1 2 6 APR 2005 METHOD AND APPARATUS FOR OPTI CAL CHARACTER RECOGNI TI ON Fi el d
of the Invention 5 The present invention relates to optical character
recognition, and nore particularly to optical character recognition of
characters on license plates of vehicles. Background of the Invention 10
Li cense plate recognition (LPR) systens are known, and essentially
conprise a vision systemto capture an %mage of either the frpppr W5 rear

of a vehicle, or both, which includes the vehicle's |license plate, and

provide th i ’ i rocessing systemfor 15 |ocating
t he Iicens@%ﬁg?élﬁ :A(riltu? Wﬂﬂﬁ Pﬂ@ﬁ@%\%@%ﬁ%ﬁﬁ&%@@@@ on the
| icense plate, and providing the characters for further post processing.
Such post processing is dependent on the application of the LPR, and in a
typi cal car parking applicati ofielidhef qosinwmiessi ng can include | ogging
time of entry and departure of vehicles, and 20 conputation of parking
charges due. The captured inmage or frane conprises a matrix of picture

| . red i m . ri ses picture
andom acces nanbrye e tiotk SE5 e Ra e EDEHRl o ap Al ati on

to each pimereipartipikely det aptienl heh #6285 8dcoAtion cSthicﬁagéct’«‘%lé’ o-ﬁ

sof twar e qro ram.can be used to assess the data of the pixels o the
captured i’rﬁS"S’é? Rlatepakeehislesa predeterm ned algorithm such as are known
in the art, the programcan |ocate the cluster_ of pixels that constitute
the image of the license plate. The pi xel data of each pixel includes

information on the pixel's Bekigreindasikhnivedtieat i on of the 30 intensity
Ievelﬁgf the pixel i.e. the extremes of light or dark, or levels

therebetween. 2 2 6 APR 2005 Upon identifying the cluster of pixels of the
license platerplcésd Phate recognition (LPR) systems are known, and essentially

comprise a vision system to capture an image of either the front or rear
of a vehicle, or both, which includes the vehicle’s license plate, and
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 clus.ier_ 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

therebetween.



license plate cluster in the captured inmage, the next step is to determ ne
the character pixel clusters of each character on the license plate, where
each character pixel cluster conprises a group of pixels that 5 provide an
i mge of a particular character. Again, with the particular know edge of

t he arrangenment of characters on a license plate in a particular country,
a software program can deternine the spdcific character pixeh Aek @Eers
that constitute each of the characters on the I|icense plate. 10 The

fol I owi ng st epUpen idéwdfyingythehehmhiar agtsikeld boheagkerde blite £hafREt er
pi xel -clust.ers. Known nethods of perforning such character™ recognition
i ncl ude botfReRPS PlatesIHg e imthmerpbited iphged, thieusext stepiisgo ddtermicedes,

< o cring el U Nedhe oLl t
Ment i1yt P8 GHHEELY HIREACTASIH of SR, fflaBhtler Shothe diighen: Afales oh a
| i cense pIWﬂ'mreeﬁisht@é&%d‘t@ﬁ%ﬂélzéﬁlét@r%d&hﬁ?iée%aéoérpo%p%‘f i%Hls @ﬁ%@; art

systens_require higher perfornmance conputing platforns than that o

deskt op® coRRMIEE, a3 yerage oA parécylar ceataatetr fAgapoweitinmbhaipetiduldeed, in
sonme syste hcat jgi.tal signal ,processors (DSP) may be enpl oyed. 20
et anmins MRAER S Sk B eSS oL BRESRRRG pbrd hetis FIpthi b a
met hod_andpapletiiteol@itry DRl isohlw A 6ReAnT REGOM L ARInWNIE Pegifoes Of
at | east reduces the 25 abovenenti oned problens of the prior art.

Accor di ngl §hararteneizehebestersdhpt exarstitiute exatdloof pheviliesdersrethtige f or

identifyi one a plurality of predeterm ned characters froma
character n%?%rgﬁe ﬁa&gt er, the nethod conprising: a) determ ning external

char acier | ool eSOl ihg Sl BeloTaphsy rOcthiets nCRhABANG. oo
character pixel clusters. Known methods of performing such character
recognition include boundary tracing of a character pixel cluster using
chain codes, and computing intensive processing including artificial
intelligence to identify the characters. Due to the inherent short time

15  within which a license plate needs to be recognized in a practical LPR
system, prior art systems require higher performance computing
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;



c) conparing the external character features and the internal character
features in the character pixel cluster wwth predetermned internal and
external character features of each of the plurality of predeterm ned
characters; and 5 d) identifying the one of the plurality of predeterm ned
characters in the character pixel cluster when the external and internal
character features of the one of the pBurality of predeterifh@pR tbaracters
are substantially simlar to the external and internal character features

in the cha)act eonpparghgclliet €xterh@l! sharather faspees hie RhesHMerhayention
provi des an, apparatus for _identifying one of a plurality of predeterm ned

char act er sSChABRTIET iCRAHERS dh Hiehachatare pixel helusppavatspoatateimimed  an

i nput for LV cter pixel. cluster; a boundar rocessor. for

rocei ving VRGBAL Y (ERRAM iRl Soat s Bl ol o BebalnEaY Chai n

code; a chpraddtermineddyactiasnapngde database for storing a plurality of

boundar¥ cgai n codes and a plurality of candi date characters associ ated
h;

t her ewi b chigleadifzing she eaeyolcthd plumdidy admpadetaminsdbtdradersenei ve
20 the bou r i d nd.coupl ed to the character boundary chain
code dat abgg%di %g%‘é%aﬁg’ﬁeﬁeal%éﬁﬁdgt??nc EX%HQ?&%FL&F%?%}’Hh y’f?&"’-e’én
out put forfepitoyesiciotiad JrRash ﬂi@p%rélﬂ?atef ?@Hb%&rrﬁfn&f‘%aq?%‘éers are

characters; a line-cutting instruction abase for storing e plurality
of 25 candibatantidlly stmiles tentheeptamall iand ddterhné chisrhitey feastrascin ons

associ at ed with, a l.ine-cutting determ nator coupled to receive the at
| east one %1#‘418{'%5&%%P¥?1t§u8?ercandi date characters, the line-cutting

provi Aing a1 30, Gaar ane or i DRy PR Rl A SRR s 0
associ at edidfintifying ome ofastplomelity oherpdetaiminedfclearalitdas efroharact ers;
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 tﬁe 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;



