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

ner -wr [t np R BB P PR BEaEy THhpHE STOER Rl ARBuR Pyl ar

devi ce. acknowledgement or any form 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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NPWOO3PCT 4 April 2006 -2 Most pattern or character recognition systems.lzoo6
perform sone kind of segnentation of an input signal to identify tﬁé“’”
fundanmental primtives of the data and tg mnimze the level of noise in
the input. Segnentation is also perforned™to reduce the anount of
information wused during feature extraction, and allows pattern recognition
to occur on nore abstract 5 features of the input signal. In handwiting

recogni ti ogy Sy SHRAE or 'cﬂgja%/}&d Ha%lg)gr%{l{n? %gﬁelﬁg %ﬁggﬁﬁgoﬁg W&q%)n@ geigi\ln%trl?at%n Q}lf'rgﬁer

of sub-stroke primtives durin Ieprocessi hese IIDI‘I s are then

passed to mphesignal eo idextifyabe ifomiamesdtdl eriafitivised til d€ hhd/tof @inifpdletths evel of

classificati,on, In cursive or ¢onnected print 10 recoglgi tion s¥$tem, .a
108sed

singl e st r¥K¥ HafherigpileSeameniaiion (halio preomed o redues DegimANIROF dHormgat
to identifyRohipM 'i@étg}eeéﬁt tignﬁgd?ﬁnﬂms R E@cﬁ%ni{\ﬁm(o d& ! bt bstract
ed by t C

t echni ques have béen descri e researc mmunity, 1 ncluding sinple
appr oachesfebmsedidie inhet sigrmperti es of the human notor system Exanpl es

i ncl ude 15 segnenting at curvature mexima, critical points, and velocity
extrema, or a conbination of these techniques (e.g. |ooking for points

wher e cur VR{ kin@weiing 8% gaitdn u§htemis! ddVidlalBiroleR1aRC bA&) seoflehfll iSRRG RerNasS

proposed using ballrstic gesture detection, independent ~ conponent analysis
of the st r@ﬁ@\g:st@h@ prisfined during areprosiessing. dihieseyproniivepars thieprpassed to a feature

segnent at i . rokes. 20 i he abov rocedures use handwitin _
gener at i on&grsag{l%lgh*ogld%ao&tlf%%\é%?t?yséoé rpgﬁ?@t ‘ﬁ%ﬁ%‘,f{%a%?rh &P CP@an?rqﬁ?Qgecé?dep‘g‘gs ed
on t heiger eepdridon PSS s sinkRystioke ey Aébfe@dt nitae athinnGie tter ot REMentatior i€
perception of the | ocal relative positions of primtives thus positional
extrema pl wpdimideptidygroteial lebieresepmentaion peidtni ti on of |etter shapes.
Perception based criteria for segnentation 25 include X and Y extrens,
cusps, and stroke intersections. \Wile stroke segnentation can inprove the
accur iacy gMaay lsegmalent zittdnrtgc}rrmpmg'f thiaté bebtnsdes trétrad hyml:leg/et:)sefmh a?mnﬁmli)tglj ingmﬂ?],g |k t
can al so be a major source of recognition errors. st notor- base oke
segnent at | SAP YPARFELBEH Y RS ROPRItSY Ogith%%ﬁ%?‘\ 010K SELEB| Hxgmplss ting

30 segpent s%?k@ﬁtiﬂ@hﬂ@vatﬁ@%ﬁfnﬁ,gcﬁtﬁaf PENROSR Wity &AL SEEN orsBhhtdd 819 Of
strokes that are
these techniques (e.g. looking for points where curvature extrema and velocity minima
coincide). Other 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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poorly fornmed. Figure 2b) shows the incorrect segnentation based ony 120
curvature extrema of a badly witten letter “a'. NPWO3PCT 4 April é@ﬁ% (}56
In this exanple, stroke segnentation isngei ng used to partition or segnent
the circular body of the "a' fromthe nore |linear stemusing the extrene
curvature at the top of the stemas a segnmentation point. Figure 2a) shows
the correct segnentation point (as indicated by the cross). However,

Fi gure 2b) r r I.NS| ek L C i
i 951 ng-t 1e DS EnOH HEMY SRREERTT YRR 8 I e BB e o iby
resul ting ofitht he franmdermeetlireegstemtiaingahe oftrdnecistatoleent théelop @i the stem ak a0
used for segnentation, si.nce ndwiting i s generated by series of

bal l'i stic REhed Pmn.t-zl%lg&r@c%? shavs Hy foesist ?qge}egﬁa&ml ppal_tgasp@é;@avef%ﬁhﬁy,
then decel §ba)i ABwaer! PiduRe 2bPHACH RPIMir - exBBMUIONRIdR thE BRuMEHOS, ke
general ly straight, il'e low velocity usually occurs at the extrema of

cur vat ur e. missing\vibe expesiiast cusp thet alagls thebjegomintgoof theekttal siemg resphtongl ienthe and
addi ti onal | t he user oy &lausire while witing a stroke, |eading to an
invalid sk é%?%’f%?%nbeﬁ OO G FOKF-gur e 3, the sanpl ed points, indicated by
squares, for a letter "a' are shown. The velocity of the pen can be

derived fromthe spacing between the sanples 15 (assum ng a constant

sanpl i ng r¥eleyity dv ako| used efos sagmenfationdi sireeekandvgiling db gsherptedwhy laeserisamfl es
that are ¢ N i ndi | r locity. ln the.ex I the | ow
vel ocity t%aanszlcﬁ?(g‘%uéggsvgf 'uércggigfagag\gﬁ?l %:%ns ’%{e&)}s/a R as i]Occ ftﬁ’s@gllri)ggdg%er%gﬁpﬂ?es
i Nt helocusthe adrgétipeintid Sections o hight vwiacitgire\gdrerally strlight) evislgddw vbloity asuallhe
bottom of the ste However . there is another region of | ow vel ocj tg, (on
the |eft ofcCHifedlcihe eHtemar afjicurypiureaHowakere Aeaiy By 2lresubisct dp thrgsholding

hesitati n?%rgyl%hﬁgaﬂdhﬁdﬁ \P{Qn%ttﬁé’ﬁ&r nég [;%ergéel &hﬂé\%ﬁh@%&@{roke?ieahﬁl Gb GR%avaye! !

witten, vel oci ty-based segment n may produce an’incofisi st ent
resul t. Pesegmpntatibn peigtrémFaurod, the sdumpledipsintssindivatad by sijmayesy fend leterdaame

ent at i int en |1y do not suffer fromthreshol din robl ens,
i noe no R d i elnsty Of B Aepciny be 8vedk Eprn (6 sPrcing fhevieen; O somples)
extrenym (EHeNRS a SIRGE Tsﬁﬁﬂmg%l&@f absp ;azgé fspdcidd ﬁ{&icdtégcmgﬁl&eﬁ&%,d ngilea

segnentation. In Figure 4a), the letter i's segnented, indicaté
cross, at samplesethat amehesedogateds indigatetlhwes velpeityofln theeexammpli.cthe Hioweselacity t he

second | et(taﬁé hlg% c’urs%ﬂﬁg]reigﬁns can be seen as clusters of samples in the cusp at the top of the
stem, as well as in the small hook at the bottom of the stem. However, there is another

