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1 IDENTIFYING CHARACTERS FROM SCRIBED INDICIUM FIELD OF
INVENTION 5 The present invention relates broadly to a method of
assigning an adaptation template to 4 scribed indicium representing a
character, to a method of recognising a scribed indicium representing a
character, and to an electronic device. BACKGROUND OF THE

INMBENTNMING: CHERATTE RBRROMST RIBEBINDIGIUM

scribed indicium is one of the prominent challenges in modern
human-device interface technologies. For example, with handhold

devices being more and more popular, the need for an easy way to enter
text such as short text meFHEYEs OEINVIESITI@NMOre important. When a
touch screen is available, handwriting recognition of scribed characters
(indicium) 15 provides a most natural text input interface, especially for but
not i@ dAiesenenaNeisyregiaiescHuRRdl detRsietRrdChinaéssiaifithean

ad@&@maiﬁiqarﬁélaw@twatmmitne@i&bﬁraépﬁ&s&{iﬁgvgrbaa@@l@ﬁcwta method
pattern reco |t|oq) bI%m One dlfflcul%com sfrom the r}% %e shape ¢
ofISRBINE" gﬂmscr WRARYDIRBIERENIME R HRIRE & Eec ronic

destiegpes in their daily lives. 20 Figure 1 illustrates two kinds of shape
variations for Chinese characters. In Figure 1 (a) and (b), the characters
100, 102 are the standard shapes respectively, while characters 104, 106
illustrate user dependent variations respectively. By applying a statistical
pattern recognition BACIKGRO LDoDE AHEINYEDHNY N orrectly recognize
those character shapes that have appeared in training samples. But in
practice, it is 25 almost impossible to collect enough training samples to

cover AR 118686 VHARRS RS ArRRERES iEAREHSRIrePRBEEToFdiRedidicium is one
ofrﬂz@gmehéacbnmmgéatuﬁaﬁd@radﬂmw@@gﬁtmdﬁﬁ@m@m For

exsécrﬂb l}ﬁ@ Qvgs S orthand scribed |nd|C|urp re en cas
rela'%vél comp ex c?}:arac &rs 3™ §i‘3|\ﬂRﬁ’e’E& OFAHHE I‘ﬁﬁ/ﬁ?\?ﬁa:ﬁ\fip y
waicto RdeIcteXtishieh fastshopdexbmers poesdircpves tRye tepesi goianédWhen
a touch screen is available, handwriting recognition of scribed characters (indicium)
provides a most natural text input interface, especially for but not limited to, oriental
ideographic character sets such as Chinese.

Online recognition of handwritten scribed characters is known as a difficult
pattern recognition problem. One difficulty comes from the large shape variability
within a character. Different writers may write different ink shapes in their daily lives.
Figure 1 illustrates two kinds of shape variations for Chinese characters. In Figure 1
(a) and (b), the characters 100, 102 are the standard shapes respectively, while
characters 104, 106 illustrate user dependent variations respectively. By applying a
statistical pattern recognition method, a recognizer can probably correctly recognize
those character shapes that have appeared in training samples. But in practice, it is
almost impossible to collect enough training samples to cover all those variations.

There is therefore a need for a flexible recognizer technique that can be
adapted to recognize user dependent scribed characters such as shorthand scribed

indicium representing relatively complex characters.
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a method of assigning an adaptation template to a scribed indicium
representing 5 a character, the method comprising extracting a plurality of
stroke segment vectors from the scribed indicium; determining for each
extracted stroke segment vector the nearest of a plurality of stored
probability distribution functions (PDFs) for respective reference stroke
segment vectors, and assigning the adaptation template to the scribed
indicium, wherein theS1JMMARY RFPHRECINMBENTION10 identifiers
identifying the nearest stored PDF for each extracted stroke segment

VeCFQhQA&é‘fH&%H@vﬁWQ@ﬁ&PQ%EBﬂ i the %Wﬂdéﬁ%ﬁﬁ?é?@isf Yrovided
storing.in_an adpa;lilﬁtatlon dictionar The:fi)lurallty of stored PDFs ma

. stored PC be
a MR PHRS TG A FIRRIRH RS SR RY t&AOP%%EBBQB%%'Q%&?’BK??RB““9
a mihatzetarf RPRd-srettived icothpriRDE codedmbioky 85 pdusatibllevftishimkiee segment

veMSROREAT PR ABARG TR AICHananing hesain SarbRk kRS Effent

dictionary is associated with atpomter |dertg%i|ng one most similar PDF in
varerib Reriesbek et pb-efisthiePrirhaRidl sURt iRy ¢k fuBriierg (PDFs)
fobaseplent @ utsrinatiostrokéheddPBativéeoRD Rrtictiesigningilismngdptation
teﬁ}%'l'at’%cggg%g'esfcﬁ VELIRIEIM, 2 calsiials.a distgrion measwe: The brises

store s for the respective reference stroke segment vectors may be

idertiRiatiseMitnrafoe nersrsericsachBIAEIERS cRRb mdtRiemaljaketsegment

VeROBRRITRE ARSI IR ScAbEaerRiiditehy aduthel Sharsottiatadpriatint teprRiesang in
ang storti.nﬂﬁe adaptation template and assigned ToL in 25 an