4 2 6 APR 2005 a line-cutting processor coupled to receive the at |east one
of the plurality of line-cutting instructions and the character pixel
cluster, the |l|ine-cutting processor for performng the at | east one of the
plurality Jline-cutting instructions, and the |line-cutting processor for
providing 5 line-cutting data; a character identification database for
storing a plurality of line- cutting dafa and the plurali tyzcﬁfAPR 2005
predeterm ned characters associated therewith; and a line-cutting data

conpar at or couphdthd-outéngi pcebeot coapted td Receidtaheld Rt GAHPbEEhL O
access the haii%gt r.identification database, the line- cutting data
conpar at or P r?g Meguties ingEveiictisngnddhe dhanactere pixsl wlastery tiod

line-cutti : i di the pluralit h t
the i dent i Tosd g phopted B BEM8:ANGeling AF Bl Brie X She aritifalitln ° *°
out put . 15liBeicefttives tnstruictionsd, die tBealhBgsiihEPhogk S R pfe&ﬁdﬁgsent

invention wll now be nore fully described, by way of exanple, w
ref ererce FRCTORKL t@gs of which: 20 FIG 1 shows el enents of a typical

i | at L1.i.qQn: . FI h f. f @, di
obt ai ned by £ net 11 eareiet iR rion Mt BRSCIAR sfrihEm allmalit & IaCshous

an enl ar gecuttiregvdeltatdred | theepReraltjtsf pRIddtePmPhed Nehare@pi Y 88sdd1BER I N
FIG2; 25 FIG 4 _shows a functional block diagram of an optical character

recogniti o@%?%’ﬂ@hw accordance with the present invention that operates

0 e IR P SRR LS LA FL G i LG o S Ay v her
Gy Sould Gouhoans S5 an S e RN QLo USE Shcrpite
recogni t i gitting data comparator for comparing the line-cutting data with the
plurality of line-cutting data, and for providing one of the plurality of
characters as the identified one of the plurality of predetermined
| characters at an output.
15

Brief Description of the Drawings

An embodiment of the present invention will now be more fully
described, by way of example, 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




systemin FIG 4; and 5 2 6 APR 2005 FIG 7A and 7B shows an enl arged vi ew
of a character pixel cluster of the nunber 8 that is provided to the
optical character recognition systemin FIG 4. 5 Detail Description of
the Drawi ngs A character recognition systemin accordance with the present
invention first uses a boundary tracing process to determ ne external
character features in the formof an oubline of a character pjxepp myster.
10 Then, a subsequent selective line-cutting process of the character pixel

cluster is perFIGeA drd ¢8 SholiRean AR FBRAT 4CA @halr8atdt Sixel BRlster
identify the particular character represented by the character pixel

cluster. ACLHaE MEwhsrd@ rthaddist poownithd hahacpdicadi dedrasitas trecogyitidre
boundary t Lng. ess is used to determne a representation of the 15
outline oféﬁgﬁgﬁgﬁg 2’1‘ pi xel cluster. The chain code is then used to
identity candi date characters. Wen there is nore than one candi date
character associated with the chain code, then predetermned line- cutting
instruéions associ at ed wlétailHeesenpliidated theddzotiergs are applied to the
character pixel cluster. The line-cutting results are 20 subsequently
conpared with possible outcones for the candidate characters, and one of

the candi date gha{AGlRES rbéogﬂﬁ%ﬁféﬁenﬁn@ééorﬁ%?fc%%ﬂghr&?eog)@ieéér?{‘
system enpl oys external boundary tracing uUsing chaln codes anhd ITreé
cutting, wmvehtwmrefirst aisesea danyndary prauiegprocess aonPefeminchexteiaaent

i nvention gan advapt ageously. be 25 perfornmed with an ordi nary _ desktop
conput er, C3&F gﬁ?%g‘ﬁ?%lne the fegm PE Ay UBiGerld Ghathcher RSl hasterke.

Wih rief erERes, hudequbntddyRiraling CiRiny 3608 POIRHASE8 A pikkp! On

system 105 and an i nage processing system e vision Sys
i ncl udes celmster is5Spevforotedrtoviddésrmine datesignahadlctapfesentisnghahe
tever .the canera 115 is directed at. The _video signal is

i mage of Wga
provi ded t'GCRHYRE Hratbwarar ghagacist repessanieggbyethe charactér pixel

cluster. A chain code derived from the character pixel cluster by the
boundary tracing process is used to determine a representation of the
15 outline of the character pixel cluster. The chain code is then used to
identity candidate characters. When there is more than one candidate
character associated with the chain code, then predetermined line-
cutting instructions associated with t‘he candidate characters are
applied to the character pixel cluster. The line-cutting results are
20 subsequently compared with possible outcomes for the candidate
characters, and one of the candidate characters is identified.

As this character recognition system employs external boundary
tracing using chain codes and line cutting, which are relative easy to
process in a computer, the present invention can advantageously be

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

With reference to FIG. 1, a typically LPR system 100 comprises a
vision system 105 and an image processing system 110. The vision
system 105 includes camera 115, which provides a video signal

30 representing the image of whatever the camera 115 is directed at. The
video signal is provided to a frame grabber 120 which, when triggered,

captures a particular frame of the video signal, stores the pixel data of



captures a particular frane of the video signal, stores the pixel data of 6
2 6 APR 2005 the captured i mage, and nakes the stored pixel data avail able
to the image processing system 110. The canera 115 conprises a progressive
scan camera, nodel number CV- M1 OBX canera manufactured by JAl

Cor poration of Denmark. The frame grabber 120 conprises an IC 5 ASYNC gray
scal e frame grabber card manufactured bg Coreco | magi ng | nc.7ohPRCAMRda.
The i mage processing system 110 conpri ses a desktop conputer running

sof twar e ptiegrapbulddtn Ry ifded trHﬁkQ@%rethJrHa%f)&P%fét&yava%heor%ggtﬁf{r(]lléé) P wher e

conputer can conprise a Pentium |V m croprocessor powered
I ntel |nc.TBRgE REoCrssing Hisdersdp. Aner cameraridffaconrmises Aqpridghédgive | V

m croprocessor. Typicall t he des omputer includes a controller 130
t hat !Os co%%%&af%eofé‘ecfﬂeéébﬁama ?ﬁ&f‘ pm&%%mﬁt%mwufwur%@ ghhbber
120. I n addbti i r { c t e nor
135, read-onl%%tﬁgﬁsoﬁ%gﬂ%%ggbrﬁ% frkriﬁ)rrné3 %ggéggfs%%%@% ,agln hse?/

i nterfdce ABYNCrgeaypeakt fmmm)grabber desd tmeanatquied Bys Coheyd Ifhaghile
skilled inﬁthe gt q?nd will not be further el aborated here, except where
such det ai ns°'§’£ 18294 the descri ption of the present invention. Wth

eTerence Lo R i@dhepk R a0, Libt LA a0 U AR o HlghfB0° 200

of the front of a vehic wher pture nage | icle's

license platepingssefioare fivgraap thet provge ties desiredRin&tidgalefy. 788& by 578
pi xel s, anéi%%}(ats a resolution of 8 bits per pixel. The inmage can be
capt ured, QRFPPRULGH AT FempEkicc RPertigr B¢ treicropppeesssi pgwearedent ry

Gantne! begingSiberiobcrof oRsSidd e, 5 MRATT AR AR Lo

i denti fi esthe Rwortiion BOOméérdprecespbr ey pivals, 200 tdeskiope|wdgputde.

| icense pl.ate. ; The portion 300 of the captured i mage 200 is 520 by 160

pixels in? Ci‘é‘?es FhFOHECes d13Q that dp epuplasl Itp caerassprade cpnirolt the

license pl@&aRiotebf the image grabber 120. In addition, the controller 130 is
coupled to random access memory 135, read-only-memory 140, one or

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 fhe.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-