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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Figure 4b) while clearly the sane letter as the first, does not co 13006
Y-extremum at this position, as the stroke tends to | evel off.

ot her segnmentation algorithnms suffer fro £1these probl ens, and are
particularly affected by poorly wittefi*letters. Due to the difficult and
error-prone nature of stroke segnentation, many systens do not attenpt any
kind of stroke segnentation and sinply NPWOO3PCT 4 April 2006 -4 work

di I d h
cystoms t narkaireldlon HE IR LR ROER BRI AT P bt PubB bbb BREing of

el asti c naieefoimgirpkogdithttivn usﬂﬂll@llﬂipl?eﬁlehhﬁrﬁé kiag tof efastidu@eiaBing fpedtedure to
segnentation, 5 "Elastic Structural Mtching For Recogni zing Online

Handwr i t t SRIAPIER e sHset of inepnsisient sqesnentatioBhni cal Report HKUST- CS98- 07,
Department OF Conputer Science, Hong Kong University, March 1998 discl oses
the use of extrema of curvature to segnent strokes into nultiple line
segnentss. IHrhwseiverSIrucﬂum} MdtehihgaFor' aR&mgoizfngs t(mdim rfandbeition oképhantmeric

parts due it |t| u i nco ct seg ntatjon to
becur . To CGuED %’éa)f ﬂre’yﬁg%? dbiela Depitupent ) Eampyist Sc AePREnpeng o
detect i nW@édgdUﬁ%&@R?tlﬁMcﬁrl,%g ARi RN Ge u's@spéin%ﬁkdafc%ﬁaﬂﬁeft@gergg&amﬁdk%es

to forma new stroke. "Handwitten Word Recognition - Proved
By Practi deto, mN@vbriuwssegmenﬂﬂaHdwcvem thgy Retacﬂgatl “fai snmotISsiml@snambmhemmto
Per ception Art Ci a Intel lLigence 153-162, . Wrl d
Soi enti 11 Papf oo iy igade B Gl tarorddisemeion B odtl M Sonfi o

in verfl C&hlsvﬁlbpﬁmbbénieﬁt 8 88BMituld3anstVWitichipE fo Bt M PalRlt Je@kRAtatibn, oRHIMIRS Ci al
optical check- reading system The sub-strokes are then mat ched agai nst a

set of prilRfarregty &9 upstigkes tadern & aewntrekaast i c- mat chi ng recogni zer. 20
"d obal Methods for Stroke-segnentation”, Advances In Handwriting
Recognition, Series in Machine Perception and Artificial Intelligence,

Vol . 34, plan@REt&B4Vord Redodniticnti The Appibadhs Rioved Wy Pr@ReUi 26vH586S In
stroke se%c}atlo of offline ipnmages based on contour . curve fittin In

their wg g decogrition, SeriesinVashingReseention apd Ashiicialdntelgenes Vaki 3
segmenisat N 1531462, ReEd SLichfifc PHSHRNE 198 diRE10SH AL & zero crossing points

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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25 "A Fuzzy Online Handwiting Recognition System FOHRES," Proceedi 2%8'1%06
the 2"1 International Conference on Fuzzy Theory and Technol ogy, 14481

Cct ober, 1993, Durham NC teaches the uaﬂe of fuzzy-logic representations
of pen velocity and direction together ™ith a group of |inguistic
variables to forma set of fuzzy-logic rules for stroke 30 segnentation.
Their segnented strokes are used as the primtives for fuzzy feature

extracti on i -b " Rec i Zi tters in Ling
Fiandr 1 4§ necbponify e tbrO R Optig oty S e BHICE e AR,
Conf er encelnBorarivenl GomgdryriesDaslndne coglistsi @l Re&dhRon ATODURY), A8gafd,18-1897,
Um GCernma di_scl o&es t he _segnentation of strgkes at cusps and points with
hori zont al {%gnégﬂbs STHIAEY sUs0ssE thesseeretation of jsirkest ploRePy . anfihpoigisswithsed
al gori t hmysg: appy [ ek thm.

poi nt - posi ti ogmglrmﬁagg %ﬁg’ﬁ%’%ﬁs S 511?)2( ‘é%@g%‘? grglr(rées?iﬁﬁ&alts &g%gsﬁ%%%m& S0t

di scontsi nusyssmpaf tangolar tdneogeng t(rahecthan ythe i pant-misijon) smb@hingctdhiaoris fften
Extreme Points o lj ne witten. Scripts", Progress In Handwjting
Recogni t | &?}%088?5)1‘%-4??%?@30%8&@%@998 GG ﬂ&ﬂ"g‘ﬁ’é’éﬁccé?r}’ (i CusRsH| d
Scientific 10 Publishing Co. discloses a robust |ocal extrema of curvature
detection algorithmthat is based on the delta | og-normal theory of
handwr i t i ndatestion Pt Esmemevionits p§ Oailise [Handwriiten 'SAriptSis| Rragtass do iHvaddwiibidg |

for Handw ting. .Generatiqn,.. Procgedi ngs of..th t.h Bien 'a&%ﬂ@ erence of
the Inter n%‘;tc?%’%’é’%e% b HSRoC: si'go%pg?r?,gerl2]69-9§267.C,°%i}§§“§?’ . _ g"éﬁ"?‘ﬁﬁes
into proi mRubkighiag o nisilsses bheudlilsed] as@reinh e fUseyRhre CRk@tbR al dRshR fthangul ar
signal intensjty 15 and first order crossing points. "Perceptual Mdel of

Handwr i t i rR§sts edhihedelia drg-aarmal theosy oh andwritie reroaitSag wibinhais idinelosed abiAnt' |
4t h I nt ' . ..s_angd Rec i t40on 44 GDAR
august . 1620 [8en] GRS Tor PEHER R RS S0P RRAARY U Rkt H R
approach Wawgeed® ofitht heerdetioat bophinoaiseSochiy, | R612BPI98] TE Behtnt PROKESS" .