ana %?att?ié% &(fﬂ%' . The step of storing the adaptation template may
compirise pepiitinef atoredistigsenay brethioredaiptthie fodicidraiPhadictipnary

arti& beieebdgbo AOWREIERSIRE AImMBALSIB OB NPREIPEFR6Bebook

_ predetermined amount. In accordance with a second aspect of the present
Is SRASHED AT FRS QUBBRSTRATE S dhsoT R [EHERRGh P eMsEd RGP

in rée eRBRtid g tochay aisters stutatedtivath camppiidergidstitdghing anplunakity sifnilar
Pﬁgth%?jﬁﬁ'l@@o\é%%@éﬁ.fmm the scribed indicium; determining, for each

extracted stroke segment vector, the nearest of a plurality of stored
(PDFE¢0r REspisctiR rEYErepreberk kBae BmBRIP JEEBRS shnse aléditigation
oftifieupbrs AdansaPOFtepERierdicinemy tsleanpioR-BeiSidnaiieigénce to

Carlgﬁ%qgig%?s ch I;(poensngggggrg!dicium based on the determined nearest

The stored PDFs for the respective reference stroke segment vectors may
be associated with different reference characters.

The method may further comprise assigning a time-of-life value, ToL, to
the adaptation template, and storing the adaptation template and assigned ToL in
an adaptation dictionary.

The step of storing the adaptation template may comprise replacing an
existing entry in the adaptation dictionary having the highest ToL, and increasing
the ToLs of other existing entries by a predetermined amount.

In accordance with a second aspect of the present invention there is
provided a method of recognising a scribed indicium representing a character,
the method comprising extracting a plurality of stroke segment vectors from the
scribed indicium; determining, for each extracted stroke segment vector, the
nearest of a plurality of stored (PDFs) for respective reference stroke segment
vectors, and searching through an adaptation template dictionary to determine a

match for recognition of the scribed indicium based on the determined nearest
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3 PDFs, wherein each adaptation template comprises identifiers

identifying one of the stored PDFs for each stroke segment vector of a

reference character. The method may further comprise assigning a new

adaptation template according to the fjrst aspect of the present invention.

5 In accordance with a thirs aspect of the present invention there is

provided a electronic device comprising a user interface for input of a
PREsbaderadic eahy epptasetivngtenublatectemprisesnideptiffetsaddrdifying one of

thB'QBFSIBDLSISGR AR RFOGS SBhfiARiSEr RIHLARE IRk R EGmENt

vectors from the scribed indicium; determines for each extracted stroke
segmieift (Reardieayclidiehrampr SRRt K oreRahRIARIAHS IR TIpEAte
adededRRCR shokessagpuitiofeietopse sehibtvaetivary unit, and assigns an

adapiatign t e to.the scribed indici erein t tatjo ,
e oSIRIRE b eSS RO RS AR IRAR s s
prexifgetet elpekerieqiariseyeerBP AT Adifks IRE Sieace iffidnautteftiae scribed
in@i&ﬂiﬁpﬁbi’éw:&t‘@n@*&;@ﬂ@ R b@?i@mﬁ}t?ﬁudécﬁfé&ﬂiyﬁ@f; Lﬁm@}?in the
memory unit. The plurality .of stored PDFs ma stored in the form of a.
S ey e R R R
ingigimire et ermifestive ¢ achtiestROR ¢ sdeheckegaam kadieantiieenaansséof a

pI Gt G dhedRbtirdicipnasye Ane Viereite b kPEMNRARREtors, in the

dictionary is associated with a pointer 20 identifying one most similar PDF
MEMAY PO HYLESSIENP PR biRtishdRMaRI g\‘_‘ﬁ: B RL B p&Nd
wistoedd they eelaghaitiyn nempayee leongmisefsthidenéfieosy idaittiflire P& snearest

stbrEd” PhEPROR MY 86 S8 FIER SR AR AN A InRL 1" e

 In the PDF dictionary utilising the Kullback-Leibler divergence to 25 .
indigienate Haishpfrmanddsnesenis siereting dfardapipiemctionary in
thesfesaisle stitke segment vectors may be associated with different

S R PSR DL 2 e B
angkgigiifd qesiebpelsiortitpimeanane i hscriniibEoAbRr efRERSFgred in
thEMHEDFNEREKSRSIEN BIAYIISPIAGR aReeXistibaepinp iiFhagrbabP dictionary,
and Cgv%ne?gn each PDF in the PDF dictionary is associated with a pointer
identifying one most similar PDF in the PDF codebook.

The PDF dictionary and the PDF codebook may be stored in a read only
memory element of the memory unit.

The PDFs in the PDF codebook may be selected based on a quantization
of the PDFs in the PDF dictionary utilising the Kullback-Leibler divergence to
calculate a distortion measure.

The stored PDFs for the respective reference stroke segment vectors may
be associated with different reference characters.

The processor may further assign a time-of-life value, TolL, to the
adaptation template, and the adaptation template and assigned ToL are stored in
the adaptation dictionary in the memory unit.

The processor may replace an existing entry in the adaptation dictionary
having the highest TolL, and increases the TolLs of other existing entries by a
predetermined amount.

The adaptation dictionary may be stored in a random access memory

element or flash element of the memory unit.
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having the highest ToL, and increases the ToLs of other existing entries

by a predetermined amount. The adaptation dictionary may be stored in a
random access memory 35 element or flash element of the memory unit.