30 cluster size 310 is 230 by 48 pixel. Processes known to one skilled in
the art are then applied to the 1license plate pixel cluster 310, to
identify character pixel clusters 315 7 2 6 APR 2005 322 of the characters
in the license plate pixel cluster 310. Each of the character pixel
clusters 315-322 is then nmade avail abl e for character recognition
processing. Wth reference to FIG 4, aZfunctional representdbiAfR 2860 of
the 5 inage processing system 110 conprises an input 405 for receiving a

character PRRedf iHeusharacttds ihbei ligurisedPte pigolghedet 618, IRubidaf Yhe
processor 415 that p,er{oorms a boundary tracing process on the character
pi xel cl usPBRT2ALET AMdehrbisiges A as yhenpamadeodeaidableofor sharagiar

boundary chgl ) cter boundary chain code 10 conparator 425 has
a first input nﬁggﬁi%%g%%%ﬁ d to receive the boundary chain code 420, a

second input tWithirefeemeetb RIGR 4har AtiGionMOHsi¥¥ntABbA g40deodaiabase
430, and a, third output that is coupled to the output 480 to provide an

i dent i f9 ed"BREP RUMCEESATE sYRECTBoLhdaegmpeisgisrar ddpwt 2005 dor esesiwngxa er nal

character o) xter char act boundary.of a gcharacter in
t he char ac{:%fg}élp(irtgglpl%Fggpg?teﬁlzg?b' ﬁber én]PHg 4%?%89@@%/@ Gné ﬁ@ugaary
predet er m peeceysdir & 15e!teelitePedfdtls Oh beRABGYCSacihe rBREast 6h Piandary
chai n code database 430 stores a variety of candidate Character(s)

associ at ed°hfarten@ixelf clustehdlifdang mivaides 2bautbsy ¢haar todel4®0 boundary
chai n code kS nunbeyr of external character boundary. pi.xels, can be
uni quel y a%)g%glpl aleggl\fm‘a‘tdﬁrg CHAY Eeﬁagr lilh%}?%cgpr e]P%HE‘ ,aréfe{/@@t“il ngP4fe
parti cid ar chgiprdatyr ChabNhagode fakk OWsp N HRA td WhableaNabast&Livkote

identified without the need for further processing.” In such an instance,
t he i dent i bpasdanacheircodzst20 sa 28cohdninpusvihaeds iepuphed ¢har abasactboundar y

e PO opSRHBALE Shu R Rt 4801 R Rl SRl R ELer
to the output 480 to provide an identified character 475. The boundary
chain code 420 represents external character features or an external

15  character boundary of a character in the character pixel cluster 410,
where the character is one of a predetermined or pre-selected group of
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 0 and 8, 1 and 4, 7 and 9,

Jand U, Cand G, and M and W.



However, sone boundary chain codes are associated with nore than one
character, which are referred to as candi date characters 435. 30 Such is
the case for the candidate characters 0 and 8, 1 and 4, 7 and 9, J and U,
Cand G and Mand W 8 2 5 APR 2005 TABLE 1 bel ow provi des the various
boundary chain codes and the associated character(s) that are stored in
the character boundary chain code dataBase 430. The boundar y? tihBR Mz ode
colum lists the various valid boundary chain codes; the type col umm

i ndi cat es whet TABIdDdi belowe pevides the varidias Boaidla®yichaif@bde@raiahe code
8i.e. AAHis used, for the particular boundary chain code. The character

col umns i n@seesiatedhchagagteals) dhas argssfocediindhei ehanastephotindarrachssundar y
chai n code ' i hai h ¢code col um. 10 in_ .
coneTypocacatb e apast 436, PRU SRR Rt okl ion SR B rrReE caraco
..... FDB MM SIGEACERARSD CBAGE AR ; GhECAlp CORAR AEGAREL ARAEREA ZHahiDBFEK
GCHCGE8N GCHDBDESR HBCFD8V )
5 vcode 4 1e. A, C, E and G is used, or chain code 8 i.e. A-H is used, for
the particular boundary chain code. The character columns indicate the
character(s) associated with the particular boundary chain codes listed

in the boundary chain code column.

10 Chain code Type Candidate character(s)

GACE
GCE
GAGCE
GACGEC
GACECAE

Sie|cijo|n|w

GAGEACECAE
GACECAE
GAEC
GCACE
AGCAE
AGAECE
GCHDBF
GCHCGD
GCHDBDE
HBCFD
HFBHDBFD

(oodfecjee]fecifocJE NP N NP N F-N NNl JE-NE-N NN N NN

X|<LIOZ|XIN|HIBr|o|loZ (0| |o

TABLE 1

The character boundary chain code comparator 425 compares the

15 boundary chain code 420 with the variety of boundary chain codes in
the character boundary chain code database 430; detérmines when
candidate characters 435 are associated with the boundary chain code
420, and provides the candidate characters 435 to a line-cutting

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



HFBHDBFD8X TABLE 1 The character boundary chain code conparator 425
conpares the 15 boundary chain code 420 with the variety of boundary chain
codes in the character boundary chain code database 430; detern nes when
candi date characters 435 are associated with the boundary chain code 420,
and provides the candidate characters 435 to a line-cutting gdenpymhator
440. The line cutting determ nator 440 Bas a first input 9 2 6 APR 2005
coupl ed to receive the candidate characters 435, and a second i nput

coupl ed t ocauplatetouerceivg thstcandidate dhahases4455, Enel hi seoid ihpat
instruction d base . 445 stqres particular candi date character associ ated

a parti cul SPUBSEhERJiesttingdestaldionsdataasa 4#8s corr espondi ng
pr edet er mi ned 4peq; F G A NS j i_ate i th the part.icul ar
boundary chai n’t‘}cl(e)dgq’g;ﬁgl{lgleﬂ%zh#%{:ggﬁ 2%%%1 3§%eq§#ar 8{8%5%@88@ when

there is noardidwdn dreracaadbdsdeiatedar pargeukdShotingaky RereGHtdddRY and
determ nator 440 uses the candidate character 435 to search the
line-cutti ﬁ&q FPFER 1GURCERPREARE R etsTIUNE: dine-Chting ivspormdions

i ne-cutti ' Y : en ovides. the |line-cuttin

i nstructi 0%95465&3%%&13%}? E}elfel?g%rtt%ga%:bc%]ergiw ‘g%%l.n ‘f’ﬁéﬁ @rﬁfﬁé? R ’%b\}"f“des t he
various cacakdiglatedteareiters Heflct N&hais $REIATSInbiIRhaH! bhOTNEHANCT | ONS
that are stored in the line-cutting instruction database 445. The

candi dat e hAFatEBAS ot erling-sustingedeBrvzinadas 4thdisist the laratitlets; and
the line-cutti ' t] o ndi.cates part.icular .line-cutfing
instruct i onségdskggt?gstgeggvé%%%%gwggﬁ !Ckﬁlflglg ’(,Ihﬁjfgﬁlﬁ P8 éﬂéﬁ%ﬁeeﬁggl f%t ed in
the cardi datete tiae gotisponcivhy lihe-Eattehdah SroRALAC B0 ShhAGheH! bidvdes
instructi or%ls Q8Central vertical line 14Central horizontal |ine

the line-cutting instruction 450 to a line-cutting processor 455.