Basi cal l y,. they search for 'catastrophe' pojnts, which are defined as
poi nts of BiOREGREIVA §PIPoRGS, they %Sﬁ@%ﬁ&g? u%ﬁh%é lenlations of apgplar signal mfensity
' per cept Uadnd R dM& crddlingpotdig! ude points of inflection, X- and Y-

“Perceptual Model of Handwriting Drawing Application to the Handwriting Segmentation
Problem”, 4th International Conference Document 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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extrema, and stroke intersection points. 25 US Patent 6,275, 611 des&ribﬁz @
character recognition systemthat segnents strokes at points where gt 206
angl e change is a maxi ma and exceeds a set threshold". See al so
"Handwriting Recognition Device, Met hod -&nd Al phabet, Wth Strokes G ouped
Into Stroke Sub-Structures”, August 14, 2001.. A full description of the
segnentation algorithm is given in US Patent 5,740,273. Simlarly, US
Patent 5, 889,889 disclgses. the.performnce of stroke segneptatjon in a
nandwr | £t SRPERL cPEFmTEE JgHT 2iof 5y TaET BBy PG BORIE e haR ERARane RS 1 od
by such cridogiferPardiscusiy; WbkRehfecbn Bhdnges AiIptBTas@asso BS PaRht 6,884, py4.pen
lifts". This discloses the sane segnentation procedure in a system
designed to represent handwitten NPWO3PCT 4 April 2006 -6 input in a
paranetri I [eSSi uct | i okes. at
P eomer s ol EELER B Bafal 00 Rsufifl SRREMY 8 Bl RATRe!
6, 044, ¥74. préprecesingasstrdacior bad ghiiobSIHtahrdiatSpdinié, ROBeendBédel dxir@mum are
Y- extrena %s part gf éhe 5 preprocessing of strokes for recognition.
| nt er medi A% poiaRted 28 siRksdrpsan ds@ce o ussuprherracogaition sgxtemact ed and st or ed
as a "frame" for use in the recognition system Simlarly, US Patent
5,610, 996 di scloses the use of a series of arcs as primtives for
recogni ti oSimilatigs &S' Phtentad ©3 098¢ dischosdds dhel uad oF -aexdrice . gros b primmititvéve for
sanple text." This 10 docunent al so disclases the use of alterpative .
segnent at | ‘GRO&Y reg 66, 2563 Lb%’é‘x%“i“eﬂ’é‘, at B BP RO SPRoE DS
Pat ent 104, OfstuRieft A58 alsoRSS thbss!SE aRémtiveadm¥ntitibh 8Rnlel, SRAME M -cfidsd Ve
strokes in to characters (rather than ballistic sub-stroke primtives). 15
US Pat ent &d3pmbgsg X-daeiema he use of a velocity profile to segment
strokes, and "associates sub-stroke boundaries with selected velocity
mnima in the handwiting input."” US Patent 5,577,135 discloses the
segnent at i 0F Patens 400860 Alsclés@xthe @B of NESald YRGtrbMa @ sedhen€ ClnBive@frokdd-inand
down-strokes that are used in_a H dden Markov Mbdel (HVWW) recognition
system | nogherepisrs (Fathar thandptlistic sHb-stelkeprimiyeni bed in US Patent 5, 878, 164,
strokeg are "segnented into letters or sub-character primtives according
to defined

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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boundary conditions such as pen ups and cusps". 25 The prior art ref ren%&?
each attenpt to introduce new techni ques to address the problens of April2006
recogni sing handwitten i nput text. Each_rmay offer an inprovenent, but
none offers a robust system which addr eses all the previ ously descri bed
probl ens. 30 Disclosure O Invention In a broad form the present invention
provides a nethod of performng witten character recognition, including

sequenti al C [0 jven input character . wit.h one, of series of
st or ed cha#%tc}ieggg %388?%&8 %}Fé’rse?ttﬁ el‘fgmé)toélﬂlgoﬁ’ec Wﬁﬁrlflﬁ'épckiﬁ\ﬁ%fs gne o
Apri | 2006 mérd eghentsi itladdemlahbe WwitRPS sefmeARGOAPATRE bhRcBitVE it RuE
character into one or nore segnents in accordance with a segnentation

schene assPieseitteehafpatpr mdelppealupting waidsegmenipele Fegraenih (AgRINSY assggment
segnent or : i i i thth t
character rggggﬁgéﬁéﬁg?hg@&t E}égg[%ggé&gt F%%ggef)ra%lggglé?%ﬂs\%%tet%%g uﬁeaggur es
t he degr eeprotducenfaoscorey whiitlh mbssuredahe deg@peadfl Rgnforindtys tveiph ahe cowdear i ng
for a plurality of .character nodels in the series of character nodels; and
sel ecting lieﬁsa%%ﬁ%% (D 1bARPPAHNEHOT & Phralighaticharacter gredsls Isthsrserign @t
classifyi nghadrliGed BRIGEIC @%ﬁ%ﬁ&ftixﬁteﬂec a‘fm&laﬁlto?glr %?89&@&%@'%&@& ﬁ‘let}{lgﬁ%sft .

character nodel. 10 Preferably ar act er recognition is on

| etter, a smombemdoclassifypmgctheainmr charkctePrasf eheabharacteheasso@ptedf with that
deconposin thei i nput. character into one or nore segnents 15 is perfornmed
such t hat %515?10 g‘éﬁlﬁéﬁ{' has a mini num | ength according to the following
equatign: =% Pi - pi-111 =2

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.

NPWOO3PCT



where 20dm,, = mninmmlength of segnent p;= coordinates of point i n =
nunber of points in the stroke 7v= mninum | ength threshold Prefer aSIASP,“lizp%
the given input character can not be segnented according to the 25

segnent ati on schene associated with the ﬁresent character nodel, then the
present character nodel is rejected as a possible match for the given

i nput character. Preferably, the evaluation procedure assigns a score which

rewards cl nfor,mance to an ideal . 30 Preferably, .the eval uat.i on

procedur e ggegérafb&gzﬁg?lbgﬁ%gr?cﬁfregoc@wﬁ%%v% aﬁf)?‘il%egotﬁ%%h_- 8 Br é’:hér L{bf wI
each char agégfiertedel svhymkave #sEhtit@tir@boMitibni 6f Aiffbtendl foinis Obf the same
segnentation schenes to facilitate recognition of different forns of the

same char gkara¢ters preferably, different rules for deconposing the input
character into one or nore segnments may be defined for different character
nodel s. Apparatus is al so provided which includes an input surface

r esponss vePtafetabdy, diffeeemtntuled for deydmipodihigrike poputf d(ijar@cft@dlilﬁ:don@ealﬂr immne:j
stinmulus; a nenory; 1 rocessqr._for receiving said input stinulus an
processi ngSEERLS H&Y?b%g?ﬁﬂ?‘ﬁg’,r dQlW‘?éer‘\éicha%a&F% Be¢kleéssor is adapted to
performthe nethod in accordance with a broad formof the invention. A
stroke segnentation procedure for handwitten character recognition is

di scl osed. ApparaGisangialsp tfrevislednwhicdt inrudésgani taput deptacdi regpamsivd go nibdel

bei ng eval yated r consi stﬁ%nt aagc.r obust set of stroke Eﬂri mtives

Phat Jcan’ bESYERERF & 4 Suiihls ShEFRPAR (D0 pracing A S sifmuts! & eblord!