4 In accordance with a fourth aspect of the present invention there is
provided a electronic device comprisin‘(}; a user interface for input of a
scribed indicium representing a character; a memory unit; and a
procdssaecomuzmde théthpdessiir @spactsa pheabtesdrstroke stgmdéntre is

préFRIQE A B IREHE IRGACR IBHEHEIRELE IR i SRR iHBGHSS S QKRbed

~ segment vector, the nearest of a plurality of stored PDFs in the memory
IndiqitMHERESRHEY tArBhYIR SR adaPBmAY dictioRBR ArPiREsRRPRoW GfiRNe
prdemmeﬂmmmfopmengnitibr}snbﬂw segjb&aﬁtinz&e’mrs _bﬁaﬁﬁﬂ trethesribed
mé*.‘gFSFE” lgg%m%reesstfﬁ%E%h%Q?Jgépeg%quﬁgoééé l?\t/%%té)p tnwee nﬁarest of a
adaptation dictionary each comprise identifiersidentifying one of the

pldtalisyof stereet £ 2T thetpREseg Hdhtarst fsiabERefeibfengd aRadepiation
didthsh BFP G SREMRAYORPSIEN B RRMeAHRRIaTIAtEMRIatedodhi@dAdthe scribed

._character, the adaptation template comprising an array of jdentifier
T e A et AR 07 Lot R A LEH S rgpplates
in $teriadaptatienatisinatoneficticrnpriss BRIERDEHSGRIPMONME Tdstored
PEHIRAYY DR Spkodipritafdbe Ryerninaruitoehetisipnderstood and

readily 20 apparent to one of ordinary skill in the art from the following
writteH'8e SERBERTL" bY WayPSF8RaR pl¥nIF AR R HIMRIAEH WtriRRe NPUt
chdirasiagsthie adapitatiagurhibEtevesmpasiple anfarhay atftédattidjges identifying

th¥aHakiiy KigHLg 982 6P QHCSQF%YQ”Q‘ABH%F&“OQ ElREU G iFGhe
or implementation of the method and system in accordance with an
aqapiftioe dgiepdbdiment. Figure 3 shows a flowchart illustrating a
classifier for character recognition with user adaptation functionality,
according to an embodiment of the present invention. Figure 4 is a

schematic drawing illustrating stroke matching based
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written description,
by way of example only, and in conjunction with the drawings, in which:

Figure 1 shows examples of character shape variability.

Figure 2 is a schematic drawing illustrating an electronic device for
implementation of the method and system in accordance with an example
embodiment.

Figure 3 shows a flowchart illustrating a classifier for character recognition
with user adaptation functionality, according to an embodiment of the present
invention.

Figure 4 is a schematic drawing illustrating stroke matching based
classification.

Figure 5 illustrates schematically Gaussian Probability Density Function
codebook selection for segments of a scribed indicium.

Figure 6 shows a flowchart of generating a new adaptation template,

according to an example embodiment.
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30 classification. Figure 5 illustrates schematically Gaussian Probability
Density Function codebook selection for segments of a scribed indicium.
Figure 6 shows a flowchart of generating a new adaptation template,
according to an example embodiment. 5 Figure 7 shows a flowchart of
adding a new adaptation template, acgording to an example embodiment.
5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF
THE ARMENTIGhoWS Witflawfdvanceftoddidjoge 2, thewe mddpsitatedtamplate,

ac%'@rqf&?it‘c‘) %vég&%gile IhedeMes 201 illustrated is a handheld PDA
phone'comprising a radio frequency communications unit 202 coupled to
be in communication with a processor 203. A user interface in the form of
a touch screen 205 (typically a Liquid Crystal Display) and an optional
keypad 206 are also coupled to be in communication with 15 the
processor 203. The processor 203 includes an encoder/decoder 211 with
an associated code Read Only Memory (ROM) 212 storing data for

HEFANEDD ESCRIPTIONCO P TR P REFERRED IEMSGOINENTORA RE
received by electronic device ZQ%Xmgégessor 20 203 also includes a

micro-processor 213 coupled to coder/decoder 211 and an
associated character Read Only Memory (ROM) 214 by a common bus

218. MicropfareeRabrdes’ i #igRreCgPipddo @ RABHMRLIAGCEISMEMOBEvice
RAM) 204 and a_static programmable me@]o%)zm by the common bus
S

2031 8TAh&levififc pPdgrarriliRte nanltalroel! storls PARSHGSTFiEing @ radio
frdeatnryscanuniurichtons aciapOticoutdedpiatesifocabnalndcatiter witbam piboessor

2@ P @@&%%&@qﬂ%@fquféstm AR506IR ML ICPHLRYS, (qamg%?;stal

people associated with each of the numbers). Auxiliary outputs of = .
Dighiero-procasitional dryest 88 t5capltacitrrisiLie besn rrmf)piieatjon with
the prdarsér 8aker, vibrator motor and associated drivers. The 30

character Read only memory 214 stores code for decoding or encoding

text messages that may be received by the communication unit 202, input

at thd fsuRiocssseeRMBvdgstiangnkegprdezode? iy ansrsiptgrbcode
REQPHAUEMBRBEY @) 212 storing data for encoding and decoding voice or other

signals that may be transmitted or received by electronic device 201. The processor
203 also includes a micro-processor 213 coupled to both the encoder/decoder 211
and an associated character Read Only Memory (ROM) 214 by a common bus 218.
Micro-processor 213 is also coupled to a Random Access Memory (RAM) 204 and a
static programmable memory 216 by the common bus 218. The static programmable
memory 216 stores, amongst other features and functions, adaptation templates for
character recognition, a phone book database of numbers and associated identifiers

(names of people associated with each of the numbers).