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% 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 405. The line-cutting processor 455 then performs the line-

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



791 s quarter horizontal lines fromthe top JUCentral horizontal |ine
CCCentral vertical line MMst and 3 quarter horizontal lines fromthe 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 405. The line-cutting processor @?R wgn
perforns the line- cutting instruction UY50 on the character p% ster
410, and provides 10 2 6 APR 2005 line-cutting data 460 to a |ine-cutting

data conpatiacecuttfitg dete #460eto aulihiégittiticd 468 RAPLIBRY 46HeTeR! ihed
results. In ef,fe(gd} when the line- cutting processor 455 performnms the
| i ne- cut t i AYtERgGAIR1IRM caBmrises lingemtitiigrests. Jar effeatl avhdn tlee tihepi xel s

f th h : ' I 5 [ f .t he. i f.ied "cutti
Lo oSSR BLOlsh TS Pty s el SR T RRES st '
line-cut ti iprpifieesisopatbionldhine cIbiREN BEEhé thary @k (ik6l Blugks 490, t he

line of pixels in the character pixel cluster 410, constitute piXxel $ that
are par? ofPhifk fermsutherspamified t‘egtingslidet et ed¢cosdahcanwith ctirer Enee i s

f dt t" i 10 "cut’. The |ine- i ng, dat
compar at or S48, stEnelion, 4afuThY, nittititinia, Pragethia 460, aHiCh o
coupl ed t odeseasines i€ hafost 8le hbaRM bfitRatlifnof 9&&9?@%%7 arEQ?erC?g{e?Ct er

identification database 470 stores particular candidate characte
associ at edchster A0, i eomsiituso prigelsythel ateaparcofiese cdtaoneterc Whespibisli ng

predetermned linescutting data 460 assogciated with jhe candi date
char act er si,.é gﬁéfcgg%’r ggct}a&?ioé:ﬁl'“gfen?edé%lr ?fqré‘?f?éﬂaﬁsaét e CHEReE SiRply
| i ne-cig tifngitdata conparator 465 uses the line-cutting data 460 and

searches the line-cutting data in the
The line-cutting data comparator 465 is coupled to receive the line-

cutting data 460 and is coupled to access a character identification
database 470. The character identification database 470 stores
particular candidate characters associated with particular boundary
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—cﬁtting 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.




character identification database 470 to | ocate a correspondi ng 20

I dentified character 475. Upon |locating the corresponding identified
character 475, the line-cutting data conparator 465 provides the
identified character 475 to the output 480. TABLE 3 bel ow provides the
vari ous candi date characters, the associated |line-cutting data, g
associated identified characters that 145 are stored in the chzﬁa@% P%
i dentification database 470. The candi date characters colum lists the

various candi date ciCamliitates; {he Lind@uttiig dath dat & ¢@éntifled NHi cat es
particul ar |ine-¢utChagad¢teps!l t$, or ( gt&cﬁgfom at “chhPaﬂ;tEPe particul ar
candi date character gTsted gm {he CAnmdIrgatre Ciar aciers (i umm and the
identified character coljum 30— ndicatessthe—correspondtipg—dentified
characters. 11 26-APR 2065 -Candi-date-He-—cut-ting datatdentified
Characters(No. of cu s)char%cteLnRAﬂ 6821421 44 7927 49 11121 4U CHAC 6G
Top outer width [s equall ar ess_than4he bottom|outert
7 9 2 7
4 9
J U 2 J
4 U
C G 4 C
6 G
M W | Top outer width is equal or M
less than the bottom outer
width
Top outer width is not w
equal or less than the
bottom outer width
TABLE 3
5 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 comi)arator 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



Mw dth Top outer width is not equal or less than the Wbottom outer w dth
TABLE 3 5 Wth reference to FIG 5 the operation 500 of the inmage
processing system 110 starts 505 with nonitoring 510 the input 405 for
recei pt of a character pixel cluster. Wien the character pixel cluster 410
I's received, the boundary processor 415 determ nes the external character
features, by determ ning 515 the bounddry chain code 420 from7tEh&PR1005
character pixel cluster 410. The character boundary chain code conparator

425 then cenppd@sriheuRadprdanainhabde C&ﬂﬁﬁ%&?to‘f" 4Bst ri—?owg gwﬁgﬁoﬁ'?é bl e

boundary chain codes in the character bouhdary chain ase 430.
When the celaaraater hmundary chiaan ncadte eoanpmartat er2 3 2 téimdised 525 1hat
boundary c&gl n code 420. in the character boundary chain code database 430,

t he charac errebbﬁJHa%l?e;/?hﬂal ANE S ré%ﬁ%@m%ﬁh&f@ctﬂeﬁss@l@ﬁ&%m@b the
cor r espondbg@naapdichaie c%ﬁ@r@%(g efd ):aﬁa Eac,lh g’a\é'{érjg 4§§%[ gopur?f%?%ief hai n

code 420. Wen the character undary ¢ n co conpar a ®rm nes
525 t hat tﬂeﬁrbnﬁs:mgdﬁreespnadmmg490 char acter associated with the
boundary chai then identified character 475 is Br ovi ded 545

. 420,
at the out put nﬁ%é EHe1tIng ?\W@mt%lhaﬂ&& eflepetimdaey cha
conpar at or pAzfe tHRVRNG - 11r‘{‘€%r1'1tttf}§g ﬁmE h%Elsb%B’a%%?‘;cgﬁg? Cwﬁf@g’ar ator

425 determ nes 525 t hat ere or € an one cor
associ at edcandidatbechdrewnetar ¥36hfiom codelihdutthes @ﬁﬁﬁﬁi&i&@ Bataisigs s 435

are provi d‘?‘?S and5p£(?\gdlels r%;leqecllfrtlélcrll.%:tpnggt ?rgsr?rggélggsﬂng to the line cutting

10  processor 455. This is to determine the internal character features of

the character pixel cluster 410. After the line cutting processor 455

performs 535 the line-cutting instructions 450 on the character pixel

cluster 410, the line cutting processor 455 provides the line-cutting

data 460 to the line-cutting data comparator 465. Using the line-cutting

15 data 460 the line-cutting data comparator 465 accesses the character

identification database 470 and compares 540 the line-cutting data 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
5435 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 4104, 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



The line-cutting determ nator 440 determ nes 530 the predeterm ned
line-cutting instructions 450 associated wth the candidate characters 435
fromthe line-cutting instructions database 445, and provides the
line-cutting instructions 450 to the line cutting 10 processor 455. This is
to determne the internal character features of the character pixe

cluster 410. After the line cutting prot®ssor 455 perforns 535 APRE005
line-cutting instructions 450 on the character pixel cluster 410, the line

cutting preéossand thebnDhgNeAes dik@s! Angidits I
| i ne-cutting data conpar at or 4(%. Usi %ﬁe le:&%gcgﬁl?el ?gl%fgfbélgt 3{%% he
line-cutti ﬁlgedamaltmgwplaam 60d46S: accesses the character identification