10 processor for receiving said input stimulus and processing said input stimulus,
wherein said processor is adapted to perform the method in accordance with a

broad form of the invention.

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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classification. An exanple fuzzy logic classifier that uses this 12006
segnentation procedure is also described. 20 Brief description O 1Zﬁ ﬂ‘?é@
The present invention should becone apparent fromthe foll ow ng

description, which is given by way of €Xanple only, of a preferred but
non-limting enbodinment thereof, described in connection with the

acconpanying figures, wherein: 25 X Figure 1 illustrates an enbodi nent of

the present in j reji, ; fi hows a. processing system
rrahged to 1 oddpbieduat il indftace (bR RITNE W B RE Ao G upe
enbodi ment s of leher mhvention; X Figures 2a) and 2b) show wel|-formed and
poorly-fornmed versions of the 30 letter 'a'; X Figure 3 shows how velocity
segnent at i*on ndigpee skt e sreaentationof thelstter 'y and the probl ens
associ at ed; t her,gwi 1 hx 3PCT 4 £l 06 -9 X,Figures 4a) and 4b)

i |1ustrat g(t he ng%{ﬁ %Pnﬂl\!gv?%’s% FEns f?réﬂﬁgleglegg{:&de the letter 'a'; X

Fi gures5 shows RifereSEgR®RS aid @anidntdtih betHelktte®'B’; X Figure 6 shows the
segnentation of the letter "b'; 5 X Figure 7 shows the segnentation of the

letter' B ;XX Filjgvees 83a,)8b)sind 8mchew) thehbreet indivtiivalesegments ofuthk lsegn®ht s of
the lett "B .. X Flgure 9 shows the se tatign of the letter 'E; X
Fi Surg 18r)§howsFlgW§ # 8@‘} § g}eoﬁﬁ%&%ﬂ?ﬂ@ﬁ&%?bn line orientation in
d X d 1G; i I - 21 d f ri :
egrees; aqd 1GriXufd 90/sBSwh iR fuz )gﬁﬁ?‘(’)\fﬁl‘jénﬁl\;ggsglgﬁélzg%e o i€ dr&@gﬁ(ﬁ%%

primtives used I'n character recognit rrying
| nvent i on degrees; and
10 X Figures 11a) — d) show a selection of generic stroke primitives used in

character recognition.

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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The foll ow ng nodes are described as applied to the witten descri pﬁi on, ﬁ@j
15 appended clainms in order to provide a nore precise understandi ng rif 406
subject matter of the present invention. The foll ow ng exanples provide a
nore detailed outline of one enbodi nent-18 the present invention. These
exanples are intended to be nerely illustrative and not 20 [imting of the
scope of the present invention. The present invention provides a nethod for

perform ng handw.itten character .recognjtion. sp provided.is an .
Dopar at us PURALIPHRRRGSCHES ok Thebhel i Sr Be SRR R S pBtFepine

i 'l ustrat esylshen ftead WioRe 1af SubR ' £RMbdsBY Aditdhallyl ke sty hRCPERGEd to
nunerals are used to identify |like parts throughout the figurées. Methods

accor di ng allpvesbysdr treimpyt tixtitpahe sysiemi dh can be performed using a
processi ng system an exanple of which is shown in Figure 1. 30 In
particular, the processing system 10 generally includes at |east a

processor I20used théTproveysidd syseeh aNaddiied t6laUbGemdde]l SuULulasiata 65 BPRtASI
tabl et and/or touchscreen an out put device 23, such as a display, coupled
t oget her vingand/pudgenievad aamuihe dptabagenddapEinssallpws |tho qECEsEOr R {1EPHAF

interface 4 i f i t [ i .
L1262 R LR B S9SN B0 5FSHEy
used to ahkclatastosal it thei nipret  Thistinttard hHosy sheprdd@ssibg Isystegeto tdeegnise

processing,systemis adapted t | | ow model and. rule data 1o be stored. in
Bnd/ or r et HPEPBE T3 A eH dpalBs end ritien toxk ITAR (s &%{%ﬁ?g&ppfecmtséei ve
handuf igt | e pYd@stile dyARih AP md! BESES fohh BABANCISROs(Rla ardl gogpare
this to the data stored iI'n the store. This in turn allows the processing
syst em t o goagpuini,selaptdpe setvaraspeeradiseddlacdieatej or thedikeandw i tten text. From
this, it will be appreciated 10 that the processing system 10 may be any
form of processing systemsuch as a conputer, a |aptop, server,

speci al i sephdapshabibg of Bhe pRReekdike sydted PPSARLHMNbOUesdIehdd iACASE ddaBy St em
10 will now be described 1n nore detail. 15 Herein is described a
nodel - speci fic approach to stroke segnmentation for handwitten

15  Herein is described a model-specific approach to stroke segmentation for handwritten
character recognition, including examples 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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character recognition, including exanples of nodel -specific algorit?g$.12006
Techni ques for the optimization of the procedure are al so given. |T°P&
clear that the stroke segnentation heuristics described above in relation
to prior art 20 techniques do not almay@fproduce consi stent segnentation
points due to the extrene variability in handwitten input. The problemis.
caused, in part, by the segnentation procedure operating independently of

the letterorecogniti Thi s ..nea hat d nerative. situations wll
produce. | EBPIARED 2 e VAR Wik 'Se gie el Fke deeSpien sElaabs 1o
det ect andseg@efitatidn o hah@vhil@s Sirdlies) alldWiah ietd BERAglrRICRIth ehatRsdifidtion
segnents with a single 25 character . Due to the anbiguity of handwiting,

a graphi c Byeasigre. s mules in mfire infperationskantihe typd @b seemeniption nogdaexnsetet ext ;
for exanpl ' ter I [ [N r | ffer y
based on s h?gé f%Hg@%g%ﬁ%dg?%gy#&%%ﬁ%@?@ﬁg%gﬁ%ﬁkazﬁéﬁﬁﬁ%ﬁﬂgﬁg%%g%F%ﬁhg
char actser sfkey Bivasdd)on the Bkpatddystruttues oinble vingkia chshstokRomandrisdthatst beikgs
that conprise an individual Jletter need to be interpreted in terns of the
| ocal cont®xQeNZsdehsyp émgﬁ’eglﬁl?ﬂ?P"é&é’t‘eqt?f’coé‘rpﬁ?‘@@'é‘teil%ﬂ(’t ysed-nmde. NPWDO3PCT 4
April 2006 -11 Enbodi nents of the invention which use nodel -specific stroke
segnentati on, delay the segnentation of handwitten strokes, allowng it

t o be i nt efys aschdetgrt protoypec hegrafh cathaparterpnodet duicampared ® thesopiitsthe ninpudr e

informatio bout the t of segnentation paints .expected. by.the letter

model to bEoRSedhyePEED drst SHi BhatBrcweintade, vifloldenisy begdital ogith:

the 5 gir Oﬂéﬁlﬁtiﬁ% ir?é&ﬁ‘&e %néi&@n@é&@ﬁﬁa@ﬂtiéﬁ 'bP%e‘J§tR)k9§ ir}t@%ri%ﬁ%ﬁ%ﬂ%dﬁ%hﬂf;&?f
a

froma series t is being recognized, thus a single global segnentation
procedur e thg faidre pfelle sagmenfetion gracess fsr Gindtthy expertddo spgapntagion gleartador

