4 April 2006 -1 A METHOD AND APPARATUS FOR DECODI NG HANDWRI TTEN % Bﬁi
Technical Field The present invention relates to a nethod of interpre |ng
and decodi ng handwitten 5 data entry |£to a conputer or other processing
device, and in particular, to a nethod handwiting recognition which

i nvol ves deconposi ng individual characters into one or nore primtive

sub- strokes, where applicable. Background Art 10 The reference to any prior
art in this specification is not, and should not be taken as

S ORI THOM AN BEPARKPSS FOR BECIING 1A cFrEn

handhel d conputers, are avail abl eoén ser is i nst ructl ons based
on handwitten data inputs. Qher devices force the user to enter data

usi ng a pseudo- handwri tten format. One exanple of such a device is produced
by Palm GCp iBLFF use a proprietary input format known as Gaffiti.
This input format a ows the user of a handheld conputer to enter data
into the dEhé presbyt imyentign aclpteastoiamsthddusf interppetanirfindhddcarbng basdwrittena
touchscsr eﬁgg ar(e?g wher e each tchara er has an as(%oci ated .20 ‘tstrloket',
which in i E4BedPederPPRYCE 8 SO ATOERR Me (67 CCa i Uy PRERE B igr 2
advant ageSmm'ae dfhap@hkdklge rdeyififionh s wiieh SRldIvds0 dwe¥mpdsiagefinlividul zed
keyboard, but they require the user to learn an artificial "|anguage' in

order to efhastctegantp opsOTMOTE aFigitive sHhrfduakiesi Wherstappdisablsssessed by

i ndi vidual users is vast, and therefore, the provision of autonmated
conputer recognition of di fferent user's handwiting is problematic. This
has resulted in mniml use of cormer cially viable handwiting recognition
syst ens i nBackgmutnichirdevi ces. is desirable to provide a syst em which is

able tg i r.et h ndwritin thou forcing.th t his or

nor e 1 1 bR enet B idhg it e nsalinet Wt SRl iR RS e a

devi ce. NPAMASKedgdniR rdr'an?QQ@n of suggestion that the prior art forms part of the common
general knowledge.

Prior art processing devices, such as handheld computers, are available which decode user
15  instructions based on handwritten data inputs. Other devices force the user to enter data
using a pseudo-handwritten format. One example of such a device is produced by Palm
Computers and use a proprietary input format known as Graffiti. This input format allows
the user of a handheld computer to enter data into the device by moving a plastic stylus in
predefined motions over a touchscreen area, where each character has an associated

20  ‘stroke’, which in many cases resembles the actual character.

‘Such systems offer advantages where the portable device is too small to have a usefully
sized keyboard, but they require the user to learn an artificial ‘language’ in order to enter
data.
25
The range of handwriting styles possessed by individual users is vast, and therefore, the
provision of automated computer recognition of different user’s handwriting is problematic.
This has resulted in minimal use of commercially viable handwriting recognition systems in
computing devices. It is desirable to provide a system which is able to interpret handwriting
30  without forcing the user to adapt his or her writing style to conform with the expected input

style of a particular device.
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-2 Most pattern or character recognition systens perform sone kind 9 12006
segnentation of an input signal to identify the fundanental prlmtl\ﬁ%‘"(}f)
the data and to minimze the level of nqise in the input. Segnentation is

al so perforned to reduce the amount of iWformation wused during feature
extraction, and allows pattern recognition to occur on nore abstract 5
features of the input signal. In handwiting recognition systens,

i ndi yi _dual E{r ?&ﬁ&?n 3t %h%&tgpre%ggﬂﬁﬁﬁ %gstbllﬂlg gzleﬁ"?l\rl}g QQI%E; klr%qf]ofs § n§eth{ giléff of fn

primtives ng preprocessing s are aASSe

feature ehpuasignabno idedtifyethe fundaewdnhl Ipﬁﬁilil\yesfdfl‘thdJ@iti aﬁdltoclhﬁﬁﬁlzfeltﬁaldvéll’bf I'n
cursive or conpected print 10 recognition systens, a single stroke may

represent Bl ntWe Seemeriptions &5 alsg perprngdole Teduce,the pmayint @6 dforrpation
potential |kt RhingSPARRAL @itfa@ﬂ%lpodrﬂt acllqu%sﬁ%l ncﬁ%ggrﬁlﬁ&ﬁ e oL G YA AURS ARBUG

been described by the research conmunity, si npl e approaches
based on tfeetupesoyfehd inpst signal.ne hunman not or systen1Exaanes i ncl ude 15
segnenting at curvature maxim, critical points, and velocity extrema, or a
combi nation of these techniques (e.g. looking for points where curvature

extrema ang NAdKEithY rfddghiiRn GRS flividdd Qﬁékés%@@ﬁ&hsé%ﬂ&n%qgﬁse? HutiBéng
bal listic gesture detection, |ndependent conponent analysis of

strokes, apicsubesoke primjtives dushggrepaacessng; dibcsgprimitives arh ehensmgmdrto atfczctnreof

strokes. above RF.9S dures. .use eneration

f oundat i ong?n\c?/\?h% ) r’rg'hl{ea(fr Rd lrSYtﬁ' OT RREHY ﬂ%ﬁégﬁ\éﬁ‘@ 3’&28 IVSnorth?émf)cé?{@b‘?ﬁ on

processm  KeyogritibreyswingyialsingdRCAEKS GnHf repRbérR fore kifantdhe 1@RE CRNebMBnafiod ke

| ocal relative positions of primtives thus positional extrema play an

i nport ant W&o lqﬁnilﬁéqt%’ébﬁﬁﬁli $EMshtatian peintsshapes. Per ception based

criteria for segnmentation 25 include X and Y extrema, cusps, and stroke

intersections. Wiile stroke segnentation can inprove the accuracy of a

handwri ti nlglanyeseg;mmzitmn teg/}ﬁﬁqams hanelbeencdustidbed tyothd iréseah comimunity, @kkdinge a

maj or source & reco i 0 Mpst .notor- based stroke seg nent?(ion
esk uae

ors.
al gori t hns*'&BA 3P e G thiy REPFEISE o AnmeRn,EIPT S¥TtERt FREMBISS nc
segnentst | ﬁg 8t culr Gttt trhdiGmb NeritRal pang! Ql&vélé&?%%’tréﬁﬁ Ny asmrh&hatiwl &

strokes that are poorly fornmed. Figure 2 he 1 ncorrect

segnent at i basebteshaiqess 8- Jacking fex pomtsawbére @uryadatieyextweiniat avd Veodigr migima

NPW)OSPCT 4 Aé?crlé)l (?tger research has proposed using ballistic gesture detection, independent
component analysis of the strokes, and regularity and singularity concepts for the
segmentation of strokes.

20
While the above procedures use handwriting generation as the foundation for segmentation,
other techniques are based on the perception process. Key to the visual decoding of letters
is the perception of the local relative positions of primitives thus positional extrema play an
important role in the recognition of letter shapes. Perception based criteria for segmentation

25 include X and Y extrema, cusps, and stroke intersections.

While stroke segmentation can improve the accuracy of a handwriting recognition system
under certain conditions, it can also be a major source of recognition errors. Most motor-
based stroke segmentation algorithms apply some kind of numeric threshold when selecting
30 segmentation points, resulting in the possibly inconsistent splitting of strokes that are
poorly formed. Figure 2b) shows the incorrect segmentation based on curvature extrema of

a badly written letter ‘a’.
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-3 In this exanple, stroke segnentation is being used to partition P nril 2006
segnent the circular body of the "a' fromthe nore |inear sten1usingpf%%
extrene curvature at the top of the stemas a segnentation point. Figure
2a) shows the correct segnentation point-(as indicated by the cross).
However, Figure 2b), has a curvature extrenuminside the circular body, and
is 5 mssing the expected cusp that marks the beginning of the letter stem
resulting jy l,ac ty) L O Ly o]
used for - snksAappRr AkE Hhef PARRAL 2 HeRR b RS pHEhQRS bl 1R

bal l'i sti c ofthef@ftean (lie. moredoret emtusing the extrdnirecistatute dt cheatop@dkhevsdmas tiy,
then decelerating at to the t t int). Sections of high velocit re
general |y %‘%F‘ﬁl"&ﬁ?f} QI 2 A SHOE 31? e&v&t pegmegagign Pout e disgie il

cur vat ur e. cr5eNeMBHvevete FRfikd b Badth SQuraitie S&dremlnt HsRRNAL &ikdGlar BE@P! £1d5;s and
additionally, "the user nmay pause while witing a stroke, leading to an
invali d segswgtthe ieapeqoest ausp that Riagior the heginnings afrfiieeldttpostams resulithigciat thd by
squares, for a letter "a' are sEomn. The velocity of the pen can be

deri ved fr@ﬁ?’f%@se@%e&t%ﬁnlﬁ’gf]%es&? the sanples 15 (assuming a constant
sanpling rate), so a |large spacing indicates high velocity, while sanples

that are c] ose together indicate |ower velocity. In the exanple, the |ow
vel ocity Yelaeithigyhlse uispdtior spemenjptinns sinps handweiing ds gcherstedr by of sesighsifes

inthe c usl?%lzsttictxﬁ(?ve tsoqi/.g.ﬁ %]:%%lﬁéatngg]f ofY thik lt'clrt %Sar i%egaktv%Fogfryrr,Ftlhlen ng%k(erﬁ[n@ta(thgn '

bot t om of stem we Breci s ANOt et ion ow veloc

the | efa othetdrgetqoimtiSactions @if high tehaity \wes g@etisle dirbight, Mhiderbw eelodly usually
hesitating during . the down-stroke. Sg while the letter "a' is clearly well
witten, tofEUrs el B eXfreHies 8l cuBghEnt HOPSYenaglopitn du @lsoasrbiest dn sthgeﬁla,q@/mg

result. P i i : : i —ext
B T S S
si nce no nggmen@tigmpoiet. s Figagus,rthel sangpled poietsemdicatedibly squares, fior 4 lstter ‘hoaral
extremum However, these techni ques al so.suffer from .ingonsistent

