI accbABHEE S ki et S@%"%ﬁ%&e‘%ynsss

109%#8&' () - (11&13@0% s(Qf V' #10%t& () - \M\\]\]]]|[ -410# 99L! 10%#& () -
T#10%& ()-  5109%t& ()- F4, 10%t& ()- 2L! 109%t& () -
09! 10%1& ()c})] | |determinings the! oowof( the plavedéty Jof extevgal (gharacter

1 10%¢& () boﬁn&gr §‘1£1)the %gl#é\c/\wrpﬂtel élhs’?‘é‘rlps#agslocﬁ&cf lmth at least one

of the plurality of predetermined characters;

25 ¢2) determining the at least one of the plurality of predetermined
arrangements of pixels in the character pixel cluster is associated with
the at least one of the plurality of predetermined characters; and
c3) determining one of a plurality of predetermined arrangement data
from the at least one of the plurality of predetermined arrangements of

30 pixels in the character pixel cluster.
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a character boundary chain code comparator coupled to receive
the boundary chain code and coupled to the character boundary chain
code database, the character boundary chain code comparator having

20 an output for providing at least two of the plurality of candidate
characters;

a line-cutting instruction database for storing the plurality of
candidate characters and a plurality of line-cutting instructions
associated therewith,

25 a line-cutting determinator coupled to receive the at least one of
the plurality of candidate characters, the line-cutting determinator for
accessing the line-cutting instruction database and for providing at
least one of the plurality of line-cutting instructions associated with the
at least one of the plurality of candidate characters;

30 a line-cutting processor coupled to receive the at least one of the

plurality of line-cutting instructions and the character pixel cluster, the

line-cutting processor for performing the at least one of the plurality
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a line-cutting data comparator coupled to receive the line-cutting

data and coupled to access the character identification database, the

line-cutting data comparator for comparing the line-cutting data with

the plurality of line-cutting data, and for providing one of the plurality

10 of characters as the identified one of the plurality of predetermined

characters at an output.

20. An apparatus in accordance with claim 19 wherein the character
boundary chain code comparator further comprises another output for
15 providing one of the plurality of candidate characters when the
character boundary chain code comparator determines that only the
one of the plurality of candidate characters is associated with the
received boundary chain code, wherein the another output of the

character boundary chain code comparator is coupled to the output.