Auxiliary outputs of micro-processor 213 are coupled to an alert module 215
that typically contains a speaker, vibrator motor and associated drivers. The
character Read only memory 214 stores code for decoding or encoding text
messages that may be received by the communication unit 202, input at the touch
screen 205 or optional keypad 206. In this embodiment the character Read Only
Memory 214 also stores operating code (OC) for micro-processor 213, and a fixed
recognition dictionary for character recognition. The operating code (OC) is used to

run applications on the electronic device 201.
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Memory 214 also stores operating code (OC) for micro-processor 213,
and a fixed recognition dictionary for character recognition. The operating
code (OC) is used to 35 run applications on the electronic device 201. 6
The radio frequency communications ynit 202 is a combined receiver and
transmitter having a common antenna 207. The communications unit 202
has a transceiver 208 coupled to antenna 207 via a radio frequency
amplifier 209. The 5 transceiver 208 is also coupled to a combined

mOdbﬂﬂéo%‘?@ﬂgbfﬁﬁ’éyzwrﬁﬁﬂ}nﬁ%%sdﬂﬁ 595‘@%'8&%%%Hm§&9gepand

the processor 203. Figure 3 shows a flowchart of a classifier with user

traéﬁ&bi@(d??‘fﬂﬁcﬂo??éﬂwoﬁﬁﬁﬁdm@ tP4n J%@@Hfﬂ%%ﬁﬁ@n%‘ﬁ th@2 has a
trgpresavdr Rosntom|éd @mamzasmmedrammuemﬁmﬂﬁ@azog The

trafiRL ?x‘fé?riﬁlsenée ‘?98 8&@8‘&“9&2‘%}‘1% n%é";h?ta Cslgd ?Fbé‘dgl é’r';%"ijo that

device such as th one igure 2 e scrl ium
corias ek SUPHEHERHRE S HoZAMED, theigEocessen?dval, size normalization

and extracts stroke segment vectors. Smoothing is done by averaging the
coor natesg gs of a pomtﬂwnh its nelg% bors, and. rep a(IZtI}[’]lg the (x é@aptation

coordilfate v %‘ﬁhe pofﬁ\fvﬁn%nthe orﬁptﬁlgas'f ra\g'jve AT
fusntioo@ityy, abeordiuntiaan poiamiawstidlimeieqliircpresiset dngention. At

bdespaves: sEhBé&qHH%%p%ﬁ%ééﬁthS& BAKHSYROSE KR OFiNg 8 mple

values 20 are the same as their predecessors. Then the indicium are
utlisng PrPHER S&&ﬁ&a‘?&%ﬁ%ﬂ@?éd 8919864 £8P lirer MR 7P frgure

2)invention. A stroke segment in the example embodiment is the line
segment between the local maximum directional angle changes of the
scribed indicium. The stroke 25 segment vector is a two-dimensional

vectdr¥f hei(Ernbatetyyigétedtonkiaatnh 3¢ rReROWise rerRakighgnoise
red{@val aé&mamdzm&damrw@%@@eéwse@ B@@@f@ﬁtm@aaﬁtﬂ@r@@mﬁi@g is

omsof the se nt De ndi complexit of e.scribe
R e S Rl i, M B porgy o

realﬁ@|894tb©n(?pwké>@0§é@ﬁﬂ$|n@%@@@@(ﬂ&aopﬂﬂét flsiiiciiagt cOmpoteth@verage.

AW@HS&H\@dimén?é&%ﬁeam%m e@yh rﬁt\*ﬁé‘@qﬁﬂgmﬂﬁlse are
extr%} ck 302 is modelled by a probability disjribution f(lamctlon
re f %néi%lntd)&gtg eﬁ{% Q‘ﬁﬁ% v»{h%s% ¥gs coor inate values

arb(ehg(. §‘»aE1WJIENE( thek, cikpdesastrs iThen the indicium are scaled to fit a
standard rectangle, e.g. 180x180 in the embodiment of this invention.

A stroke segment in the example embodiment is the line segment between

the local maximum directional angle changes of the scribed indicium. The stroke
segment vector is a two-dimensional vector o, =(d.,d,) derived from each segment,
where d, and d, are the coordinate differences between the starting and the ending

points of the segment. Depending on the complexity of the scribed indicium, the

number of stroke segment vectors may vary.