Sogrrent at | WG T IR A6 Tehed T beAcispd ramsib BAeiad beTRsRCaE SamBlFS
Cross, 18t (aSsulrifX el &JRdfant Q4abRKL ARG sbNe 1b@kbachle Haﬁ‘ca%ésrﬁ)i%ﬁ-veﬂ%‘(\?}/%ﬂet he
second letter "a", shown in Figure 4b) while clearly the sane |lefter as
the first,sagwies that are ohnsaitagdher-adicatedowemveloditys In lass xanaple, the lowevelcitpke

tends to | . of ther se ntation algori.thns suffer fromthese
pr obl ens, %@héﬂe&ﬁvaaﬁorfzcuég? §Qn {é? ?eeeggg&hﬁfr ‘gfosraf'@?WP RSP §E @Srtgl? OQHS to
the diffi cstérh, andeklras an -t omeall habkiae tief b&toh® ke theSQGHE Hodeh @ thei@ iy arfoytsd € s
do not attenpt any kind of stroke se%nenlation and sinply .
region of low velocity (on the left of the circular region) that was caused by the writer
20  hesitating during the down-stroke. So while the letter ‘a’ is clearly well written, the

velocity-based segmentation may produce an inconsistent result.

Perceptual segmentation techniques, such as using Y-extrema as segmentation points,
generally do not suffer from thresholding problems, since no numeric value is required to
25  determine if a point is a local extremum. However, these techniques also suffer from
inconsistent segmentation. In Figure 4a), the letter ‘a’ is segmented, indicated by a cross, at
a Y-extremum located near the start of the stroke. However, the second letter ‘a’, shown in
Figure 4b) while clearly the same letter as the first, does not contain a Y-extremum at this
position, as the stroke tends to level off.
30
Most other segmentation algorithms suffer from these problems, and are particularly
affected by poorly written letters. Due to the difficult and> error-prone nature of stroke

segmentation, many systems do not attempt any kind of stroke segmentation and simply
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NPWOO3PCT 4 April 2006 -4 work directly on the raw, un-segnented st{i{gkeizo%
provi ded by the user. Those systens that do perform stroke segnent Pe
usual ly inplement sonme kind of elastic n%tchi ng procedure to mnimze the
effect of inconsistent segnentation. 5 "Elastic Structural Mtchi ng For
Recogni zing Online Handwitten Al phanuneric Characters,” Technical Report
HKUST- CS98- 07, Departnent O Conputer Science, Hong Kong University, Mrch

it i pl o 178 S e T G AR Pl B BRI TG SRR g

br oken i ntgerfoparstrekdsegnicatapion uswhliglimblemtht §dnigkint b 8lasadishtdBink PEed@s to
segnentation . to occur. To counter 1o this, they inplenent a set of rules
that att erfBinimige s dtoct piipeonsiptent seamaniatioBn, conbining incorrectly

segnment ed sub-strokes to forma new stroke. "Handwitten Wrd Recognition -
The Approach Proved By Practice", Advances In Handwiting Recognition,

Seri es 5i n ‘Washic nStriReucd pMaichiagidFér t Rédoghiaingl rddidei génderittvnl Alghnuhbripp.

47030 IR AR 5 TR s oMo Kb 8
strokes i IKénhgCORNEISRY,A1aRR11998 die RREKthe LSRG DGreddSIRiMtvalIE 15 SaRhf Qfkes ar e
then matched against” a set of primtive elenents to be used i'n an

el ast i c- manohhngplediregsgments. HoweGrothay nivetthatds shootiSstrakcenaselpbrokent indm” |
Advances |n ndwiting Recognition, Series in Machine Perception and _
AT ol al P RERT 1 ek el ing; (R caiSiog SSoomeck BERGRERPR R o e ORABNFS hi ng
Co. 1989 dhBCihesespkhicake sseaMmisahitQfitefipt @ fétb@enlTRIORENRAGESH, dnfbARhSUT
curve fitting. In their method, curves are first approximated using cubic

B- spl i nes, inggrtestly seegmamtrdsqubuirokente fameianew strpke. ext r eme poi nts of curvat ure.
25 "A Fuzzy Online Handwiting Recognition System FOHRES," Proceedi ngs of
the 2"1 International Conference on Fuzzy Theory and Technol ogy, 13-16
Cct ober, I9Badwhttedhaliprd Recogitidies- The Agomh Prozzy -BpPracticeRr ggamiat iipns

of pen velgcity.and direction together wth a group.of |inguistic

vari abl es I?W%VWE ee@gnigen. eHsS I Maghing Rreeptipg and M@ﬁ@aléategggﬁ%t\@é-i%n.

Their seqmpnt o1l 63 \OKES SBlkRtifS PebIRRInG TS, ROVIHLLVES HiPlsel 322 HERMY R

extracti OWNPV\U)SPCT ' ing ' > 1683 ie oints
in vertical velocity to segment handwritten cursive strokes in a commercial optical check-
reading system. The sub-strokes are then matched against a set of primitive elements to be

used in an elastic-matching recognizer.

20  “Global Methods for Stroke-segmentation”, Advances In Handwriting Recognition, Series
in Machine Perception and Artificial Intelligence, Vol. 34, pp. 225-234, World Scientific
Publishing Co. 1999 discloses stroke segmentation of offline images based on contour
curve fitting. In their method, curves are first approximated using cubic B-splines, with
segmentation cuts made atthe extreme points of curvature.

25
“A Fuzzy Online Handwriting Recognition System: FOHRES,” Proceedings of the 2
International Conference on Fuzzy Theory and Technology, 13-16 October, 1993, Durham,
NC teaches the use of fuzzy-logic representations of pen velocity and direction together
with a group of linguistic variables to form a set of fuzzy-logic rules for stroke

30  segmentation. Their segmented strokes are used as the primitives for fuzzy feature

extraction.
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4 April 2006 -5 "Recognizing Letters in Online Handwiting Using .

Hi erarchical Fuzzy Inference", 4th |International Conference Documehpril 2006
Anal ysi s and Recognition (ICDAR), August _18-20, 1997, U m Gernany

di scl oses the segnmentation of strokes at'5'cusps and points with horizontal
tangents into sets of PStrokes (partial strokes). The disclosed algorithm
uses a 5 system of angul ar snoothing (rather than the point-position

snoot hi ng & i:s: of r d n istart di sgontinuoys
parts of tt{ie&%%%%tn ga]jt“bgr%{ Sor@rs I?{Hg‘.aﬂ %%Js‘%@‘?g @'@eg{ﬁrg‘ﬁ}%& E%Z eﬁ?ger%‘fen’t of
Onl i ne Hanbivarnaticesnl Somfeperce, DESagne salyBisHant Weddgnitdn REDARD] Augist 18020,
169- 176, 2-9%88?ﬁte er, 12?6, Col chester, UK. Wbrld Scientific 10 .