_ _ s v God ephizgon ;
wnat ever (OGS Pl leAlh iR R R 1T 1S ST R 5 g "

nor e consi dfieisht ddagprassdelDhado fdiendé Bk @sndraltsGuintddithy Rput. Addi tional |y,
the failure of the segnentation process to find the expected segnentation
points for a particular |letter nodel nmeans that further analysis of that

T R
program to perform an embodiment of the invention, first checks whether the input letter is
an 'a', and will attempt to segment the input according to what is expected for an 'a'. It then
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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15 In praetice, the user enters a character using a stylus, and the
processor, executing a programto perform an enbodi nent of the mv‘éﬁﬁ’mﬁ()%

first checks whether the input letter is an '"a', and will attenpt to
segment the input according to what is e¥pected for an 'a'. It then
continues to check the input against sone or all possible data entries, for
exanple, '"b'-'z', scoring each atterrpt I n this way, the result having the
cl osest match_is classified as_the i, nput tter. sui tabl e, scori
schene is RIS BYetrMoying %Oqiﬁefrenhﬁx? B@l%%@a shgdae Ehef Yrokescyhic t‘f"é‘ﬂg

take accountheRfisel RSB TACEEoNRIGH proced B (bintP faly'afdd! &rnolnﬁgﬁz%a bY#YmbBeing

written. For instance, SOITE%E%DG\M’IIGI he %’ z' look™I'i ke an
upper casedupNcate pomltssorsr'edemphﬂg toenfdrhea mlmmdlstanwobemeetﬂmmpil&s resenbl es
the nunber'3'. 25 It is noted that while each letter nodel potentially
requires a segnentation procedure to be perfornmed, many nodels will use
the sane Ofachi BitdrahoSQ HTEREARLA e RAURSing PRAKRH dEMRL a IB3RRAaAGN PrtednBd be
cached to reduce the segnentation processSing overhead. For instance, the
| etters ' ythatarydll' be peaf@ensﬁl non dhe demén@trcri@ﬂ dihe segmeniation vittpEuresrag ssk of

cached as r niti r i ng
o remve SAanpbrERahd GG SRR R e R R B Ea b fRfeg e
snoot hi ng #lforithe \S@ﬂ@bﬁd si@ildittokeiaf a tie. "saamldegaaﬁﬁg)@taﬂ& suB-sbiPERSMGTard
April 2006 -12 noisy) and renovi ng hooks fromthe beginning and end of the

st r okes, vmpcsmaﬂdmbf sterchsall E"ée"@éhﬁﬁ@lfflh@ ubetighe length jsrigtealpsed ased g8i nt s
may al ?%g{i ving duplicate points or re-sanpling to

enf or cgpab%lerqgénﬂrﬂ;hhéls %ﬂ}cﬂgg (Segt%ween sanples. 5 Each letter nodel defined in
the handwriting classifier defines a segnentation procedure that wll be
performed on the input strokes. The segmentati on produces a set of
segnentation points that will be used Bj’il’ |on the stroke into a series
of sub-strokes. The al gorithm wor K’é onE;J gt e stroke at a tine. To avoid
creating stroke sub-segnents that are too small to be structurally

rel evant, a m ni num sub-stroke length is cal cul ated based on 10 the
overall length V%e}%he stroke: ;=2

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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where 15 Pr = coordinates of point i n = nunber of points in the stégkqlhxf
m ni mum |l ength threshold (enpirically set to .05) Segnentation proc 1S
with the algorithmiterating through th;:lésanpl es until it has 20
identified 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 input does not conformto the structure

expect ed h . e 1 if t .Su .ed by
spPittingq¥ﬁ% §tb€&%ﬁg?&?ﬂﬁE’Sgﬁﬁﬁﬁﬁﬁﬁﬁngé£ argggwgﬁanBf?&%§$ﬁiﬂ%q%@%%§e is
split at tgemturespandbll@anidg madess bggnst et unsa@snenitddnstiokes ézﬁnaioﬁtdﬂre fbblehe
stroke. If_either sub-strqke is .25 smaller than Im,,, the segnentation
point is ifaﬁfo?aé*df)e &ﬁlaerﬂ%g)asgﬁ@()% SEgmerationfshnignes (e dhe AaPIRoYEIRRINNL
have been &ﬁ’%[t@&tﬂrbfﬁled(,%ﬂtdafléee%n;eﬂ%ti% Q5 %@gﬁeat%ﬂ%bﬁ% %&th&egp%ﬁ inb Ont A€
recogni zer that segnentation s successful. It is noted that letter nodels
can usé angylaobiheraitgr)segnment ati on techni que as indicated by 30 the
expected structure of the handwitten letter, and sonme nodel s nay not

requi re any stroke segnentation. For exanple, sinple nodels for "¢ and "o
may si mpl yTHefolBwipeexahipRidlillgitraRCthk ¥eg bt RIA praddd8 R P&HIR MERYC &iduRes
strokes to sub-stroke primtives. CGenerally, NPWO3PCT 4 April 2006 -13
there i s nbowsfls @iicebprint 38.e32deseil ferdthe seameankation of esimglet stowke eflograpisef thengl e
bal listic leg§SLur-es, and al | owi ng mat chi ng agai nst the un-segnented strokes
can avoid the problens that can be generated by traditional segnentation
technigpues (e.g. the snooth velocity- curvature profile can cause
segnentation tQ occur at an arbitrary_ point dependggg@on the 5 style of

the writerdSSumiee 8l heqpadg! espastp thesstioke tasbe saeaented as Bgriemebibe ditepplemetiur e
for variouyge érﬁatiolle' %&ﬁhﬁj\ iﬁgﬁg%e&gﬁescf& %l'let gt %ﬁ%}l&%&) &%&gﬁ%ptfs Pt he

segnentation of a single-stro |'ograph o
find a Y-maximum 32 after this point 30. If the Y-maximum is found, the point is marked

as a segmentation point. Note that the Y-minimum 30 is not used for segmentation, but
15 simply to ensure that the correct Y-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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Assum ng that the nodel expects the stroke to be segnented at the t‘?‘g o,[
the letter stem 32, the segnentation algorithminitially searches prif 2106
first Y-mininmum 30 then attenpts to find a Y-maxi num 32 after this point
30. If the Y-maxinumis found, the pointl4s marked as a segnentation
point. Note that the Y-mininmum 30 is not used for segnentation, but 15
sinply to ensure that the correct Y-maxi num 32 point is found. Wthout
first searching for an initial Y-mnimm30, an incorrect Y-maxi numcould
be located (as showin Figure 4b)). Also note that this procedure wll