dat abase 4 K e lipe-cutti ata 460 wth predeterm ned
line-cutti %’g;gg Z’Cﬁgﬁgﬁﬁé’é&fﬁar%%%%ﬁgat‘&ér&f\%eé%%ﬁliSng;‘aﬁt GB«Cin the
character identification databas Fng- cutting data conparator
465 determ nes the correspondi ngEng(gg!%DIQﬁ,;Eéi, OEchar acter 475 associ ated
with the |ine-uninhgudacauwitf dnde pirvisdesset s thhecksleniddf fqdagharact er
475 to thetout E)ut 480. gje operatjon 500 then returns to nonitoring 510
recei pt of HHEICGHONS: Tiis hernpithat oaly the direstions dindenbazingiat leaised
above. Wt pef I I t1.Qn..of e nunber 0 25
froma char a‘éet%eﬁﬁ‘giwngé %loglss%re%@i{hd Fﬁ%%@%?%%ég%ﬁ}%n t%ﬂ]éeepp &eiﬁfar ©

i nventi on, igidrednéppilgirdeshis bedheWiedint bed@iakelvectessiy irf 1AA folohesgel ved
510, the bOﬁndar%{ processor 415 determ nes 515 a boundary chain code 420A
fromthe CHAHEPS pixel cluster 410A. This is acconplished by first

i denti{ying 30 boundaryapi 46l &; r j LK then, starting at
the top left hand rmstGgéﬁgdgrlyégiég’?‘%i&flar&p‘}ééi’%ﬁgfe% Code, with ACEG,

tracing the pAdting upotheddirgctioxdisksiabbge tfredobas fheadmididogiet i onal
reference 13 2 6 APR 7005 605 and the nunber of pixels aligned in each of
the directions. Hence, the resultGwA8HaPEZode is:

&3, E G/, E KA E ﬂoﬁ%irgg’ﬁe%rﬁ%sqr% CE’H%B’CE%&@’ c%&g’ ’Ell;bOCVSé %r%’d%c%’s the
resultant boundary chain code 420A below:
15 GACE

When the character boundary chain code comparator 425
compares 520 the boundary chain code GACE (420A) with the various
possible boundary chain codes in the character boundary chain code
database 430, it is determined from the character boundary chain code

20 database 430, as indicated in TABLE 1, that the numbers O and 8 are
the corresponding candidate characters 435A.

Upon receiving the candidate characters 0 and 8 (435A), the line-
cutting determinator 440, determines 530 the line-cutting instruction
“Central vertical line” (450A) from the line-cutting instruction database

25 445, as indicated in TABLE 2, using the candidate characters 0 and 8
(435A). The line-cutting instruction “Central vertical line” (4504) is
subsequently performed 535 on the character pixel clué.te_r 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



E3,CE2,GE4,GE 5 A mninmumcount of three pixels is set as the
resolution for any of the directions. This neans that only the directional
|l inks having at |least three pixels are considered, and those having |ess
than three pixels are ignored. Applying this to the chain code above
results in the following chain code: 10

Gl, &, Gl, Gl, A1, A2, A,O ,C4,Cl,E1, E1 Add ng up the direction 26 A@slBbove
produces the chain code: Gb,A4,C6,E2 Dropping the units fromthe chain

code abovevertdehICHS et BS0 bﬁ§§é§.§%eb§ﬁ'£‘éi§r55‘fr@$4‘ ﬁggf)rg%%‘f@ﬂ ?%“%SIJSS GACE

When the character boundary chain code conparat or ar es the
boundary chéngecdielioacm ttiszndatat6hA nelivatesclsutgossi bl e boundary chain

codes in the c?f}r cter Etgun%r% chai n code at abase 430, it is determ ned
from the char act' 8 BotiHeArs iPTEBgEAS sersdeeu tee lige-cuttingadatr i n

TABLE 1, i 029, |
L 1e0n Hrliouting # cudlAnd et RGN APONII G SHt P the

characters 435A. Upon receiving the can
the |irfe- Boet¢wlinetdatd rat sheddbardeter miaesibadfobheldthbaseutyiongas

instruction 4."Central ical . line" (450A) fromthe |line-cuttin

: n:t r ﬂct : o{rbcggf?gﬁfgég ’%’ﬁﬁ%%, fg‘eﬁltn %%p@da%WrTiﬁBﬂEe ﬂu%léleﬁggt ﬁélegbinqi dat e
h cters i=nNe= Ut t | i UGH | "Central wvertical

T e ( 5oy g dhtal doinPlra 46, B e R od Bis b, Al BRP L s Y0 Lsc o

410A by t hielenitifieel chidtdatgr g76caisttor odbpuaradopr ovi des |ine-cutting data

460A. Referri .%o F&G 6B, the line-cutting processor 455 passes a 30
central verticHith TRETEBECt I BLGR- t Fe andr A trecogniteon futhenumbar &nd

i dent iy j < roQu kch the. cepntral 14 6 APR
2005 vt ol (F e agerbpie wifiRtera drl B MR Ecs SRS iredfafl o
invention, will now be described.

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

15 boundary pixels, marked with an “X”, and then, starting at the top left
hand most boundary pixel 701, tracing the path of boundary pixels
using the same chain code directional reference 605 (Type 4, with ACE
G) and the number of pixels aligned in each of the directions. Hence,
the resulting chain code is:

20 G2,E,G8,A,G3,E,G7,A,G2,A,G2,A8,C,A,C,A2,C3,A,C5,E,C5,A,C3,E,C5,E,

' C,E,C,E9,G,E

As before, the minimum count of three pixels is set as the
resolution for any of the directions. 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



hence, the line-cutting data 460A indicates 4 cuts. The |line-cutting data
conparator 465 receives the line-cutting data 460A indicating 4 cuts, and
determnes froma conparison 540 of the 5 line-cutting data in the
character identification database 470, as indicated in TABLE 3, that the
character is the nunber 0. The line- cutting data conparator 465 then
provides 545 the number O as the identigied character 475 at? § KER ¢0ds put
480. Wth reference to FIGS. 7A and 7B recognition olf};| t he nunréber_ 8 gl'f)i LLom
a char act ecofipetatét USPEohBesi 3D EGRAT - e Y 1
wi Il now be described. Vihen th_gspifgxelqﬁglﬁ@?gga%%galis_%roggeﬁ?}e@ﬁg, ?he
boundary E’i’lﬂte@%ﬁ)rV8¢1<5us|epemnbﬂx.esb@ﬂﬁdarjaouhlirdﬁﬁ ycdddt;w ?nCﬂtd@' ?Z%ﬁd;t&??gt r11§
character pixel, cluster 410B. This is_acconplished by first i

boundary p.BQéP W&%@éﬁ% %daw%%?e, 4%9d1tt1$e®?te§€an@dflgo@tthquéhletnapctbmtn ;
hand nost Beundary M8l cd@d dalt - py xel s, S
the sanme chain cg%j‘e di re%t i ongl é?%%%rg'gtrgggasgwléy%g?i ‘%#ﬁ‘ ;k’ %’%t tl@g and
t he nurber noimipénsed siral Bgmredhiencaaebpeihdiriecshdriehé eharatRRrs @358 he

oer numbezed sl Bgi ' '
ST i & Hebhaees ineothacendidatochomantcs 8, @8 G5 BBISHE, line.