Publ i shi ng!®83: Wms Pauray Lisdess ithe seamenigiione ph sgrkesupty sesps eandepeiatsi with

al gori t hm g 8bntaf tanl 5 t-Reok: hﬂl?ﬂ It
recognition, \A}rlliachanggﬁgﬁgglr%%e Il%ﬁll(ﬁ(g\s h%gﬁla?g{r ogs%'o?%aélxi\l)g%gl o}r%Jn U89
Handwr i3t i ngysi@anef anigolar "snRotdieg diatiys tibint the pdiht-misiioni ahoothimpf dmerncefeh t he
I nternational G aphonom cs ciety, 126-127 995. To.segnent strokes into
primtive %%’t?ﬂﬁﬁ@r{&t,d%f??@?f ‘g?%% ﬁ&é‘é“”t”i"l‘@“%%‘aé{sc?} tlleaﬁeeﬂaéec"?%gz‘-eofm%bul ar
signal intensity 15 and first order crossing points. "Perceptual Mdel of

Handwri ti n%} Drawi ng Application to the Handwiting Segnentation Problent,
4t h | nt er naddtestign Qokxeeraa deinto oll Mntine Aradysiiten SadptRs clyggidss dm HdndARg

Spbr oach HESBETI oRb NO%aPact | oedf M sclso8r “BeKkSRpt n- SEHbrSCBIAEs"
Basi caiol y, Publlishing €. clisdiédes a' 108A9béLD RGemB UfMiuSvatidi delfecBb® atRkithif dhaSis
poi nts of discontinuity such as pen-ggs, sharp turns, and cusps, and

M

" per cept udtaseden HesdeligdpgRommal (thepsy pbhprdyviging reegnitiang whick-is girgloged axtAenm,
and strokeniit [ [ . -6, 27 .descr,besr a,. .
character q?éel%ogﬁ tro %P %@%ﬁg %Its ﬁlgﬁ évsvgg’rrlrgﬁegl@}sa{lrg%k eémg%e]d"%gi (?{{ }shgvze?géennf% cal
angl e changeyersnee afithé fraerantorer ceapkoransstSocleng1D6l107, 1986 eT@k&Ment strokes
"Handwriti.ng Recognition Device, °§I\§t hod and [i)h bet, Wth_Strokes G ouped
Into Str dR@ Péu’al-t'%? corpaRds, they, discleseqthe usqypficalculatiog pf graular signab mtesity he
segnmenfsat i HQ fRbIRAdricAisinkSofyen in US Patent 5,740,273. Simlarly, US

Pat ent 5, 889, 889 di scl oses the performance 30 of stroke segnentation in a
handwritten character recognizer by detecting points that "are identified

by such crigter.i r ness..of direction.change s wel | b N
lifts". Thiptgrceﬁiﬁég%g&éﬁ%“ WIired2aning APpUGRUgP 3 @f&ﬁ@qwtﬁ@w&m
desi gned tRroblepre ¥ tnrbasaeivhidlt ConyerdD OReehent Analysis and Recognition (ICDAR),

August 18-20, 1997, Ulm, Germany discloses a modeling and segmentation approach based

20 on the detection of a set of “perceptual anchor points”. Basically, they search for
'catastrophe' points, which are defined as points of discontinuity such as pen-ups, sharp
turns, and cusps, and 'perceptual' points, which include points of inflection, X- and Y-

extrema, and stroke intersection points.

25 US Patent 6,275,611 describes a character recognition system that segments strokes at
points where “local angle change is a maxima and exceeds a set threshold”. See also
“Handwriting Recognition Device, Method and Alphabet, With Strokes Grouped Into
Stroke Sub-Structures”, August 14, 2001.. A full description of the segmentation algorithm
is given in US Patent 5,740,273. Similarly, US Patent 5,889,889 discloses the performance

30 of stroke segmentation in a handwritten character recognizer by detecting points that “are
identified by such criteria as abruptness of direction changes, as well as by pen lifts”. This

discloses the same segmentation procedure in a system designed to represent handwritten
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4 April 2006 -6 input in a paranetric formfor conpression and )
reconstruction, segnenting strokes at "coners and cusps, where di r ef (4P 2006
changes abruptly". See also US Patent 6,0Q044,174. The process described in
US Patent 6,137,908 identifies Y-extrenadas part of the 5 preprocessing of
strokes for recognition. Inter rredi ate points between these extrenum are

al so extracted and stored as a "frame” for use in the recognition system

Simlarl Yo Patent 5 610, 996, di scl oses t series of S
i ¢ v P I R R e SR g, B R afien e aRote SRokesl
poi nts on °tdamess’:taiﬁal Rispsexthere de&ﬁoﬂ%ﬁ%@ﬁﬁStlﬁ' S& oS0k Parst 6,084, une of
al ternative segnentation schenes, suc extremn, and conbined X-Y

extrema. US Patent 4,024,500 discloses the use of X- and Y-extrema to

segnent ¢ t stl troke
primti ve:?ﬁ4 \fg %%rg(lg?c b?@51n8g§cg,§f§%feég£ dga%%%égg‘ egt%%/né S¢i ﬁa]?pro |l e
to segrentpsproodssing adstokdsafs eedoghitidns Hbeﬁieﬁﬁk@p&ﬁ@%ﬁﬁée@&h&ﬁetditﬁﬁﬂuﬁﬁﬁed
velocity minima in the handwiting input." US Patent 5,577,135 discloses
the segmerfst $dracisd aad sigredas & framey foreisg in thedeagniignisystam. 20 series of up-
and down-strokes that are used in a H dden Markov Mbdel (HMM) recognition
system In another HVWM recognition systemdescribed in US Patent 5, 878, 164,
st rokes ar@ntikdynbin Batentind 610806 alisclaxes S -ush af ac bezies pufi arcd iay gingideeyr firng

to defined boundar condi tions such as s and. cu 25 The prjor
art ref er REREIYGL F7I5HS etﬂ‘f)tarcf B & t%g\ﬁ?‘ %ﬁ?‘&ﬁe%‘f)ﬁ’@s&ﬂ’@ee@’ét ﬁ
probl ef OdochffeROALS dRBloBNHWMsE bEAlteMRENe deditlentafis ScHBREs Oduchlas Bl extrema,
i nproverent, but none offers a robust systém which addresses all the

previ ous| yandeosmbingd K- Yoedtsens. 30 Disclosure OF Invention In a broad form
t he present invention provides a nethod of performng witten character
recognition, including sequentially conparing a given input character wth

one of a sE§iPag&nof 094 eoedlsela@ésa@& &ke 6Pl snd YWRRHrEhA té BnSdne Butfve GROR&NhNY
NPWOO3PCT 4 Apri l 2006 -
to characters (rather than ballistic sub-stroke primitives).
15
US Patent 5,854,855 teaches the use of a velocity profile to segment strokes, and

“associates sub-stroke boundaries with selected velocity minima in the handwriting input.”

US Patent 5,577,135 discloses the segmentation of strokes at Y-extrema, resulting in a
20  series of up- and down-strokes that are used in a Hidden Markov Model (HMM)
recognition system. In another HMM recognition system described in US Patent 5,878,164,
strokes are “segmented into letters or sub-character primitives according to defined

boundary conditions such as pen ups and cusps”.

25  The prior art references each attempt to introduce new techniques to address the
problems of recognising handwritten input text. Each may offer an improvement,
but none offers a robust system which addresses all the previously described

problems.

30 Disclosure Of Invention
In a broad form, the present invention provides a method of performing written
character recognition, including sequentially comparing a given input character
with one of a series of stored character models, wherein the step of comparing
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further includes the steps of. deconposing the given input characte ég
one or nore segnents in accordance with a segnentation schene asso ﬁ&? 006
with the present character nodel; evaluating said segnment or segnents

agai nst a segnent nodel associ ated wi t i/t he present character nodel, such
that the evaluation 5 produces a score which neasures the degree of
conformty with the nDdeI repeating said step of conparing for a

plurality ch ct i he series.of . character nodel.s; and
elect i ny TSEHAPEHELATSERS G4 dROmESSE YR oni ERAnARL RRuFRRE d3io. OB gr

cl assi fyi n@oteheegmemts hacasidahcasvithea ¢BgmastationasR&lcA bbbl Witktthe
character nodel. 10 Preferably, the character for recognition is one of a
letter, a PrgREErchsragter masaluayalyatingrsrid praspetiaty jegments agapsefa segment
deconp03| h C o] g t 1 med
such That BQUR® asBRslel RIACYAE bbbl OfuRbiel UhBage HIRE, Thatcthe 3PERliGh

equat i an: pdulds a piorklvhich Wﬂeaﬁlrél@dht deg?fed&ﬁd‘ﬂ dunfdrangt vich tﬁegﬂieﬁ‘él p; =
coordi nates of .point, i n = nunber of poi ntf in_the stroke 7v= m ni num

| engt h t hr SRR prdrstsmpl 9°mfpﬁrlpaefobwéwa ifpaf charaeise mppdedsin Hetsepies of
segnment ed aeedtdi H&d’e% tha se?é:tﬁxgggﬂﬁ”élﬁa%&& ﬁx%%@ﬂ@«h?&? P&hﬁ%&@%d"‘fh%%%ﬂ%tas

present character model’, then t pr esent aracter node rej ec
possi bl e nsoch afndr cl:ahfsfgmgeﬂla gt clivaactet eus. ther efianeter ya,ssd)drletedehu}nathabn

pr ocedur e SSI sgore whi ch rewards cl oser conformance to an ideal. 30
Preferably, pﬁ tion procedure uses fuzzy logic rules.
10

Preferably, the character for recognition is one of a letter, a number or a

punctuation mark.

Preferably, the step of decomposing the input character into one or more segments
15 is performed such that each segment has a minimum length according to the

following equation:

L =2 g lp: = pu
where
Lnin = minimum length of segment
20 Di = coordinates of point i
n = number of points in the stroke
A = minimum length threshold

Preferably, if the given input character can not be segmented according to the
25  segmentation scheme associated with the present character model, then the present

character model is rejected as a possible match for the given input character.