find the qarth@csingﬁee@metrﬁ@de@ DFRBE Mtk OB’ ivent dWBve etha TR Segftichttiss §dintiis h
regard to Figures 1 -3 above. 20 As a counter- exarrpl e, assune that a

handwr i t t daundcat the dirst %mmmmn /8. Belkywing shipei Kgnaamemes? isifonndg fohewedby
mdel def i fed Ahayen Widieal sl By OV cheRE AR oint 15,83 bukGhe 2

subsequent maxi num-w |

segnentsat isegmpsiediicster. As a result, the segrrent ation procedure wll fail,
i ndicating that the input does not match the general structure of the
nodel , allowi ng the nodel to be renoved fromthe list of 25 potential

matches er@sutlh haua \%Wﬁfxf‘gﬁboﬁr&%% eren?ﬁrglgﬁglfblléﬁéd @yAgegi%g& °|fe

letter el's, nodel s w require
exanpl e, I'—‘pgsu’oest@ks hmF\Egurcth) &ebfmﬂnWad bsma“fsniewaysquitmib smn‘oke ImaFigatet&n) This 30
To segnent this single-stroke aIIo(% b', the f

found and SG8BENTALON ERROR ﬂﬁamba&% P‘ilﬂn iy C“]B’FBH%@Pﬂg eiowr and aﬂrg%hf%

sub- stipok &oniBEntsegheNi@fon for aSQﬁiée\%leW\%ﬁﬁ Gyled ORMIR GA8PhAN, the global
segnentatlon procedure is given in Figure 7. %0) 3PCT 4 April 2006 -14 In

the singl scsmemkéompuetdunss used ih she pmor Bt 0@ produeeheere inqohsistent @tgmentatlon

segnent at i found the .fi

v oot ram S 3af@aRen Brters S 3he B eikht ot ik TR o g b Made P
second segjma@bﬁglgt@mvemnyofﬁrgm&eg shows the 5 segnent ed letter. The
resuft is an initial vertical |line sub-stroke as shown in Figure 8a),

foIIowed by a curved "p' sub-stroke in Figure 8b), and followed by a

" si devwgy st FUBRGTHOKSs A ¥ c%ﬂglgteﬁﬁ} segmn%d using X- and Y-extrema. For example,

Figure 9 shows the segmentation of a two-stroke allograph of the letter ‘E’.

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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segnent ati on approach is robust to variation in curvature and veIo % g@
produces 10 consistent segnmentation for a wide variety of witing s é EL2006
On the other hand, the gl obal segnentation procedures used in the prior

art can produce very inconsistent segneﬁﬁation of handwritten letters such
as the one given above, being dependent on degrees of curvature and
consistent velocity of pen-strokes. 15 Not all letter npdels can be

i I d. nd Y-ext hows
canst St ey SSOEIE IR eI, JooShhEmR (£ F P sl e

X-m ni ma tQasgiic@edn, SRARDEAlCRs BRI HitsSorb@tAREvEaR répR¥tel Blane eteictiensf ul
especially if the letter is somewhat rotated or angled. Simlarly, using

Y-minima W Il not necessarily 20 produce the correct segnentation. For this
al | ogr aph, i.ghest | hang S e
can be usel\c/ftﬂ";sgro E‘;tgeg%h éat% F%J‘ ?Iﬁ%\tlg)t%e%tcﬁ%ﬁg%n%gtnﬁu 202 ﬁter esﬂp?%funre 4tlugt R

requi r ed tdistindedntl aset@eiinfosmation)de dvol teohlctiaGhe Hesd OhlaésSevaty Cithe\silokE e
can be easily found by sorting the curvature values at each point. Mre

sophi st i caFEeHRrRNEs PpHgrmed. gseandiy; dafryiruckire i ke crersdif W@ht the values by
segrent at | qikipal Jl&tﬁno‘%raﬁqléﬁﬁzaﬁif@vélhé %%%agt phiRLGNRE oAl | engths. 25
Overall, rarily conpl ex nodel - speci segnentati on based on any
structural feature of the i nput stroke can be performed to ensure the

correct s at i on, poi nts are co |ste ound, The se nent at i
procedureeﬂﬁs@ﬁlf’w@ ugtrped fagpeﬁtﬁqstt%? ReSTRITAIION qaB typsed 3
nmodel st hgh tﬁé)iewgﬁlﬁ&?opﬁaiid‘évrﬁieh%ﬁ&ﬂd&t%rsOfW}Bf%Vth@ gxeﬁmﬁle' Y Bakedl %H'ao ﬂliz?]l&gh\!‘ed

by a cusp, f ol by a down-stroke (e.g. sone allographs of
u', y', hesel 9las&sﬁea, it apparent t@ethe skibed perotrethaf dawidcluaqueb@n%ms@tiWﬁblany at er

use when th tructured NPWO3 ri

rodel s FOHEE Yyt T Gl bible, Bl Kt fioPt ahe B proechlf, gart B eastly

r epr esent ahi@poraRli B8 strabtans itk ad éledic- rhﬁl@hlhgﬁéﬂdlrs@aﬂéﬁﬁél@[a%mﬁé;@ be stored to
prevent repeated feature extraction. Many of the stroke segnentation

techni ques that can be used will require sub-stroke 5 di stance and
curvatuyre [ u

str oke“s eg(?r\:l[;g;tt ?@a o%?(lpén Ogglrn?%&lqul%?%ﬁg@c%ﬁdg tﬂ%ng Q;‘Eig c u?@ﬁgéﬁ/nc%ag@?rseat ed
to cache tibeo usd fizgy bygic,swhich ajowas dldStﬁefﬁmﬁ)rﬁﬁﬁsathflamﬂefle thea |lape no firbciedy h

point on tcﬂ:%ngc}. rFOuiézey logic classifiers work by assigning an input signal a degree of membership
to a fuzzy model depending on how well the features match the fuzzy rules that describe the
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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The follow ng description illustrates how nodel -specific stroke .
segnentation can by used 10 in the recognition of handwitten char A&PEj1 2006
Wil e the exanple is based on a fuzzy-1ogic based classifier, it is
apparent to the skilled person that thi3%echnique can be used with any
classifier type that can utilize stroke segnentation, and the procedure can
be easily incorporated into structural (such as elastic-matching) and
statistical classifiers. 15 One approach to nodeling the inprecision and
stylistic variation of handwitten characters is to use fuzzy |ogic, which
al | ows t heFidgiel 10 Sho @B aGbrigedfbenflikelcuivet. & dhédandl& thedurwy l86d1RaIVL, defined.
Fuzzy logic classifiers work by assigning an input signal a degree of
nmenber shi pmefer@n&Vﬁt}@zyLmﬁd@ﬁna%péﬁmf coWhighyvhes qompgeedste attinedrigentelh t he

fuzzy rul rl I | I logi £1:£1 iers for
handwwittgﬁm%ﬁg%%c %%akgcégﬁﬁﬁﬁgﬁqﬁ?%“%%@%??ﬁ@%g§%5¥ﬁ?tﬁ%%hﬁﬁ?ﬁéiiﬁﬁm/Fuzzy
Geonet ri ¢ wWahtlese nloatst an9F°draving-ahigieer veddtaingdSiclikr antvey are Bewagfort i on"”,