Boxes 303 and 304 compose a searching stage 308 of the flowchart 300 for
the example embodiment. In the search stage 308, each stroke segment extracted at

block 302 is modelled by a probability distribution function (PDF), for example a

Gaussian mixture PDF in the form of b,(.)= zr @ N(.sp,,0,). As shown in

Figure 4, each character model in a fixed recognition dictionary is a sequence of
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Figure 4, each character model in a fixed recognition dictionary is a
sequence of 7 Gaussian mixture PDFs (b1,b2,...,b(err)) , e.g. 402, with N
the average stroke number for the character. A dynamic programming
(DP) procedure is used to match eachr?of the stored character models e.qg.
402 (PDF sequence in the fixed dictionary) with stroke segment
sequences modelled based on the extracted stroke segments, e.g. 406. 5
Gdihsiaharactes POHE! (has, gives the. gragmuihmeteh g serregdkdhimber for
recognition result for the scribed indicium 404. It will be appreciated by a
the SRBACKKIIICY PRSP 95 THBIRG AP0t BFAFRIUER I &3 digomatsherpiilhthe
stcﬁmvcmagmufmahwergaqoarlgnmﬁ%&@mr&@ootm fb&;ﬂlﬂ@:tléﬂatﬁﬁm\ﬁlEStroke
reviqusly collected. F ach trainin rsam I St ke se ments fa
s N e bl BRI LA BRI SIS S Sufiaoe
Thaodaragies madekt s riikest GausaMmyRIxNACPIDF Seirate ifedjso cEicegnition
reSXiresied skpkedsegienisos modelled and linked to the character which
the sample scribed indicium represents. 15 Returning to Figure 3, block
304 performs searching in an adaptation dictionary in the example
embduwilere. dpptai@tsfictivy adepsatickidéctionte arilithat tescrdredidreimdels,
e BRckRPaq A INRKE FhaEBEHRidR 'a%tfé%ﬁ%ﬁﬁwﬁ%?&%ﬁ\daaﬁ%l Betraining

search stage 308, a new character model is generated (in block 306) and

samplss lPéﬁ‘é?é‘?JYtﬁ%”ﬁﬁtﬁﬂta't:Brn RENFARNG pamBlendbeRiiseIcegpEnts of a
schistdilmdithiockspdsienting 30§\£ﬁrthmmmplaemktmhmenﬁvwhémcter model,

thgﬁ?scréb‘ég Pﬁ%é”d%Q [APRIGANE BRIRL 3§ 91%1&}]&19et99t89ﬂé‘ﬁ55‘?roke

aracter s a very large vocabulary, aracter may have
seqifBidUS Wgﬁwﬁﬁgﬁ@?s@et@?ﬁﬁr%@fé’vmmtaﬂé@@ﬁiﬂéﬁf@eé gndicium
reffiBetitd-igure 4). Because each stroke segment is modelled by e.g. a
Gaussian mixture PDF, the fixed recognition dictionary used in block 403
may occupy very large storage memory. In the example embodiment, all
the GRelusing POFEitvisiodk H0Blaré HuasiiasthintecatRing niimaver dagtation

didRPLAS P URSURA ﬁéﬁﬁbé&%‘éﬁPQ%ta'i%tB?tﬁ@%ﬁ%tﬁ)ﬁ%MﬁWﬁ/mfbe

the example 3 iment, the distortion measure betwe
deé%ﬂ?é-’s‘ia*ﬂgBBF ﬁk"c %O?a‘rﬁ&nl\'l?p ut ePragieh|5 iU HRURIEY §SqARized after
th& skiaadk-ttegHe3 (&L divergbacetdhmdddlbadgeneibled (inverogenSO&)f awd an

ufdASS A RRES Non YidiondRAiNEerHinfel {fdS88€9@S: Details of blocks 306

and 307 of the example embodiment will be described below.

An ideographic character set, such as e.g. the Chinese character set, has a very
large vocabulary, and each character may have numerous stroke segments (see
character 404 and segments, e.g. 406, in Figure 4). Because each stroke segment is
modelled by e.g. a Gaussian mixture PDF, the fixed recognition dictionary used in
block 403 may occupy very large storage memory. In the example embodiment, all
the Gaussian PDFs in block 303 are quantized into a fixed number (e.g. 256) of
Guassian PDFs in a codebook. In the Gaussian PDF clustering of the example

embodiment, the distortion measure between two Gaussian PDFs N(-;u,,Z,)and
N(-;u,,X)) is calculated as the Kullback-Leibler (KL) divergence. The Kullback-Leibler
divergence of two Gaussian PDFs N(-;z,,%,)and N(-;u,,2)) is defined as:

Ji (0, )) =%tr[(2i —Z_/XZ’IJ- —Zli)]'f‘%ﬂ”[(zli +Z’1,-X,ui —ﬂjXﬂi —,uj”

where “tr[]” denotes the frace of a matrix.
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JYL (i,J)=2trl(E,-Ei X- -1j -Y--1A + | tr[(E'.+E-"] Xp, -,ujX,u, -,y~ where "tr[]"

denotes the trace of a matrix. 35 8 For further reference, the reader is

directed to "S. Kullback, Information Theory and Statistics. New York:

Wiley, 1959" that's is incorporated into_ this specification by reference. 5

As illustrated in Figure 5, a user created (i.e. shorthand character or

personalized character) scribed indicium 501 is segmented into segment
Fonduethse efacssc & attie oféadese gndireotedetsetRicKadib ek, anformation

&W%P%t?g}%?fn%%%ﬂysﬁm@f Dl'é@gg M g‘l@?t‘f%q)orated into

recognition dictionary 502, a most similar 10 PDF referred to as codeword
thig) SRR aHicALIORBYKef8EeRBUNd. Thus, each Gaussian PDF, e.g. 500,

used in block 203 (Figure 2), is actually an index pointing to one of the

256 codewords, e.g. 504, in the codebook in the example embodiment.