Preferably, the evaluation procedure assigns a score which rewards closer
conformance to an ideal.
30

Preferably, the evaluation procedure uses fuzzy logic rules.
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NPWOO3PCT 4 April 2006 -8 Preferably, each character nodel may have )
associated with it a plurality of segnentation schenes to facilitaf&pril2006
recognition of different fornms of the sane character. 5 Preferably,
different rules for deconposing the inpuﬁ‘character into one or nore
segnents may be defined for different character nodels. Apparatus is also
provi ded which includes an input surface responsive to the novenent of a

stylus the or_prodguci ng an input stinulus: . nmLy;.. a 1 .0cessor
for recei v?geg&gagbil i ‘%lutc & allcr]ﬁ%ﬁ &Odaer%dmﬁyo%%%esiaﬁﬁocégﬁeg‘siwﬁﬁft $t Pﬁﬂ%hﬁ' Ost_s
wher ei N sakégnémMeess achemeddpadlitade R@b(ﬁgﬁiﬁbhh@f etfbRat | fdr@6 Cor eiangemai t h
a broad formof the invention. A stroke segnentation procedure for

handwri t t efh@RAgleEct er recognition is disclosed. 15 Changing the

segnent ati on al gorithm dependi ng on the nodel being evaluated results in a
consi stent and robust set of stroke primtives that can be used for feature
ext r act § onPemafedrabty,adiffeirewtatile forAdeextapgyigg fthig Apphtocharactkasistiol b8y of edreuses

this segnentation procequre | | so described. 20 Brief description O
Fi gures TheCERIdsmay l?ﬁ/g?ré?%?%fgﬁﬁ%be%éi‘é%tedﬂﬁ%@ﬁ{ fromthe foll ow ng

description, which is given by way of exanple only, of a preferred but
non-limting enbodinent thereof, described in connection with the
acconpanyi Agpaiaguy es ,alsaovpeprided ®hick Fdudes ini ldpustsvafaes @upendioditoetite of
the present inventian wherei t he i gure shows a processjng system

rr ahged.  BOYBEERY T s SR dheuRie fopSRRuS e E Ao SRR, & FtHE 2
embodi fgnt §rd%%s§di‘efdrn1\&6i\ﬂiﬁ)%;sa?ﬂ Fh@Hr §8mafls 20 p2Bdessi@wsy! inphprsemchiand.
poorly-formed versions of the 30 letter 'a'; X Figure 3 shows how velocity
segnent at i Bherey S9&d pseeessor iintadapiedt toappormrthe’ methognih mheordantst evith a

associ at edy 1 narew, t i NPYPO3PCT

A stroke segmentation procedure for handwritten character recognition is disclosed.
15 Changing the segmentation algorithm depending on the model being evaluated results in a
consistent and robust set of stroke primitives that can be used for feature extraction and
classification. An example fuzzy logic classifier that uses this segmentation procedure is

also described.

20 Brief description Of Figures
The present invention should become ”apparént from the following description,
which is given by way of example only, of a preferred but non-limiting

embodiment thereof, described in connection with the accompanying figures,

wherein:
25
X Figure 1 illustrates an embodiment of the present invention wherein, the
figure shows a processing system arranged to receive user inputs and
process them according to further embodiments of the invention;
X Figures 2a) and 2b) show well-formed and poorly-formed versions of the
30 letter 'a';
X Figure 3 shows how velocity segmentation may be used to interpret a letter

'a', and the problems associated therewith;
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4 April 2006 -9 X Figures 4a) and 4b) illustrate the problem of usi41% 1l 2006
y-extrema to decode the letter '"a'; X Figure 5 shows the segnent at R 2)?

the letter "a'; X Figure 6 shows the segnentation of the letter "b'; 5 X
Figure 7 shows the segnentation of the [€tter'B ; X Figures 8a), 8b) and
8c) show the three individual segnments of the letter "B'; X Figure 9 shows

the segnentation of the letter "E; X Figure 10 shows the fuzzy group

menber shi ba I ofih\e i i rees;.and 10 X Figures l]la) -
d) show a&gel e?fl 8%;0 a)ggglge{q)clﬂglsgrr%%& hﬁﬁ?rﬁlgfl V&8 UiEEy “leﬁgeglﬁatlpa %Cé’?e dle

recognition. Midesr Bor Carrying Qut The Invention The foll ow ng nodes are
described as applied to the witten description and 15 appended clains in

order to provi ddgarendpkovss the scemandaiion ahthenlgtter 'alihe subj ect matter of the
present inyenti T ow ng exampl e rovide,a nore detailed outline
o mipursro Fra WRAAEHRTE 57 off RIGER

of one enbodi nmen pres exanples are intended to

be meraly X| | ustipatd ¥ eh@ns tiodegnahtatidd b i Ritet e, scope of the present
i nvention. The present invention provides a nethod for performng

handwri tt eh chdrigetesr8a)r @ogd §d)showAthsshpreovnidtia dualsegmeappal the Usttéo'B';
perform ng,the method. In the figures, jncorporated to illustrate the
features ot th lg}lgseﬁ]i‘o‘i"?‘]b?nﬁggwg‘t?t?%&g? IFB‘F’é nce numerals are used to
identify Ixke H@%ﬁﬁ: {OsRHeheRE fﬁﬂgy B 88m hri]?sdﬁas%gcc% #h8% i htation in
enbodi nents of the invention can Be performed using a processing system an
exanpl e of whi clegiessshodn in Figure 1. 30 In particular, the processing

system 10 general |l y include t | east a procgssor . 20 menpry 21, and an
i nput devi‘te 2 ,Igg%'éhﬁ}g a Cgr g}b%"lvcas selestiap %ﬁ&?’&?“‘{ étf@Egd?ré‘@H}V@SaHseé]uﬂlbut
devi ce 23, suchhascterdeebmyioncoupl ed together via a bus 24 as shown. An
NPWO3PCT 4 April 2006 -1

Modes For Carrying Out The Invention
The following modes are described as applied to the written description and
15 appended claims in order to provide a more precise understanding of the subject

matter of the present invention.

The following examples provide a more detailed outline of one embodiment of the
present invention. These examples are intended to be merely illustrative and not

20  limiting of the scope of the present invention.

The present invention provides a method for performing handwritten character
recognition. Also provided is an apparatus for performing the method. In the
figures, incorporated to illustrate the features of the present invention, like

25  reference numerals are used to identify like parts throughout the figures.

Methods according to embodiments of the invention can be performed using a

- processing system an example of which is shown in Figure 1.

30 In particular, the processing system 10 generally includes at least a processor 20, a
memory 21, and an input device 22, such as a graphics tablet and/or touchscreen,
an output device 23, such as a display, coupled together via a bus 24 as shown. An
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external interface is also provided as shown at 25, for coupling thf )
processing systemto a store 11, such as a database. Additionally, April 2006
stylus may be used to allow a user to input text to the system10. 5 In
use, the processing systemis adapted toYllow nodel and rule data to be
stored in and/or retrieved fromthe database 11. This allows the processor
to receive handwiting data via the input 22, process the handwiting data
and conpare thiz.to t he data sto#gg in ghe Stoéﬁ Thi s iln tyrn allows the
processi ng"WSIAL APEEACE A8 AHPQ PTOYMIED HhFReYVR A +hclfAl el nling HiE REAFENNE en
text. Fromyistng.told sWirkl110&uaRPIseq i Bkfshsd 0 Aldatoddls, B 9§8ES ity BY Hs6dtd O
may be any form of processing systemsuch as a conputer, a |aptop, server,
speci al i sedllavapdwar to, input t4xd tpithe systeim dher ati on of the processing system
10 will now be described in nore detail. 15 Herein is described a

nodel - speci fic approach to stroke segnentation for handwitten character

recognist i o, udenehe!giar@saxanpbem of adaied 16 pH6W medel gar Hilbrita Te6BRIGYES
for the optimzation of the procedure are also given, It is clear that the
stroke segie®HPT sptrieagd | semctheqdaiabpsred labdbis plowe theiRsacesOpip deceive 20

t echni que ons| i i +.q.the
extroms v apfing 1l MORGF 27 RRcE Pl EANEINGL bl R0 Jhip bl
by the seghentast stoned pr theedoree Oheriattung allode pen destekyingfsyktee tetdcopnise
recognition. This neans that, d nerative situations wll, produce . _
i ncorr ect t%éfgﬂaf%‘iterérfﬁck‘}ﬁlﬁgéns‘g‘g_ ST et ﬁ@gl 1, ”b‘@ﬂﬁéfi FPPEFCiYst ect
and cofqr €Clhat Bhd PRok&ing! SysBim WY &ihyabl et ﬁ)anooP%%@é@fn%_ LRemeBNYsSaW th
a single 25 character . e to the anbiguity of handwiting, a graphic
synbol naycdnawasen adiapfogy, sentvenespecivgised depbmatiengr the lilocal context; for

exanpl e, anbi guous letter formations may be interpreted differently based
on syntactic or semantic information (such as a dictionary or character 30

grammar) . Bhébpaativn offike prsbevdidbalsteht ok es11a Beesdrikddein hbat daanpri se
an individual letter need to be interpreted in ternms of the |ocal context

to ensure the correct interpretation is nmade. NPWO3PCT 4 April 2006 -11
Enbodi nent hg . J [ [ S l.-s I fd ecse [,on,
dol 2y Phe ek fsefas, AREIY polRHE 12 SROR sbEnBlAATF £ RRAh Ak
i nt egr at edchatdcter rdvegnitias sinéludimkieaimples of model-specific algorithms. Techniques for the

optimization of the procedure are also given.