C E, C, E9, : hni t hree pixels i.s set as the
resol uti O%Egﬁ%g}ﬁ %ﬁﬁ?ﬁ%&g‘??g& iﬁéﬁ%rﬁ % ?lgg?gh?%i?%p(éuﬁﬁggéﬁéfﬂ”éwé

above resuf@eniral vheti¢al linedl (5QBRAfONE ale: iR cG2tiBeGAsMuGidch Gataka s
Addi ng up %gg direction |jnks above produces the chain code: G5, A2,C5

Dr oppi ng t hie°uAStifdieateck He TARIHA %dd@n@bﬂ'%cgndﬂi&f@?ﬁhmctﬁ& €] eleuauri',ti?j
d ' 3 . e.that this, is sa undary
chai - e LRSI oF e HERE MG 10 eon Rkl et iRl b TR e

char act er $whsctarentihgenfaracel 535 on the character pixel cluster 410B by the

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

, E3

Referring to FIG. 7B, the line-cutting processor 455 passes a
central vertical line 750 through the character pixel cluster 410B, and
15 identifies the boundary pixels 751-756 through which the central
vertical line 750 passes. The pixels 751-756 comprises six pixels, hence,
the line-cutting data 460B now indicates 6 cuts.
The line-cutting data comparator 465 receives the line-cutting data
460B indicating 6 cuts, and determines from a comparison 540 of the
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,



15 2 6 APR 2005 conparator 425 conpares 520 the boundary chain code GACE
(420B) wth the various possible boundary chain codes in the character
boundary chain code dat abase 430, it is determ ned fromthe character
boundary chain code dat abase 430, as indicated in TABLE 1, that the 5
nunbers 0 and 8 are the correspondi ng candi date characters 435B. Upon
recei ving the candidate characters 0 an@i68 (435B), the Iine-ZﬁuftPRiZﬁ{ﬁ
determ nat or 440, determines 530 the line-cutting instruction "Central
vertical |iwile¢n (Aa8Bhréd opithhenk St L NG 5 as
i ndi cated in TABLE g usi ng th%éclgﬁaﬁg}a%g%#gga%%gr@t andtﬁ%{)%%ﬂéA The
line-cutti rﬁﬁefiﬁﬁﬁrmmeidonumbm odlchesmaicterd, dlloveihg( 450 Brdcter &be@ﬁ?ltﬁet | y

per f or med har agt e i xel cluster 410B by the line-cufting
processor i%g 5}&?18& TYRE10G r%pcélﬁrﬁcﬁ%rsdé?é)%@@mlflﬁéf erring to FIG 7B,
the |ine-cuttin@This) C | i ne rough
the character pixel clus e%%g?d%@égﬁ 1 &éc}%d’ ?Aﬁd’@g&{ Sb%&ﬁ%%ﬂ%loﬁ’ilael S
751- 756° t hepRgratiks &or opticekohamdctee Irt:d:@@htllohn@v}ﬁaﬁ PAFE6MmesTheaPile)ts
751- 756 cog&%ﬁgsty X |er S the line-cutting data 460B now

i ndi cates & eure g ab Vﬁ%‘é@&ﬂl}wgpa%l?l&%ﬁ{)m@pmrm recei ves the

line-cutting datwil i det nes fro arison
540 of the 20 n%éﬁgg‘ﬁ’éﬁgi ?a@?it%lgﬂg&@%%i%&[@rarﬁ&g 5 ??’é’é)tcfn’a}‘?rﬁﬁtr‘ggbase
470, as i ndeanventionTABiE baent described Qhad@t‘éﬁleﬁzakﬁ)d§1ﬁldﬁiﬁ*é§hoﬁs dfig 11ne-

cutting da a congar at or 465 t hen provi des 545 fhe nunber 8 a
i denti fi ed ‘E‘F?:SPX menty7ean; be yuagier pyt a4persorheskifedcin t&n}maatmnhout

recognid i OHedY t qn 25..as described, can
advantageous?yﬁﬁgggg?Pg?ﬁ% é?ﬂiyéﬁ%&ﬁhﬁ9veﬂggﬂtop conputer, such as an
Intel (r) Pentiun(r) powered machine and the like. This is acconplished by
appl yi ng an external boundary tracing process using chain codes on a
character pixel cluster to determne 30 external features of the character
pi xel cluster, and then applying a




| i ne-cutting process on the character pixel cluster to determ ne internal
features of the character pixel cluster. The results fromthese processes,
16 2 6 APR 2005 when conpared with the known external and internal features
of a predeterm ned nunber of characters, allow ng a character anong the
predet erm ned nunber of characters, to be identified. Thus, the present

i nvention, as described provides a methdd and 5 apparatus for optical
character recognition, which overcones or at |east reduces t?

abovenenti oned problens of the prior arlkimdt will be apprecia E&Pﬁﬁg§

al t hough only particul ar enbodi ments of the invention have been descri bed
in detail, various nodifications and inprovenents can be nade by a person

skilled inqthe i 3 -Q - i f r t
Tnvent i on. 117 orar TR st BABEBR bR uiRTr afe R S RLRSRY,
plurality echapcerpikershunadthehnstbed eonsprisign a character pixel cluster, the
nmet hod comé‘gi Si rgjgt 5.a) determ ni ng external character features in the

( h

charact ér @ xel deferaingpg eysralghsrcion featuies theehnsacterpireh shugient eat ures in
th h [ : ' j : .eat
of “each of The’ sPipafing ShEpxtbhish chiaehlEebh LD il (R LELARC, GBS BELEL Wil (oS

one of the ppddetaatningd ettepabdhiractat fiatirehaf @adteos thenpluhwdity bé paateesrmiddd pi xel
cluster vvheg the external character features of the one of the plurality of
predet er ni f8¥2ERSr acters are substantially sinmilar to the external

character fgat ungiiffing HEok G BE pRIralRty 68 pridettsifiled cﬂﬁra@@}ﬁhgﬂl@ %:l%gaétgii er nal

n
character features in ff]’he character piXxel cluster when one o
pl ural ity @ixedxdlestemwhehathacternilecharagsr ifenttres ofhthe amteeof fiexpluraitysefer i s

associated__15 with re than one of .the.plurality of predeterpm ned .
char act er sP'% ete&w&%(’%q’i% a’ienstuﬁFtﬁ’éﬁlnghség‘gért g’r tlhf’ (%feﬂ?e@ §E?r Cleh a@ﬁ%ﬁ Weter
pi xel cl us&mch&ﬁ{c&rp@fe@dﬁg@ﬁm ned internal character features each of the

plurality of predeterm ned i )
d) determining internal character features in the character pixel cluster when one of

the plurality of external character features in the character pixel cluster is associated
15 with more than one of the plurality of predetermined characters;

€) comparing the internal character features in the character pixel cluster with

predetermined internal character features each of the plurality of predetermined

character; and

) identifying the one of the plurality predetermined characters in the character
20  pixel cluster when the internal character features of the one of the plurality of

predetermined characters are substantially similar to the internal character features in

the character pixel cluster.

2. A method in accordance with claim 1, wherein a plurality of external character
25  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.