Figure 6 describes the method to generate a new adaptation template in

the 75 elsftftednbodisHEntOF@ dsefiegatedicliit refrebanénghgracter or

pé?@@ﬁéﬁi@ﬂi%ﬁFﬁteWO%iﬁea ma@aﬁerspnepgog@@rﬂé}ﬁébeiﬂﬁ@i@@gmeaqt model

stroke seg@ent VF tor se h T stroke s men vectors F and f
SeRPRPE3, Sk e%tr%e& %883“%”883 ?| LEYEAN fpldfeind for
e@bﬁaaﬁdlaor%laEresgrcﬂQﬁ)segheefnxexécwpgm,tlmednémméaas@anpst similar

PISPARNRFELNG WsE Do diiRI@ 15040 i @ NéBdeblbd 538 detrRimined (RIagk each
604). 1<k<256 20 A[i]5j is set (block 605), identifying the nearest

Caysen&PE0 G SRY deteiaCctor Ohe fﬂ%ﬂt&é%%t@“vaa&ewmag to

ore0df Hre 26p eattvardd, ie=gT 0o ik t66&pdEhe oldimntibersafjile. Nrijaatienent.
assigned as the adaptation template linking the scribed indicium to the
character which the scribed indicium represents in the example

embddAENR, @@?W%ﬁ%e@h%tewm@@éﬁ@W@ewpear&aw@%aﬁhe
exbmﬁnﬁ@m\@dcﬁmahwﬂ:@ftheskEH'tb@Hﬁﬁdtdniﬁheeﬁﬁﬁb@dtlﬁgﬂ@l%ﬁafabt@ﬁaﬁmle at

bl é@' éelctlon o] tof % Iuraélé{q harﬁcters dis ed on rﬁgre]tt\géjggrsscre&gnce
9 5 gure of the B 8n 0! fﬁugUre% na’ arning'mo &
witholvetvekeisegihbetaeptecafeddhat,...,o, } is extracted at block 602. A counter i

= 0 is set (block 603), and for each stroke segment vector o,, the nearest Gaussian

codeword N(-;u;,X;), where j =argmax N( o, ;4,,%;), is determined (block 604).
’ 1<k<256

Ali]=j is set (block 605), identifying the nearest Gaussian codeword determined for
the ith stroke vector. Blocks 604 and 605 are repeated until i = T (block 606). The
identifiers A[0..N-1] are assigned as the adaptation template linking the scribed
indicium to the character which the scribed indicium represents in the example

embodiment.

The character which the scribed indicium represents may be specified as
part of the initial input of the scribed indicium, for example by selection out of a
plurality of characters displayed on the touch screen 205 (Figure 2) of the PDA
phone 201 (Figure 2), in a “learning mode”. However, it will be appreciated that
the character which the scribed indicium represents may be specified at different
points of the generation of the new adaptation template in different embodiments,
including after the determination of the index array A [0..T-1] during the adding of

the adaptation template to the adaptation dictionary (block 607).
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30 the character which the scribed indicium represents may be specified

at different points of the generation of the new adaptation template in
different embodiments, including after the determination of the index

array A [0..T-1] during the adding of the adaptation template to the
adaptation dictionary (block 607). 9 The fixed recognition dictionary
mentioned in block 303 of Figure 3 can be stored in the ROM 214, while

the adaptitenh wictgritoy d@vicka94nerfigued 8) HoskoBOd iof hignmery 286 be

st&‘%ﬁ ‘FW‘MJJO@@W NP HARIBAM %%&Hﬁ'&g &BW%F}F(’) (B1BE %ﬁ"ﬂpﬁ is

for a handwriting engine may be very limited, for example, only

St%&épi%t@ﬁ@@ﬂfp?&t%@ﬂﬁ’a;‘?%@é?@& \W‘?h@%)%%lg%%m%(?ﬁi"’%f UP The
avaiizibie dRa{MUROKTIc 2 hea adlagiiat cen dict anayyod ksl BohitddgtoeeXaiaple, only

1dY %%'S\&Qt%% qESihed sy JPO e é*?e{ff‘?ﬁ%ﬁ&“?ﬁ%ﬂﬁﬂ% bé“d‘H” WQ‘?J}]‘%od of

Integer number IS use Ime-0

unsiatifi ghed agateticte siplirannidlagn 87 elélg@rﬁlaﬁwlmmwégetr@o@aémﬁed

beswakittaehagdrplioFigm@late is stored in an adaption dictionary. For each
scribed indicium for a character input at block 701, the stroke segment

vector sequences are extracted (block 702), and matched with the fixed
recogitiopreiesinphintegrl thenbefaptasien teraptaces limrefddediatiorvalue for

eddistionanlaskt4fch- tERGERICHRI it Eectsmamaln i/EPIRESrder in

comprises determlnlng for each extracted stroke segment vector, the
whigh 25", PaRRA g &t S FIorsEs Fort AYARURI FEHORAKe FF SRR “scribed
indiegmeint wedtarsctanthseaatblogki@o dntta sjpthb e yemptatectohisdguences are

e%ﬁ?&%eé{‘o 106 B Bl Fh%%ﬁ@gsﬁn tRmiRed o U&%%Na?é%‘?gr%&?kﬁw the

vectors. 20 From block 703 there are two outputs Into

Gt bemilaieron recrianEtiog BieiREDi{ BBl ZR S OBRORAISBIEE 768 the

adéﬂf@&pté&%@&:@ibﬂ&eﬁ%@t&lﬁwﬁﬂ@@ﬁbﬂ@M@Rﬁ&b{éﬂpﬁk&@bé@mnt
value of thj temup e |ss t t ﬁg ?709% Alt rnatl er%]h'f at
m t