It is clear that the stroke segmentation heuristics described above in relation to prior art
20 techniques do not always produce consistent segmentation points due to the extreme
variability in handwritten input. The problem is caused, in part, by the segmentation
procedure operating independently of the letter recognition. This means that degenerative
situations will produce incorrect results, and these segmentation failures will be hard to
detect and correct in the classifier which attempts to correlate the segments with a single

25  character.

Due to the ambiguity of handwriting, a graphic symbol may have a different meanings
depending on local context; for example, ambiguous letter formations may be interpreted
differently based on syntactic or semantic information (such as a dictionary or character
30  grammar). Similarly, the individual strokes and sub-strokes that comprise an individual
letter need to be interpreted in terms of the local context to ensure the correct interpretation

is made.
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procedure. This results in nore information about the type of segmemxatjl%ﬂ6
points expected by the letter nodel to be used by the segmentation® P
process. The nmetric used to segnent the 5 strokes is based on the expected
structure of the current character frontd-series that is bei ng recognized,
thus a single global segnentation procedure is not used. As each letter

prot otype, allograph or character nodel is conpared to the input, the input

strokes ar egnent e ased on tever t ni i Ll identify t

ori e oo HEmRGEERS <t BEART0n WELESE MERIMR, Moke cbBei bl oy, e
strokes i fitafibi oY @andvideléd keslak) Mlqwih@ &t _fo’:l'bé liﬁt@g@fedt Weh &Y BREN dakion
process to find the expected segnentation points for a particular letter

model meargfosedare. bistmamtsdn aaye infommationabowstie fype of seamenéaiinrmeints exneeiri ng
ef ficient E'lé)rgz{ RIodETP@GJeSus’eE%t Ose%&ten&ﬁ{)]ﬁ; protc 3 @E@g{e@‘lc 1%%@ '[hc.lregfn%nptg;et he
ers a charac a Styl us, an

input. 15 I'n practice, the user”en er “using t he
processor , stekecistbasg an thp erpcasd shacies b thecatert ochaditeeMdm af setibethhtiy 8eihg on,

letter js ‘a',, and will attenpt to

first checks whether the jnput an .

segment t HEC9ERAsE: fgle%ﬁl&gkggq?bﬁlmem@w@@@@ﬁw iFBPtusRd 2’ . It then
continues to check the input against sonme or all possible data entries, for
exanple, '"b'-'z', scoring each attenpt. In this way, the result having the
cl osest nuAsbadhsleté¢rageiotyred abegrapteor Staraatgruhodedtis esmpated ti thalihputstherinmg

schene is disclosed |ater, .There may be several mogdels for _each.letter to
t ake accouﬁ’i&fﬁ‘ af%éegefﬁ?rﬁ%? on; WX@\tﬁYeEhte&}m%“aﬁr t"Tlﬂ uﬂdﬁ?tltg’e?‘f’e?rlt??ﬁ pguts,

wittem ReEullifs ARG ore S:@Hﬁst@ﬁ@(lﬂﬁcgm‘tfyg&iﬁgn bheénd &EJkBE intd 'prfhﬁti{/é@hdhi-tiéﬁa
Itre O

18/
upper case 'N on its side, wh ers wite it to so that it resenbwlqes

t he nunberthg'failyrg afithe segweridtiom proogks foe fisddhe lespectad prgtieentation areints (fory a

h- same QPG R BRHT RS e st oneES o P Y RSBl

cached to ¢fidieatecullig; agedRiy thii A n@heCESEHE BendpMetiieatt offt inpast ance, the
letters '"y' and 'g' have simlar depending tail segnents which may be
cached as 30 described. Recognition begins with some sinple preprocessing

h en . ' . . q .
St g o PErs oy AR chdibiey WY 4 HEhIEn 36 Bk SRR 1
Apri |l 2006pregamioisyfprmand endwdinheny ofi dekisvdntion) filsecHzeky whéthey thethpenkdttefist he

SLrokes. e Mol QLS M s BTSS0S S5t L BSPRY S o IF D M

continues to check the input against some or all possible data entries, for example, 'b' —

'Z',

scoring each attempt. In this way, the result having the closest match is classified as the

20  input letter. A suitable scoring scheme is disclosed later.

There may be several models for each letter to take account of the various ways in which a
particular letter may be written. For instance, some people write the letter 'z’ to look like an
upper case 'N' on its side, while others write it to so that it resembles the number '3'.
25

It is noted that while each letter model potentially requires a segmentation procedure to be
performed, many models will use the same or similar segmentation points, meaning that
these points can be cached to reduce the segmentation processing overhead. For instance,
the letters 'y’ and 'g' have similar depending tail segments which may be cached as

30  described.

Recognition begins with some simple preprocessing to remove noise from the signal. This

may include techniques such as smoothing of the sampled points (if the sampling process is
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duplicate’points or re-sanpling to enforce a m ni num di stance betwe %
sanples. 5 Each letter nodel defined in the handwiting classifier apri}22os
a segnentation procedure that will be perforned on the input strokes. The
segment ati on produces a set of segnmentdf2ron points that will be used to
partition the stroke into a series of sub-strokes. The algorithmworks on
a single stroke at a time. To avoid creating stroke sub- segrrents that are
too small tq estructura | ev a mni msub rok | e

cal cul at ed?®%d edotrmopeng eolawgpgn fhe Regguing an Hadseh Higestroke \xﬂl@{;ewalﬁdpr =
coor di nat eghglyiQQioRtusk ik 72 8k por O a1 e Ho Bkt 2 By

| ength thr esﬂ{m% 0errpsl ri craC setpt oes. I§)é-gmer? at i or? pr océedsrpyvm th t%e

al gor i t hm dupdicae ipnipts drrrotsghplifetosafiptes mmﬂmdm fistanesbet®een wepldsf i ed a
potential segnmentation point as defined by the current letter nodel. If the
correct point cannot be found, the algorithmreturns a failure, indicating
that the ipRUtlcfl@eRoddUefi ﬁ@dlfuPEH@ R divhieing tld4GitieF 8eﬁ%i&§%0§egﬂleﬁﬁénbxli\%rdc€a&1@f
model . Qtherwise, if the two sub-strokes created by splitting the stroke
at this pothat will] be merfoamedron Ham infuii sirokehe The r ssigmentatiop| produges thaet gfoi nt
and proceSS|n der tr e

2Ub- St r ok e BB LRHERRIIR tclSed BTRABEGL LS SbRERREL BERs of MRS The ana
processi ngalg&ithmnm&s ohaihgld dtroksapIEReaTd aloif @idatifg Etm sbaaégrﬁmg fhat dry
identified, the _procedure ends and indjcates to the recognlzer t hat

segnent at i ©A small o hecErshurlly Televiagt, agnmmpmaubtsoke fengiisi calculated hased 4
arbitr ue as indicated by 30 the expected structure
of the aH§§§?§? %%1 jﬂﬁ&?@b "sone nodel s nay not require any stroke
segnent ati on. For exanple S|nple nodels for "¢’ and "o may sinply match
the input directly, without attenpting to reduce the strokes to sub-stroke
primtives. Generally, NPWO3PCT 4 Apni @p 1P3 there is no information
to be derived fromthe segnentatloﬁ“of $e“§t'ngle ballistic gestures,
and al | owi ng mat chi ng agai nst the un- segnented strokes can avoid the

probl ens that can be generated by traditional segnmentation techniques
(e.g. the snnot@hgglocity-

15 Di = coordinates of point i
n = number of points in the stroke
A = minimum length threshold (empirically set to .05)

Segmentation proceeds with the algorithm iterating through the samples until it has
20  identified a potential segmentation point as defined by the current letter model. If the
correct point cannot be found, the algorithm returns a failure, indicating that the input does
not conform to the structure expected by the letter model. Otherwise, if the two sub-strokes
created by splitting the stroke at this point will be larger than 7, the stroke is split at that
point and processing continues with the remainder of the stroke. If either sub-stroke is
25  smaller than 7, the segmentation point is ignored, and processing continues. When all
segmentation points have been correctly identified, the procedure ends and indicates to the

recognizer that segmentation was successful.