30 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 the character pixel cluster; and




character; and f) identifying the one of the plurality predeterm ned
characters in the character 20 pixel cluster when the internal character
features of the one of the plurality of predeterm ned characters are
substantially simlar to the internal character features in the character
pi xel cluster. 2. A nethod in accordance with claim1, wherei R ﬁ) %qgr ality
of external character 25 boundaries thd are associated vm'tl% 5 urality
of predeterm ned characters, and wherein step (a) conprises the step of

det er mi ni ng onea)f tﬁaermlurnglrewv@f)osﬁa@@roﬁa&ijac@ha;ttaﬁlhbnso@aquﬁmlesfthél t he
character pjxel cluster is associated with at |east one of the plurality

of predet ePHFHBY of [§xterral charactsy bounderypixedy whereis dbe aelaides nesitions| %ﬁ the 2,
wher ei n st | r of
ext er nal ~chrehl gFRR cRERukl BodidaRP pilelsis Bl bRl L AR A cBleblaf
external caratdrdiouhdirpdéittiees ldast drvcofahaplaciliey ofpreddteredingt earactanslin the 2 6
APR 2005 a determ ni rel ative positions of adjacent external boundary
pi xel s df ¢ aCt?fIHH’F%FutS%r'of external character boundary pixels, wherein the
rel ative positions of the adjacent external character boundary pixels is
substantially indicative of the external character boundary of the at

| east one 4f thA mpethodlin agcoodanpe edtt daim Bewherbar gt @3 comptibes thc5s1cpa>|facter
pi xel clus . in_.ac nce th cl ai e| n ste

Conpr i ses SfEting TP GAPw Richp ot ey Of Suanalhamiieh OEReRF O al | ¢ y
of externals g@&ﬁéﬁﬁéxﬁipﬂé@&@ﬁﬁh&dBixéleih&:nsﬂt}ﬁlegéleat er than a predeterm ned

pi xel intensity |level. 10 5. met hod in accordance with claim4, prior to
step (&), corrprl ses the step of determ ning the predeterm ned pixel
intensity Leve t | east sone |er adj acept t he .eac of the

b ur a1y o exPePRapE inartaske B, Ty Shanp). chRafRafe Fle'or

accor dancedatrinkinil h&hd?r%det%ﬁh@d pixsltigRen§ial l)avélcffﬂ?ﬂi hlesst ke sixeR #dfacent to
determnin contrast evel each of the plurality of external character
boundary pfhe&peh OﬁtheQh’é@it‘%ﬂf?ﬁaﬁﬂabc@f@%tbéﬂfrﬂaﬁéﬂxﬁlﬁxeI contrast level. 7. A
met hod in accordance with claim6, prior to step (al), conprises the step
of

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.

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

the each of the plurality of external character boundary pixels.

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

25  pixels.

9. A method in accordance with claim 1, wherein step (b) comprises the steps of:
bl)  determining the one of the plurality of external character boundaries in the
character pixel cluster is associated with at least one of the plurality of predetermined

30  characters;



20 determ ning the predeterm ned pixel contrast |level fromat |east sone

pi xel s adjacent to the each of the plurality of external character
boundary pixels. 8. A nethod in accordance with claim 3, wherein step (a2)
conprises the step of determning a chain code of at |east sone of the
plurality of external character boundary 25 pixels. 9. A nethaod |
accordance with claim11, wherein step (bBY conprises the stepsZ§fAPR&D[}5
determ ning the one of the plurality of external character boundaries in
the charaeDpr Rice@hirihy ekt bt @ﬁ§%§klﬁtﬁqra‘l¥8‘ bt @fed&eﬁﬁ&e@aﬁa&éerﬁéﬁ% of
plurality of predetermned 30 characters; 19 2 APR 2005 b2)~ determ ni ng
the at | eadixabhia the charactpt pikell dlusyerd$ agsocidtedevitti thedt kastamg efithet uedity @f xel s
in the char ec&e%rrlg@,iée?ech1 cltuster is associated with the at |east one of the
plurality 8 pt e ﬁﬁaﬁgﬁ’é?ﬂar acters; and b3) determ ning one of a
plurality of)predeiiilhgede of b3GQIBNSL fali@efmiasd hﬂgn%%ﬁner@ dh@aedm Reaf the
plurality of predetermned arrangenments of pixels in the character pixel

cl ust er 5 1deashongeefiibel plusality o Perdateeminied arrengedmants ofighixeleimthe isharpeter pikel y of
pr edet er m Larrangement data is associated with the plurality of _
predet erm ned Ccharacters, and 10 wherein step (c) conprises identifying the
one of the plurality of predeterm ned characters in the character pixel
cluster when the one of the plurality of predetermned arrangenent data is
associ at ed i t h A msthadeingccordangs withiclais ngwlpﬁr@aéh@pmrﬂéﬂ of psedetarmined 11. A
met hod in ey t | ad . [ -he i . | onprise a
TS piur al i 1y aperRRRCatd i'aoBalBemwith 6 Bhahi3®ot Pt R iRy R |
conpri ses tierdhepep §6). cathpristatidentifying kiee pheiiodilthé phahlitynbe predetcemadadict er

boundary pixels in the character pixel cluster; and d2) identifying at
| east one Bﬁaré‘“ﬁ’fsdpéﬁ‘? eharateriae] clustsr whea the pangkthe rnhsraﬁw of predetéymined; he

character Rpipflentdn¥8hglis as 18l With e Gde (%fﬁgi%luga[ﬁ%{ gif a%rEﬁl&etmlﬂe;dat% -aéabéte?g. 20

predet er mi ned arrangenents of pixels Inc t one o plurality
of external character boundary pixels and at |east one of the plurality of
i nternal CH racter Oﬁir}dar rein the at least one of the

i xel.s, d. wh
plurality of préhBEe H@ﬁg‘ﬁfigﬁﬁsgﬁbﬂ?’gl df Wﬁerﬁ}&%‘fe dnteal feafes 6P eh t he
at | east opeurdlitylof nte¥nbl @atdcier BbuRlaBHFkEk W RGEinGRY @F Ehfises the steps of:

dl)  detecting the plurality of internal character boundary pixels in the

character pixel cluster; and
d2)  identifying at least one of a plurality of predetermined arrangements of
pixels in the character pixel cluster, wherein the at least one of the plurality of
20  predetermined arrangements of pixels includes at least one of the plurality of external
character boundary pixels and at least one of the plurality of internal character boundary
pixels, and wherein the at least one of the plurality of predetermined arrangements of

pixels is associated with the at least one of the plurality of predetermined characters.

25 12. A method in accordance with claim 11, wherein step (d1) comprises the step of
determining intensity level of each of the plurality of internal boundary pixels is greater

than a predetermined intensity level.

13. A method in accordance with claim 12, prior to step (d1), comprises the step of
30 determining the predetermined intensity level from at least some pixels adjacent to the

each of the plurality of internal boundary pixels



25 12. A nethod in accordance with claim11l, wherein step (dl) conprises
the step of determning intensity |evel of each of the plurality of

i nternal boundary pixels is greater than a predetermned intensity |evel.
13. A method in accordance with claim 12, prior to step (dl), conprises the
step of 30 determining the predetermned intensity |level fr @% hgast
some pixels adjacent to the each of tH® plurality of i nt er rf A @ ary

pi xels 20 2 6 APR 2005 14. A nethod in accordance with claim 11, wherein
step (dl) tanprAseshédin siceplaate withictimi Il Mbeeinitemed] ) lcomplisafthesep od6f t he
plurality of external boundary pixels is greater than a predeterm ned
contrast | @kfgminigg egntrast %@f@h@%@@h of thegrralbyeot gixtepnal Ibappdary, pixglsiip greglsr st ep
(dl') conpry ining the predeterm ned contrast |evel
from at |eg%?ES%%gw%%§§P§B%%%§%§%¥]to the each of the plurality of
external boundary pixels 16. A nmethod in accordance with claim 11, wherein