I nt ernati opal. Conferen Pattern, Recognition (ICPR 98), pp. 1 -1123,
1998; and ﬁ%éozgf,aqﬁé%w%i)ﬁ%wﬁg[owg&ﬂn%@&ﬁkﬁm AYtipatles %ﬁl,nessé’t ern
Recognition, Vol. 30, No. 10, pp. 1591-1604, 1997. 25 As an exanple, a

fuzzy logic rule for defining straight lines may contain the foll ow ng
sets: verTheatanhpledszayMopic ¢Hassifeorvbadisth iofiesset df )rples itheg slefife previtlnaldettdrant

(PS), and lines pegative ant (NS). .Cearly, nost lines will not fi
perfectly %Oil‘ﬁf"nﬂlegfé?ge% @?fck‘i Sct:rf’gi(d ag%@@-gﬁg(eﬁmmv%w}qsg,aﬁ LT EECof
nmenber ghi psHaesTIhe rhileaAlseNclAde ttRSe position idfoHRatidnWE&EY td @E{iﬁ%uiﬁﬁfeh&@&h@e

| ogi cal set notation where set nmenbership is gradual rather than discrete.

Fi gure 30 a® cpmpossdrodtsenilar primitiyes. gbe dinplistigpmmpives needris¢lige dnyieéike syrvieor

straight |jnes ef.in nersal i zed i ent at.i i r&es.) .
NPWOO3PCT WAL S ]l%?{’gau RO WA SRR Mgl di FE R BEBke cymve  pg

an exanpl e(DCYshotulin Fiduad el d)ethd\dvertidik aive @ Merighe@ VL) ewndefFigies1 pl)set of
| i nes which, when conpared to a true horizontal |ine, have angles
approximately in the range froma little below 45 to a little over 135, 5

with thos } 0 i ' A=Y i ne SL:

Shown For T Tiser ey oKy 8 Qg S e b G B Rllhe oufHET BRBEfis, o
Sl anting Liimpk stfSjural Bhelysix afifflestrbkisapsingabe bollomasginforerationribe shselwé steokeet
of rules tchu%atgr%f Ithneep(;s'i!cgc;nvcl)td Hl%lsta{rtegrtlcia crand 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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nodel s. These rules match stroke and sub-stroke primtives agai nst 431 set of
generic stroke 10 shapes. The rules also include relative position April 2006
information used to distinguish letters that are conposed of simlar

primitives. The linguistic prinitives udédd include an o' -like curve (OQ
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 (RV ho i.n Figure 11.d). .15 For_.each _sub-stroke, ~a degree of

menber Shi ghithe fHEsBNE: B oatbg! ndiediesa BRa DB i kool s £ 12y
structural ARDal y3b&h&fs tihG@cat  RIsRSI P}?:!e&‘;]iehé’b? 5 1 OWoRfind Nheicams | fib-stlohe
absolute stroke curvature, the position of the start and end points in

rel ati on teontpoesition i rmgfulbzx ADID (itee thesexpodssion amdhe Fedt off the gomimiaoy epdluathe

Iine between the star nd end point.s. 20, The,positjiopal pripgitives, LEFT,
R G oS eEA AR e TR SRR R o oRPHEh AR el et S
boundi ng bwkefwitthe k&ultetomBined hisigg 8 Fiizy XNDP).i ne prim tives described
above (VL, HL, PS, NS) are also used. Sone typical rule exanples are: 25

RULE "a': (OC | CC & LEFT & CENTRE, (VL | RVC) & RIGAT RULE "b': VL &

LEFT, (CC T e OC RULE - d' . FT &
sorToM VAR AP S TR Ao o BUBuSTh 4 s oh Lt othe
"1 synbol ‘ci-likk eavedocaretiua zhe IR antilventeded \eydadly ih vt leadre follawed DY) veAiia]
parent hesi s indicate | ogi cal precedence, and a conma indicates sup-siroke
conposi t i AU hYeTHCFILEVE aNDE (1 .%'é logated @i ihe sigbf 6hihg r{etf%elfu%flﬁeaftﬁtt Hﬁereorma
s evajuatad, yisinighyt BRerhhe Sty BorS ehK Qettdr &n Gadhing S e O BtyRRtid NErikbight oS
eval uat ed U%I[ ng t eyseceond sm)- 505tro e? vﬁi’t thegr esu??ls %:onbilneldatsi ng a
fuzzy AND)handwritingexanple, the first rule can be read as follows: an "a'
letter is an "o '-like curve or a "c'-like curve located to the left and
centered vertically in the letter, followed by a vertical |line or a

vertical cwhye the thl6s ddsehibo hdw @Rt féinRives BR dolfabedfor ki le@értMbdel) ﬁhgi do
noted that there 10 nay be nmany alternate rules for each letter, nodeling

t he styl i statdndigate disw istrgkesfare tigpemposeidngto the primitives. To do this, each rule is
15  associated 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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Wil e these rules describe howthe primtives are conposed for each fﬁh6
nodel , they do not indicate how strokes are deconposed into the n
prlmtlves To do this, each rule is 15 associated with a rmdel-speC|f|c
segnentation rule that |s executed agai 18t t he |nput strokes before the
rule is evaluated: RULE "a': MNy -> MAXy RULE "b': MNy 20 RULE "c¢': RULE
“d': MAXY -> M Ny 25 RULE K M Ny, MAXy, M Nx 30 Wy represents a search

f.or the next Y-nmaxi.mum resent arch_for, the next Y-m pi num
The -* syrfiofeemsaiatar equ%e@ o @6 3ﬂe5‘§% g wreé Keshosm; as & $X3mple ‘Pf] 3 st
but not usgg Jo‘il’fauﬁﬁ@ﬁ‘i%ﬁi égﬂnen{a%ﬂﬁatmﬂtst iR EQ sphlstie the subsequent

point is correctly ted. Note that the classification of the “c¢' nodel
requires only a si ngI e stroke and t hus NPWO3PCT 4 April 2006 -18 no
segrrentati ni erformed for that .nodel.. The "k'. .nodel. i s shown .as an
xanpl e of Oike e FEORCREReRERG b TETES SSiBRuR BOPSROUNAE S Y A T e
order specdré lce@lmﬁéa\ 6§ de%ﬁe Sifﬁﬁé’tﬁbéﬁﬁﬁfiﬂtﬂ@é b&ferik %trﬁﬁ‘é Ee&s’égdm@,e nﬁerﬁlkwshlp
nodel - specific rul es, e sub-strokes 5 are classif n\@greeo