It is noted that letter models can use any arbitrary segmentation technique as indicated by
30 the expected structure of the handwritten letter, and some models may not require any
stroke segmentation. For example, simple models for ‘¢’ and ‘0’ may simply match the

input directly, without attempting to reduce the strokes to sub-stroke primitives. Generally,
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curvature profile can cause segnentation to occur at an arbitrary p‘fi nt. 0
depending on the 5 style of the witer). The foll ow ng exanples il ﬁg{lll(?ﬂeﬁ
t he segnmentation procedure for various rrl'gdel s. Figure 5 shows the critical
points 30, 32 used for the segnentation of a single-stroke allograph of the
letter "a'. 10 Assuming that the nodel expects the stroke to be segnented
at the top of the letter stem 32, the segnentation algorithminitially

2t tor tni o o osgbSfpaidt M R Reiel Wi ol MAhehcon, bE Mhes? s L 2

segnent at i gestupes, ahd alNoviag toeachihd) egalngtithd ohHsegtkenita] sikedisdaviodd the problems
segnent at i re that .the correct Y-paximum 32 point

, b 15 sinply to.. )
i s found. T%]tt ?FB’UU ¢ fgie‘i“grlf‘tggé%r @gﬁlﬁ‘g}”‘s# SFemepation fq_cgqnql_s}esrﬁefg. Hmsmeothayelocity-
I ncorrect m&e%gﬁﬁ%h%apﬁdée%ﬁﬁhﬁgoﬁ% oS0V 158 EEBL%{f%mﬂpanfeg@hgﬁ)[nnt?hg

that this procedure will he correct segmentation polnt
exanpl &s ditdewedvmiet)h regard to Figures 1 -3 above. 20 As a

counter-exanpl e, assune that a handwitten "c¢', as input by the user, is
bei ng matched wusing the "a' nodel defined above. While the_Y-m ni mrumw ||

be found, ThefolEipexhfipld illSHHRARAN EEmNmATR TN for {atidus P eidtSsW | |

not be matched as segnentation points. As a result, the segnentation
procedur e shows thegritical prints 0] Fouser dor thesegnmptatiod of ¢ singte-siwke hilograph gfther al
structure erLQ,e .nodel, allowing the nodel to be renoved fromthe list of
25 potential matches. While the above segnentation procedure works well for
a nunber of letter nodels, other nodels will require different algorithns.
As a sinple exanple, Figure 6 shows the segnmentation for a nodel of the

letter V. A¥umingibghibamadgl expsets gheetroke gxbe semsgied ghihsftop pf the datter semsi2,

Y-rrinirrum'géé}ﬂ‘gg it ggégefa i AiHimdS: |
verti cal Itlhng Su -%@gﬁgéﬁgrﬁgﬁglaygs{c/% 0 }gﬁa%g%?q{sl%mg@r3gﬁgl.ggﬁ&%§t 5%
conpl ex seyrenVampximunr 82 afterr this oinfi 30eif the Yeigeineurd is NOWQOBOETing ishpaikled 2006
-14 I'n the si n% e-g.roke.rmﬁel %1;6 the letter "B . given da ove, the first
segnent at i Brf* P quion ROF L YOl that ther Y praininguig; 3 i pat aiged o3| Segmenigtiom; it
Y- maxi fum sydplyStofeAstiRE that el @¥¥REt P¥maximum 32 point is found. Without first searching for

an initial Y-minimum 30, an incorrect Y-maximum could be located (as show in Figure

4b)). Also note that this procedure will find the correct segmentation point for all the

examples discussed with regard to Figures 1 -3 above.

20 As a counter-example, assume that a handwritten ‘c’, as input by the user, is being matched
using the ‘a’ model defined above. While the Y-minimum will be found, the search for a
subsequent Y-maximum will fail. End-points will not be matched as segmentation points.
As a result, the segmentation procedure will fail, indicating that the input does not match
the general ‘structure of the model, allowing the model to be removed from the list of

25  potential matches.

While the above segmentation procedure works well for a number of letter models, other
models will require different algorithms. As a simple example, Figuré 6 shows the
segmentation for a model of the letter b’.

30
To segment this single-stroke allograph of ‘b’, the first Y-minimum is found and used as
the segmentation point 40, producing a vertical line sub-stroke, and a curved ‘o’ shaped

sub-stroke. A more complex segmentation procedure is given in Figure 7.
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an X-m ni mum 54, which is, used as the second segnentation point. f
shows the 5 segnented letter. The result is an initial vertical I| pr12006
sub-stroke as shown in Figure 8a), followed by a curved “p' sub-stroke in
Figure 8b), and followed by a "sidewaysd#* sub-stroke in Figure 8c). This
segnent ati on approach is robust to variation in curvature and velocity, and
produces 10 consistent segnentation for a wide variety of witing styles.
On the other hand, the gl obal segnentation procedures used in the prior

art can produce very inconsistent segnentation of handwitten letters such

as the ondnghy emghbaike el HFARD SARENB’ QiveloMboee StheffirstUsasatertation Patht is
consistent_velocity of pen-strokes. 15 Not all letter nodels can be

consi st entfPyndseighe firs o -tinimypnx S0 akellowiag thisrmY -IrefimeResp issfound; fglipwedby hows

X ni e O Sat i MR LOKE3s BOSERHA Reh Ol AP Klus M e

especi al | wegméntehiteetter is somewhat rotated or angled. Simlarly, using
Y-minima will not necessarily 20 produce the correct segnentation. For this
al | ograph, the two points of highest angul ar change in the first stroke

can be useg,for, éﬁ?qm{@t\le?ﬁbalm ¢ k&t o3 SHAGH! rﬁfe gﬁﬁars%f}m&v PoyLturved

required to find these points, since the two nts o curvature
can be easpl subFsitokd in ngusao%h); agl follewed by at’ ‘ardewayﬂ-mj&mbadtrokauhﬁgurerm) Nos e

sophi sticated processin ssible; .for .exanple, surin

St ar GRMBORETS SRPOGH & EBRbe eetDr it GBIy calatclreagrHy prodices
Over al, aerohslgteﬁcrdegmeﬁﬁﬁm for ARAR! %%E%}%fﬁ!\/ﬁtﬂ%ﬁ%é‘t@ﬁ RNotASSIRAdOthe@ilybal
structural feature of the input stroKe can performed to ensure the

correct s@g@nmtamropmp@imssmd an mpmm @'hmryproﬂmmwry Tm@nsefgmematen@hon
d it
P der ot Fal TR0 RO Sachds ebe g G HnovRhole depRirhe b e dlits 9#5 Htied

by a cusp,anfiebhgistest velocy dopair-sitdleke (e.g. sone allographs of “d', "g',
u, 'y, etc.) As aresult, the sub-strokes found can be stored for |ater

use when matching these simlarly structured NPWO3PCT 4 April 2006 -15

nodel F r t I
Fopr eaint Ao p mddth il bk AR LA ey RRblE For ovample,
prevent r digat&dhdeathersegexitatiamt ofontwoMiaroke aflogragh of the kettes Bjrent at i on

techni ques that can be used will require sub-stroke 5 distance and
curvature information. To avoid recal cul ating these val ues every tine

stroke  Using X-minima to detect segmentation points 60 and 62 may not be successful, especially
if the letter is somewhat rotated or angled. Similarly, using Y-minima will not necessarily

20  produce the correct segmentation. For this allograph, the two points of highest angular

change in the first stroke can be used for segmentation. Note that an angular threshold is not

required to find these points, since the two highest points of curvature can be easily found

by sorting the curvature values at each point. More sophisticated processing is possible; for

example, ensuring the segmentation points produce sub-strokes of roughly equal lengths.

25  Overall, arbitrarily complex model-specific segmentation based on any structural feature of

the input stroke can be performed to ensure the correct segmentation points are consistently

found.

The segmentation procedure described above for the letter ‘a’ will work for all letter
30 models that follow the basic structure of having a curved region followed by a cusp,

followed by a down-stroke (e.g. some allographs of ‘d’, ‘g’, ‘w’, ‘y’, etc.) As a result, the

sub-strokes found can be stored for later use when matching these similarly structured
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segnentation is perfornmed, a secondary data-structure can be created to,
cache the values by storing a distance and curvature value with ea ﬁpﬁbzw
on the stroke. The follow ng description_illustrates how nodel -specific
stroke segnentation can by used 10 in tlhe recognition of handwitten
characters. Wile the exanple is based on a fuzzy-logic based classifier,

it is apparent to the skilled person that this technique can be used with

any classifier e t can utilize strok e tion, and the
procedur e IB%C?‘F? eﬁ‘éﬂ'ﬂ’l i}a t‘}fepélgt_?'ﬁ%?l%?f eYCi ?ﬁ“_é’e’g‘f(f S‘gt%&é’% s tRPReSgtation before_

el asti c- mejlgkifieglonatd feitatd vekiotadanteadsibd t@;?]révenlée_p@t@d BRI 8Lthction.Mdel i ng
the inprecision and stylistic variation of handwitten characters is to

use fuzzy logic, which allows the definition of sets of criteria that are

not preci ' E i .assi fi er r y L gning.an i nput
signal a Z\ggér(yegg g%é rrgrgg%ee rs’ssgrlﬁ%mgt? 0 gecglhlgi;% ﬁrrlggé:ﬁn \é%é%pésr? i Vr‘{gF g%q%ﬁmgw&\kgﬁﬁl()k?he
feat ures nditadvetdng dutvdtyte info@RatidTodRsed tdogictilatng MReevaluSliveap titicFstkoky

logic classifiers for handwitten character recognition_are described 20

further i rregmantRien ispsHiornesch aseqandanveistaetiBictuie Fahbs Grateshiq ¢aghe the yrliesby
Char act er kit 4 QN I ttern Recognition
(1 cPR 95) SRR ag LR BLEOMLO A SO bR B38| Pt on of
Handwriting Patterns”, Pattern Recognition, Vol. 30, No. 10, pp.