Veﬁock%?SSn |??sre(fetermnﬁ)ecﬁ N fe %rf)acan ety Bristerghce stroke

IS ho fro

sesip@TAtes aIsiemshsessehingcior 20 iadapiatieademalate whichoBlealifiessthe
sadiRerance ds Grsidfsisaihr derr tRioRipskdP 4o LigrkeAPIebidhlock

704, if the candidate character needs to be added to the adaptation
dictionary, i.e. the candidate C1 (block 703) is not a correct recognition of
the irfpotthdeeakté@natheve IDeadaptatitpute Mesdiegsenelcates] 434 and 708.

cO5SaERRY BROYEWTRESIRERRCEI® FHBIBcKk 703, if the top candidate (C1) is
from the adaptation dictionary (block 708), then the ToL value of this template is set
to 0 (block 709). Alternatively, if at block 708 it is determined that the top candidate
(C1) is not from the adaptation dictionary then block 710 is bypassed and the TolL

value is unchanged.

Considering the feed into block 704 from block 703. In block 704, if the
candidate character needs to be added to the adaptation dictionary, i.e. the
candidate C1 (block 703) is not a correct recognition of the input character, a new
adaptation template is generated as described above with reference to Figure 6.

Otherwise the method terminates.

If at step 704, it is determined that candidate character needs to be added to
the adaptation dictionary then at block 705 it is checked checked whether the

adaptation dictionary is full. If the adaptation dictionary is not full, then a new
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Otherwise the method terminates. If at step 704, it is determined that

candidate character needs to be added to the adaptation dictionary then

at block 705 it is checked checked whether the 35 adaptation dictionary is

full. If the adaptation dictionary is not f(lﬁ then a new 10 template is

added to the dictionary (block 710) and the ToL value for the template set

to zero. If the adaptation dictionary is full, then the template that has the
temgirimisradded. teehedEtionad, (tkhe OeantcimpEde islusddrtthecielapkie set
to %’é?&kﬂ %aﬁgﬁt;@n M%M ﬁ@%%@gﬁéjgﬂ_éﬁﬁ@l@otﬁ&t FALRHE maximum

inally, the ToL values are increased 5 ( oL+1) for all the

Tob&lHg isdapesh dRdehfRiwsienIBEte/E A tosRdGRIasns hapirFnAc)- The Tol
vahlth@igheal el tevdlsns Bralsacseternied atibkigk (Fe7Tshevsriee drelincadiated

(eﬁ;g%L@f‘é!L‘l%i{;?%ﬁJﬂ%“' xlgﬁggl L%rag?éﬁgncg?ﬁ(?s%%gﬁt?gg(ﬂ?l?z%cét %r;/ould be

rmalization ‘of these count values'may be p e, forins

nqgted deat diisieanadlhilotoralkgsiase I rpReiashab R BBBiﬁ'T@rﬁ%lﬁévT@ésValue
conRthRy KeERRUERIfRIGSSbrdoRRNEIRITHERMAEHR T RASSFaN SR eHese

segment matcl'%in clasbﬁificfation and a Galtjssiara.P.DF cl s}F.Fr\g mlethod,
o adartaion't %%b‘iﬁ?é e 2 e Mol RRE" S IR REAY (St
method are provided in the example embodiment to improve an hand

writingheecoeHiie (EMHBaRTONUGHDHEEDITILY IRERSIPERINGURInIOURE user

user 15 can scribe personalized indicium or indicia that are shorthand for

der%?&ﬁ@@fy%‘&‘ﬁﬁi@%éﬂ%?ﬁ‘étBF‘s?‘Pﬁ@?&ﬁb%‘%ﬂmﬁ'iﬂimﬁt@?il‘rﬂj@%S%ﬁ"at‘o” and a

Gasssigna RiF\dthsthengo metiecdc lzar adtgstatient henqoalebgoie eatih g anctied uedl a
10 input r it ice. Jtwill reci

o o g e A o e o

hanyEitggHeeREeR it Rtior edushoWPAR it SHRCIERERSIimEM{S, @ user

cawitwibkdrpsestiaionndimuspisit DURM Bea0bib&sHyreRtRNfFGSIBIAAR@lY complex

described._The present embodiments are, therefore, t g considered in
o TS B UL o RO AERGRE O i IR hfacter

vigthieresigbopinfnt carobasurfhindnantiteshaiapies misidte tewesribed
indicium representing a character, the method comprising