menber shi praluestarethgarised to syateske the LTS ruiheﬁvmemaen@mt@ s wglldhe hen
d h
used to e"ﬁé&%ﬁtaﬁ%ﬁpg téért%?tnlile 1. r%ésgﬁeﬁt o&‘eﬁl lsa%fquﬂﬂ' S 'u8 %d %ncf‘%‘é"l tlig t e

i nput mat c| PP y eval'uated,

and t he i npaskified as Heaksh bf B nawdet hat glbﬁﬁeﬁfghéhtfuiﬂ?dﬁémﬁéiﬁﬁp ghlues t he
hi ghest fuzzy nenbership value. 10 In sunmary, each input is tested agai nst
each ruIe and each rule further defines the segnentation approach to be

t aken eluﬁﬁgﬁﬂiﬁgts t@%dél pﬁl{‘ Qﬁt fté e%@}?rr&l%h §§ 1 d leSiclt DEle SRHR laae B&he

charact er egnent atro ra part| cutar charact er
nodel can ruagmbmathneaﬁpmachdo be mkleﬂen tHee:xpeqmaﬁonctharth@ir@ut dmea::te’ros; thesameormsn t o
t he charac bei n t est ed } It the ru then. a zero or score. wll

be attachdf® PIE?f%‘ﬁ em%ttsﬁfﬂ eaSﬁgvlﬁpeael? fﬂﬁ a PREicRlaE chataelsk ‘PB LGaRnoLPe o be
sal dﬁ_ br OaCBerohﬁe&Qébﬁhétthé Hlphhéh&ﬁftél’%%@h&rﬁ%ﬂfb?m%a ¢he 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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features referred to or indicated in the specification of the applifg%iin
individually or collectively, in any or all conbinations of two or F 2?96
said parts, elenents or features, and where specific integers are

nmenti oned herein which have known 20 eqdﬁvalents in the art to which the
invention relates, such known equivalents are deened to be incorporated
herein as if individually set forth. Al though the preferred enbodi nent has

been described in detail, it should be understood that various changes,
substitutions, and alterations can bec%%qﬁ@er ein 25 by one of ordinary
skill in the art w thout departing fro € scope of the present invention

as hereinbefore described and as hereinafter clai ned. NPWO3PCT 4 April

2006 -19 CLAILMS 1. A nethod, of Perf.orm’ ng witten character recognition on
an input charact & M¢HE net REITEBHRE | BNt ARASEIEHSTSPEBINCR) Ofopn et of a

plurality of chara&hg&ﬁgqg@hﬁahghkoﬁﬁﬁggﬂggkﬂgeéygfinput character into one
' i with'a )

or nore segnents in accordance - segnentati on schene associated with
t he char act efa)nodéir;eaghd (@ plprauglofathiaragpteanddslegnent or segnents agai nst a

egnent nodel..associ at ed ith th resent character npdel, ch that the
oval tnt i on prddEBEPRSEEE Tyt CRAPEET L GRe B ROFS P TYGHE i HEONBEE

and (b) sel egliihngsédifethBbAGERIMEBERcidtb@tyvil QdUIREdtSemBughaall score and
classifying the input character as the character associated with that

character ntidkpvalusting saidrsegmeantasr spanarid dgrinital wegmahiemsidal apwciated
character f O(ﬁviﬂl gt%gg%%ﬁ'egp r(r:%lgra%{]e% P%Eieﬁ Sught @rﬁt the gel{,\r%}iu%rﬁogr p qgl%ggsf télugctol &n

mark. 3. A netho I'n clharm 1 or aim erern e step 0
deconpwsi ng iddieativipert coxifarmity evith tHeomoetel; @hdnore segnents i s perforned
such that each segnment 20 has a m ni pmum | ength accordin%fto the foll ow ng
equation: | n(ty selqciipg _thg,, chanacter 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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where 25 = minimum | ength of segnment = coordinates of point i = nunber of
points in the stroke = mininmumlength threshold 4. A method as cl aftAguili2906
any one of the preceding clains wherein if the given input character can
not be segnented according to the segmerdfati on scheme 30 associated with
the present character nodel, then the present character nodel is rejected
as a possible match for the given input character. NPWXO3PCT 4 April 2006
-20 5. A nethod,as c¢lajned jin any. one of th recedi ng cl ains erein, the
eval uat i or-pr ochdletiof &5 elaimed dar anveinen Of ctiar BEeCey BgeF2sBa SRRt dhto an
ideal . 5 GvafudiRIPo@Ause 3lsiBMs i P seb Mmcenatdy thRer\RBhiGMRePlooggdur e
uses fuzzy logic rules. 7. A nmethod as clainmed in any one of the preceding
cl ai ms whededln each character nodel may have associated with it a
plurality of segnentation schenes to 10 facilitate recognition of
different forns of the sane character. 8 A nethod as clainmed in any one of
the precedi.ng cAahémowhgictiithediihfc@diant widrbBSthkQvalREOARREEEIre Ded ARYY
character into one or nore segnents may be defined for different character
nodel s. 150@ic mdesar at us for perforning handwitten character recognition,
the apparatus including: an input surface responsive to the novenent of a
stylus thereupon for 20 producing an input stinulus; a nenory;

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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a processor for receiving said input stimulus and processing said input,
stinulus, wherein said processor is adapted to performthe nethod i hAPpril 2006
accordance with any one of clainms | to 8 NPWO3PCT ABSTRACT D sclosed
is a method of performing witten charactler recognition, including
sequentially conparing a given input character with one of a series of
stored character nodels. The step of conparing further includes the steps
of deconposing the given input character into one or nore segnents in
accordance wth a segnentation scheggﬁﬁﬁﬁgeiated with the present

character nodel; evaluating the seg egnent s agai nst a segnent

nodel assopii@@dWd i tft€hoPrefs peifoshaigacititenmub@tact&uededghation, héncluding
eval uati on produces a score which neasures the degree of conformty wth

the nodel ; seasgainFosmaging apgigencimyhrihagpaier witlplone a0k eyswfescRhrsiRsedr

el 1 AFSOEEGRBl CTALRCler POEh R SPURS! ORDE, RSEp
char acter dsconly®sitimtiacpbrenampacichhedten inlo tohatorcharact@nemsdal acdordance 8

with a segmentation scheme associated with the present character model;

evaluating the segment or segments against a segment model associated with the

present character model, such that the evaluation produces a score which measures

the degree of conformity with the model; repeating said step of comparing for a

10  plurality of character models in the series of character models; and selecting the

character model which is assigned the highest score and classifying the input

character as the character associated with that character model.

Figure 8
15
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