1591-1604,_.1997. 25 an. example, a fuzzy logic rule for defining straight
| i nes may Té}?ﬁﬁ??fﬂk%r@?fb@ﬂ%@ﬁ%r%@t how éFHP@ C|SHQES Sqamgniatipg Gy t%’?F‘?

lines foHL)in thd fé;@§grﬁﬂ‘ior?|9{|5h5dd‘6@%t§h%ﬂﬁraét€§) w@%q%ﬂﬁ S

'ﬂﬁ&?l@%@ésieél 8n aS @ny-160YS) -
Clearly, nost lines w not fit perfectly in these restlrliacted sets and

wi || usudtassd ¢lassdies itlspppercot tortherbidHedhpgrserthabihis tethamquertandk ustrbwihgey s.
Thus, fuzz(%{ I&giﬁ ed fines at.ll.ogi ca% set n(gttati on v‘y_gere sgt menbership is
gradual ra REVTE ERF 5l o8 B atﬁ? §?gnie(5wl’1°f1u§f“iia BPIYEHE 61 s e
group mentigsdporptell 6 sirGdtaral Qfuck by é!bﬂf&tmbtbﬂiﬂg) ardiSstAlRtit A1 Rthsfifiersnor mal i zed
orientation (1 n degrees). NPWXO3PCT 4 April 2006 -16 Figure 10 shows a
series of bell-like curves. As an exanple, the curve | abelled VL, neaning
Vertical Ld fi f. 1 ' . . Js)

nor i zopt al Oy EREHp 26 e 1Rl for ¥yl SR AR obfh bl
bel ow 45 tist@ubd fizky laprerwhidh allbwwithehddfinitsen of ssesf ciiteri®Ghdrave ngt @etisdher

weighting., Simlar curves are sho for. Horizontal, Line HL Negat.i.ve
S opi ng. LidrBuS} oL e fRrE Nalay Fivign it ppCy Tkt gt e R Uy
logi ¢ cl asgiafthgly RQREUSIRIRE A RN well tHeUbRarel AdkcHIRE RSy kel M duRbrideaht er

model. Suitable Fuzzy logic classifiers for handwritten character recognition are described

20  further in: "A New Fuzzy Geometric Representation for On-Line Isolated Character
Recognition", International Conference on Pattern Recognition (ICPR'98), pp. 1121-1123,
1998; and “Fuzzy Feature Description of Handwriting Patterns”, Pattern Recognition, Vol.
30, No. 10, pp. 1591-1604, 1997.

25  As an example, a fuzzy logic rule for defining straight lines may contain the following sets:
vertical lines (VL), horizontal lines (HL), lines of positive slant (PS), and lines negative
slant (NS). Clearly, most lines will not fit perfectly within these restricted sets and will
usually have a degree of membership to more than one of these sets. Thus, fuzzy logic
defines a logical set notation where set membership is gradual rather than discrete. Figure

30 10 illustrates a set of possible group membership functions for straight lines, as defined by

normalized orientation (in degrees).
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nodel s. These rules match stroke and sub-stroke primtives agai nst ilAsetlz%6
generic stroke 10 shapes. The rules also include relative position pri
information used to distinguish letters that are conposed of sinmlar

primtives. The linguistic primtives uskd include an “o'-1ike curve (OO
shown in Figure | la), a c'-like curve (CC) shown in Figure 11b), a
“d'-like curve (DC) shown in Figure 11 c), and a vertical curve to the

right (RVC) shown in Figure 11 d). 15 For each sub-stroke, a degree of
menbership in these primtive sets is calculated based on a sinple

struct ur al Figh! j0sdhsweta sthies TtbeDXRS cUbiehOAS iifexaipld Ma@riThpsiratvign: t he
absol ute stroke _curvature, the position of the start and end points in

rel ation t@earee Netical higesistingd asefeof lises whish, when eomepagad te sitaeihorizestal he

i ne bet t . kit . 111 QRa 4ot L VesoLEFT,
e b R A TR e R AR ko P

boundi g bwith dfost bi®s¢setd 20° haaing d Highes tweagtging - Sintikar puirves dre ylesvidfgcr i bed
above (VL, HL, PS, NS) al so ed. Sonme _typical rule exanples e: 25
RULE "a': (exzqnigtdjineg (HEpNgE g hjpey @Pg£OﬂP@-ﬁ4an L Emeg Py g
LEFT, (OC |1 DC) & RIGHT & BOTTOM RULE "c¢': CC RULE "d': (OC |1 CC & LEFT &
BOTTOM VL & RIGHT 30 NPWO3PCT 4 April 2006 -17 In the rules above, the
“1' synbol Thedianatle Suzeyf logioycl@Rifier lwonsidis of yandeo lof irnlds ¢leet elsfine indivigual AbiB;r

parent hesi s indi.cate | ogic recedence nd a .conma i ndi cat sub-stroke
ormos! &1 ootLr Tese S yakketpRe ad piigsedhs raBuRy Sairihe SRetecBirs REPkComm
i s evajpat @epesu ThoGuld @lsblihdhideSRitE RkiBion HBrBXRMAESH 8 dRAng NG fettbiRtthats

eval uated using the second sub- 5 stroke, with the results conbined using a

fuzzy AND)are agmapsedxdrsphidar priveitives: dhe lingwistcaprinives uskdanclpdy aies-likggutvg'

letter is "9 ' -1ik FVe, 0of c &1:..C - | curve .l te the.left and
centered v@jrt})l %é)ﬁnyfni lﬁlgﬁ]éel 1I%2a?tat er ',hkF &ufvgv@ )b%\ognvlg&ﬁ?uggﬂ l{jﬁia‘n{éi '(l)li( gghwe
vertical c@Q@ehbantih®idurghlc), dndeategtcadturvBeo thiegizht GV Cshohatih Bigurd 11d)s

noted that there 10 nay be many alternate rules for each letter, nodeling
the stylistic variability of handwiting. Wile these rules describe how

the prim tEyes RLS.- (o) : 91%51’ : : i.ndj e

how st rokes ar% 5ec%?r‘i)go%’sigggr%?éfrtﬁ%gia%rgllﬁhlglﬁh\?ggs) . glvggg%ﬁ¥%10@§%$b¥g? gﬂitas
simple structural analysis of the strokes using the following information: the absolute stroke
curvature, the position of the start and end points in relation to the bounding box of the

stroke, and the orientation of the line between the start and end points.

20  The positional primitives LEFT, RIGHT, TOP, CENTRE, and BOTTOM indicate stroke
position within the bounding box of the letter, and the straight-line primitives described

above (VL, HL, PS, NS) are also used. Some typical rule examples are:

25 RULE ‘a@’: (OC | CC) & LEFT & CENTRE, (VL | RVC) & RIGHT
RULE ‘b’: VL & LEFT, (OC | DC) & RIGHT & BOTTOM
RULE ‘¢’: CC
RULE ‘d’: (OC | CC) & LEFT & BOTTOM, VL & RIGHT

30
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15 associated with a nodel -specific segnmentation rule that is execu )
agai nst the input strokes bef ore the ruI e is evaluated: RULE &' : RI{/‘IZQD‘S
MAXy RULE "b': MNy 20 RULE "c¢': RULE "d': MAXY -> MNy 25 RULE "k': M Ny,
MAXy, M Nx 30 I\/AXy represents a search fldr the next Y-maximm M Ny
represents the search for the next Y-mninum The -* synbol indicates that
the point defined on the Ieft is found first but not used for

segnent ati.o roit found 1 Q. ensur S uent oipt is
correct |y it leriabanst et h P DR gICHES A FEa DB U 3 ool THBERAS S B ¢ os
only a si n&NB Sf)a{r&hﬁesmarlﬂd&f[blsldg%ﬁpo&@&;ﬁeﬂcea\pﬁﬂd @%ﬁuﬂé‘-&n&‘i@a@@%%&ké on

is perforned for that nodel i's shown as an exanpl e of

rul e cont aiomipogition Iusmglaeﬁlszsgﬁblrﬁ éttq dn: q;mrems@n ohghe tEfi of thhsomndeis eyidwpm ed.
Once the strok erforrre cific rules
Che sub. st 10k b SEXTRE Biok ey Rafehyofah: bt Hehe s PR R EE b G

stroke scl agore, willlhe ecsIRTbGHBIREPuiAE u«f@zzgmxnbhen used to evaluate the
structure rules, giving an indication of how well the input matches the