step (d2) nprises. the step, of 1 etermning tha he one of the
plurality -eqeéé??fhﬁ@ai %ﬁchjﬁ&%WHgs&d‘F’ - eepeth Hen {8 ESmprigesdbe pieRof “one
of the pl ug@ksiniin fthﬁ?fe%%ﬂ%ﬁhirﬁﬁ%ﬁ&és?'ie\?PHBﬁixae[tMeeR!t 368 pixtls adfad¥hi Rfle 1 1
accordance wth clfarm 16, wherein step (d2) conprises P e step of

det er mi ni neachlofithetfherabtyeof@kkteried bplndaay pixylsof predet er mi ned arrangenments of
pi xels 15 includes the at |east one of the plurality of internal character
boundary pixels. 18. A method in accordance with claim 16, wherein the one
of the plugglitX méthoPFPARbRIANENREh }HANIE BBt fEp RIZYRbMpEiSdERhE §1@F od
linear arrangenment of pixels extending through the character pixe

cl ust et) adriewhiningithatshepny eXhe pbugity pesleromitet @rmngdanments ¢lapixelhéncludesar

arrangeneng o i.xel s.,ncludes the at  least qne of the. plurality of
ext er nal c{%‘&a teptong 8, é’}vag%xo c&ternal ghagagien bot f?% PASIY “the |inear
arrangenent of pixels includes the at |east one of the plurality of

internal character boundary pixels. 25 19. A method in accordance with
claim 1, whereif metbed meacceriapes wih claya 19 wherest step (42) campesss the sl§P ke one
f th I i Ly, of i = b i.es: | t i xel
of . P Uaablfl Y BAL ofNAC 05 P PIRLRT bR e RS AL BE0 ) X

char act®r sinckidys thebelenstvina 9f tHeglatlityed sitedakbchafactdd ®ophdaippixklg. of
predet ermi ned arrangenents of

18. A method in accordance with claim 16, wherein the one of the plurality of
predetermined arrangements of pixels comprises a linear arrangement of pixels
extending through the character pixel cluster, and wherein step (d2) comprises
20  determining that the linear arrangement of pixels includes the at least ohe of the
plurality of external character boundary pixels, and determining that the linear
arrangement of pixels includes the at least one of the plurality of internal character

boundary pixels.

25 19. A method in accordance with claim 1, wherein step (€) comprises the steps of:
el)  determining the one of the plurality of internal character boundaries in the
character pixel cluster is associated with at least one of the plurality of predetermined
characters; |
e2)  determining the at least one of the plurality of predetermined arrangements of

30  pixels in the character pixel cluster is associated with the at least oné of the plurality of

predetermined characters; and




30 pixels in the character pixel cluster is associated with the at | east
one of the plurality of predeterm ned characters; and 21 2 6 APR 2005 e3)
determ ning one of a plurality of predeterm ned arrangenent data fromthe
at least one of the plurality of predeterm ned arrangenents of pixels in
the character pixel <cluster. 5 20. A nethod in accordance with claim19,
wherein the plurality of predeternined2larrangenent data is d$skifiZiibed with
the plurality of predeterm ned characters, and wherein step (f) conprises

i denti fyi ngg)t hedaaeniafngt die ¢ etlﬁﬁhility o@ffpr&fe%@fﬁﬁrféﬁrﬂrfhﬁgem&hacfa@&fr@fnsth:b ntt he
character pixel cluster when the one of the plurality of predeterm ned

ar r angenenicagang of theggurabityaelcpfeditermingrbaroangements o€ pixelsria the ghagdcter pixel
predetermaﬁgecharacters. 10 21. An apparatus for identifying one of a

plurality 0O prr’edet erm ned characters from a character pixel cluster, the

apparatus conprising: an input for receiving the character pixel cluster; a

boundary processor for receiving the character pixel cluster and providing
a 15 bounddry AHagthod djeccopdappamaibdainbbnthkersin dheaplvradioe ef predelsasiaed or

storing a i hound ai:n d d | ur-al j f. candj date
char acter studgBlehy aifs, ReSfH e AOEHE. BRPER Bl mbdmiRy Hardlis e dharac or
coupl ed t owheedi ¥eept (e coapnded ydentilfigihpg 166 dmeadftheoplptgidy tod progdeteiainadt er
boundary chai n code database,  the character 20 boundary chain code

conpar at or Shassterg mhesharsgier piel plugior winay theronecfdhe phinlisy of predetsrpingd i ty of
haral _ ; POV ree AR
Srural ty SPRESL fe B axdbfrdii B8 hSF Ty WR pRABRA LN BhleRd the

instruttions associated therewith, a line-cutting determ nator coupled to
receive thﬁlgat | east one .of .the plurality o ndi datg har acters, the

. y,of 25 ¢
line-cutting defBRRPHANSLOidentiigiog oap 9faplpsality ﬁ’ZPE%F‘FPH’&e charpetes T

dat abase apghdrferif cHisRY, tAl apfRdsths WsprRing he plurality of line-cutting
instructions associated wth the at |east one of the plurality of candidate

characters; a |#miapuufor resgivpredbeshasactorqupdletiistes; recei ve the at |east one of
E:Ihﬁsflarr a![ Ihtey| Ioefh 391!#&{1 £y ﬁg}ctﬁésgg gclggr%%;er&@tgltﬁg %ha%ggert &?(elcc gsrtcgrcatm%’ pr%k/f(d?rllg a
15  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 the boundary
chain code and coupled to the character boundary chain code database, the character
20  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 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
25  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;
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
30  performing the at least one of the plurality line-cutting instructions, and the line-cutting

processor for providing line-cutting data;



30 performng the at |east one of the plurality line-cutting instructions,
and the line-cutting processor for providing line-cutting data; 22 2 6 APR
2005 a character identification database for storing a plurality of
line-cutting data and the plurality of predeterm ned characters associ ated
therewith; and a |line-cutting data conparator coupled to receﬁlg H}@
line-cutting data and coupled to acces&the character identi 5 f 51

dat abase, the line-cutting data conparator 5 for conparing the

| i ne-cutting datahudatier ideatifitationldatapasef fol stofing Wiphiralgty ddlie-camagfdata and

provi ding one of the plurality of characters as the i1dentified one of the

plurality &eplppliverforedsiamietkaharersasseciated Beigith and. An apparatus in
accordance W th,clal malo WIE! €44 %{%r%ﬁg%‘dttﬁrre%‘é@qﬁé YinENQhithe é&% cade
conparator furt Rer corrpr%ses another output for provi di ng one -o He
plurality cbupehth atats thhalisaadtaridemifreatidihdatethae abé Gne-bating daty cohparatarode
conparator determpes_ that only the one of the plurality, of candi date
char act ér s foiscoapBmgatheqling-cptiph <lafa wath, g rlyalinuar yinetealinec e, angh Hei n
the anot he&){(ﬁg&iggtoggzof{tﬂg pERAlBCEEnPRYAT A MRS RRNBACA D0 FARPBLALRY JfS

coupled to
predetermined characters at an output.

22.  An apparatus in accordance with claim 21 wherein the character boundary chain
10 code comparator further comprises another output for 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.