letter nodel. Each letter nodel is simlarly evaluated, and the input is

classifiedya Ega?n@%,atﬁg ﬁ?Jt r&l@ecaﬂ‘%g% cf Qsafon%}éeﬁ U“?et%'rgi‘ﬁﬁt‘ f ML e or g

menber shi p v ai nat ruI

and each rul-gkd cwwafcadzdfm ml%leﬁhmd csmgmhteazbdam zﬂﬂml@mhfd]bwbé byak\emaaﬁ t he
expectatlon that the jnput character is the sane as he character being
tested forfineqr ¢ KETEdHER &fﬁﬁﬁlﬁﬁtéﬂ%ﬂ%ﬂ& e ateh Oféﬂ%rl%tre}t e hat kst be

perforyed Iggypf i ?%at.nli}e L&H&E fha a6t %c@Q%ern%?&‘e@iﬂ OfHd! Et?/hf, Pf-‘ VaRRif6! @

bei ng teste e rule, then a zero or core w be attached to
t hat atterhmdwntlngasa fication. 15 The invention may al so be said broadly

to consist in the parts, elenents and features referred to or indicated in
the specification of the application, individually or collectively, in any

or all comyhnaihds suled dés\éﬁb@ﬁomeeplﬂ‘futﬁ%é ﬂre%mp%se@toemléu&rmow%w @s.
and where specific integers are nentioned herein which have known 20

equi val entsotiindicate hove strokearire leeompesedentd Bie préntives, Te Wohthimeaph rule is

equi va{se Nt Rs&idied with a model- specific segmentation rule that is executed against the input strokes

before the rule is evaluated:

RULE ‘a’: MINy — MAXy
RULE ‘b’: MINy

20 RULE ‘¢’:
RULE ‘d’: MAXy — MINy

25 RULE ‘k’: MINy, MAXy, MINx

30 MAXy represents a search for the next Y-maximum. MINy represents the search for the
next Y-minimum. The — symbol indicates that the point defined on the left is found first
but not used for segmentation; rather it is found to ensure the subsequent point is correctly

located. Note that the classification of the ‘c’ model requires only a single stroke, and thus
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deened to be incorporated herein as if individually set forth. Alt dgﬁ %ﬂ@
preferred enbodi nent has been described in detail, it should be ’Q{

t hat various changes, substitutions, and alterations can be made herel n 25
by one of ordinary skill in the art w tH8ut departing fromthe scope of the
present invention as hereinbefore described and as hereinafter clained.
NPWO3PCT 4 April 2006 -19 CLAII\/IS 1. A nmethod of performng Written

character recogniti.on.on an |n char ac t he t od co |S|n
steps of glﬂ(%?ﬁgweﬁaﬂ%wea? r@% %w agls Ifgﬁhal? @msas 3xaa@ %s. ng

the input GRAUACHERg bk 1@&%&&%%%&?@%&%{& (fi‘@éf% gdafge wth a

segnent ati on scherre assocl ated wth the character nodel; and (ii)
eval uati ng said segnment or segnents agai nst a segnent rmdel assom at ed

with the p ese aracter uch .t hat val ua du es score
Lo i cal0uE B TR SRmehplR fpeTomi uene G ofrbdhs e R Rt o o
nodel tshatar@m@lyﬁ@di b iR gl HTGREMBGSHIS iRARL g&ilehis Stbid @Hsk?ﬂhé&@%erﬁﬁb@ih?}t er
as the character associated with that character nodel. 15 2. A nethod as

cl ai med i rvaduesiamg thenhisedineydheate e sitictire faes, redvog ah tindpation enfeow iellghe
letter, Zlﬂ ihteRds, fe (f‘tn%'g#ei acme%er r%ode'f‘l n?hnhﬁﬂ& te%%]%at%d Qi {hg i %&'1@ 1

or claim erernthe s ep econposi ng he I'p arac ohe or
nmor e segmedissified ap tefolusgoths wedel that gleaﬁﬁheh@@ﬂﬁzzyiiﬂerﬂl&&slﬁp mﬂne.rmm | engt h
according to the followi ng equation: In;n = 111A - p,-111 where 25 =

m ni mum | ength of segnent = coordinates of point i = nunber of points in

the stfokey, GnthilyMemy 6ot s tdU&RShQlift each rule, and each rule further defines the

segmentation approach to be taken in the expectation that the input character is the same as
the character being tested for. If the segmentation for a particular character model cannot be
performed because the input character does not conform to the character being tested for by
the rule, then a zero or low score will be attached to that attempt at classification.
15
The invention may also be said broadly to consist in the parts, elements and
features referred to or indicated in the specification of the application, individually
or collectively, in any or all combinations of two or more of said parts, elements or
features, and where specific integers are mentioned herein which have known
20 equivalents in the art to which the invention relates, such known equivalents are

deemed to be incorporated herein as if individually set forth.

Although the preferred embodiment has been described in detail, it should be
understood that various changes, substitutions, and alterations can be made herein’
25 by one of ordinary skill in the art without departing from the scope of the present

invention as hereinbefore described and as hereinafter claimed.
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4. A nmethod as clained in any one of the preceding clains wherein i%.th
given input character can not be segnented according to the segnent ApEi; 2006
schene 30 associated with the present character nodel, then the present
character nodel is rejected as a possiﬁﬁe mat ch for the given input
character. NPWOXO3PCT 4 April 2006 -20 5. A nethod as clained in any one of
the preceding clainms wherein the evaluation procedure assigns a score

whi ch rewards cl oser conformance to an ideal. 5 6. A nethod as clained in
claim5 wherein the eval uation procedeggggﬁfs fuzzy logic rules. 7. A

met hod as clainmed in any one of the pr& I'ng clainms wherein each
character nodel may have associated with it a plurality of segnentation
schenes to ;}0 facilitate recogpition of different forms of the same
character. 8! A ot ‘é’tg Ef“aﬁ MiRE aAYitiSHe CBIracisE FHcagBidiong 08l an ninput

wherein different chdrdL &S, tthrm%BQ'EBﬁﬁd ond he 'tggsggf.char acter into one or

nore segnents may be defined for different c cter nodels. 15 9.
Appar atsus f ofa)per farasich @ flrapldwlitytodichehmtachedelsecogni ti on, the appar at us

i ncl udi ng: j nput surface responsive to the novenent of a.stylus

ther eupon 1 of) ds5OPoRHE s mRF SBeClar; hlf GBS orampESrgments 1B Aeatiepe f of

recei ving saindth HBeEm Sithiith YUShANE afIoREASS with BRI GhakdHI modtl; AHHUS, wherein

said processor is adapted to performthe method in accordance with any one

of claims | {id) 8valNPNIDIRTT segMBETRASTEMPIIScigsded 4 segment hodebhsywsidted ni ng
written char e tnd %?eosgﬂ{ tchg&ctérngoﬁgf,n&ch that the evaluation produces a score
10 indicative of conformity with the model; and
(b) selecting the character model that produced the highest score and
classifying the input character as the character associated with that character

model.

15 2. A method as claimed in claim 1 wherein the character for recognition is one

of a letter, a number or a punctuation mark.

3. A method as claimed in claim 1 or claim 2 wherein the step of decomposing
the input character into one or more segments is performed such that each segment

20  has a minimum length according to the following equation:

lmin =A Z ”pi —Pia "
=2
where
Lnin = minimum length of segment
Di = coordinates of point i
25 n = number of points in the stroke
A = minimum length threshold
4, A method as claimed in any one of the preceding claims wherein if the

given input character can not be segmented according to the segmentation scheme
30 associated with the present character model, then the present character model is

rejected as a possible match for the given input character.
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sequentially conmparing a given input character with one of a series of
stored character nodels. The step of conparing further includes théAprdg806
of deconposi ng the given input character into one or nore segnents in
accordance with a segmentation schene &9sociated with the present
character nodel; evaluating the segnent or segnents agai nst a segnent
nodel associated wth the present character nodel, such that the
eval uati on_ produces .a score whi ch neasures _.the degree of. conformt ith

S r epcat PRgiahag SeRedinCaRpAengTr OF Breppang Flams s Whetsit s,

t he nodel ;“'rep

model's in &heuaRN $foldusdakgichera TRERI SvhidRdeSat&E Lidd8r IR foraliRcaCcio an
nodel which is assigned the highest score and classifying the input

char act er idsalt he character associated with that character nodel. Figure 8

5 6. A method as claimed in claim 5 wherein the evaluation procedure uses fuzzy

logic rules.

7. A method as claimed in any one of the preceding claims wherein each
character model may have associated with it a plurality of segmentation schemes to

10 facilitate recognition of different forms of the same character.

8. A method as claimed in any one of the preceding claims wherein different
rules for decomposing the input character into one or more segments may be

defined for different character models.

15
9. Apparatus for performing handwritten character recognition, the apparatus
including:
e an input surface responsive to the movement of a stylus thereupon for
20 producing an input stimulus;

* amemory;
e a processor for receiving said input stimulus and processing said input
stimulus, wherein said processor is adapted to perform the method in

accordance with any one of claims 1 to 8.
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