It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects

to be illustrative and not restrictive.
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extracting a plurality of stroke segment vectors from the scribed indicium;
determining for each extracted stroke segment vector the nearest of a
plurality of stored probability distribution functions (PDFs) for respective
10 reference stroke segment vectors, 3 nd assigning the adaptation
template to the scribed indicium, wher |11 the adaptation template
comprises identifiers identifying the nearest stored PDF for each
extracted stroke segment vector SHAAIMS the scribed indicium to the
character it represents, for storing in an adaptation dictionary. 15 2. The
wBgthed as claimed in claim 1, wherein the plurality of stored PDFs are
stored in the form of a PDF dictionary and a PDF codebook; wherein the
numbier of POFaettased on ﬂa&@alﬁg:odﬁbedhﬂ&ﬂmlIeafrtfpm'téhﬁmtﬂnbefibed

inSkibREs 'Pegé%tp% %Iﬁ m&%@@gn& n%nSP RF in the PDF

|
dICtIOnaI’ IS asso |ate a pointer i entl ong most similar PDF in

the PEXrReiicha G2, ﬁﬁ@%@tw&l‘@%bslﬁ%m%héﬁbiﬂdﬂﬁé‘m

Egiﬁaéﬂﬁnﬂgﬁ; fgp@@@ﬁotgx%rﬁ:@e%ﬂﬂ;(@aﬁjﬁrﬁgé@milﬁg%b@%lge of a
SN e ICtlO til S the Kullba el Ivergence to
PRI SRR o TR e ARG DA e 18 Bective

any one
refaeepreceitig skdmen2Bolhesedmnthe stored PDFs for the respective

refer%@@!’gﬁi}ﬁ@kﬁwéesmtw?t%%Bf&ea§§Qﬁ@t§9r|WgH FHERIEH! rYREPBEL the
characters. 5. The method as claimed in any one of the preceding claims,

a%P&?QP"b&‘?ﬂb‘?@ RgPAEMRG Ry 'daHikeE e iliieg Hog neaiRs befapesbR T for
edeim phetactat sttokiegstigpranid ptattor templitkartteastighed Talidin@nto the

orBf B0 e AN GRS e AR FRBEA RS 5, whereln the

storln% the ada tation t emp ate COmprises rep acmg an eX|st|n
entry4n the AB8pRstioA cﬁéﬂ%’ﬁﬁﬂ?ﬁd’(}lﬁ@ﬂbh@ﬁ@éﬁ%ﬁ‘%ﬁﬂ"ﬁﬁ%@élﬁ@red
P Bot stfrother hdésong entiepbydichedeiesmingPanadteodk; wherein

D RIR S dpeRgEisig a serbed icLm shiesetng s, e dadishute o
comprising extracting a ty (0] stroke segment vectors rom

Pl Serithead mﬁldmiq@rMemmIMF@‘eﬂﬁr%%@h BltfadtethstrBléE sdighienary is
astatethRineasshedddentifying one most similar PDF in the PDF codebook.

3. The method as claimed in claim 2, wherein the PDFs in the PDF
codebook are selected based on a quantization of the PDFs in the PDF
dictionary utilising the Kullback-Leibler divergence to calculate a distortion
measure.

4. The method as claimed in any one of the preceding claims,
wherein the stored PDFs for the respective reference stroke segment vectors are
associated with different reference characters.

5. The method as claimed in any one of the preceding claims, further
comprising assigning a time-of-life value, TolL, to the adaptation template, and
storing the adaptation template and assigned ToL in an adaptation dictionary.

6. The method as claimed in claim 5, wherein the step of storing the
adaptation template comprises replacing an existing entry in the adaptation
dictionary having the highest TolL, and increasing the TolLs of other existing
entries by a predetermined amount.

7. A method of recognising a scribed indicium representing a
character, the method comprising

extracting a plurality of stroke segment vectors from the scribed indicium;
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plurality of stored (PDFs) for respective reference stroke segment vectors,
and searching through an adaptation template dictionary to determine a
match for recognition of the scribed indicium based on the determined
nearest PDFs, 5 wherein each adaptaq n template comprises identifiers
identifying one of the stored PDFs for éach stroke segment vector of a
reference character. 8. The method as claimed in claim 7, further
compresergrassgniog eacieextraa sdtsintegEgteadceeding tihéheaartbiodf a

pIFHAPISHIRAWORS) fhr ClRR IO r@fé’#’&%bf %m@%'aﬁ&mg&%&&- 4y

electronic d_eV|ce comprising a user Interface or mput 0} Sscripned
indicﬁﬁﬁ%b’ﬂ@s@ﬁ?ﬁﬁ%haa&%%éeféﬁo% 2rERIBlS tisioRAl dprstedete a match
fowheregnitiun b Ges e s anis @uph (g d bstivle sagmentaaatiars St ADF s,

Tl SR e S S S A ARt e

stefrskBREgfRneagssakar aserRine Rt ArriesearmehaiasiRiptation
tempiate to the sedbesh slisisimeand wiaerein toaRdaRiptsisiegasRigning a

comprises.identifiers jdentifying the 20 nearest stored PDF for.each
S RS B DI a TR T ea 8 RS AT bt one of
clainag dcte 6t wsre senatieh istéoimdin an adaptation dictionary in the

memgry unip1QieER8 I8 HEGiAS Snimeddy claim 9, wherein the plurality of
stored PDFs are stored in the form of a PDF dictionary and a PDF

codeBdbIETNFE2SS FREMBHY O SRR M AP T BIBE S HoPErriRn
the Pbiraodepaak;iasialler than the number of PDFs in the PDF
dictioglg%cgggowherein each PDF in the PDF dictionary is associated

with a pointer idéntifying one most similar PDF in the PDF codebook. 11.
The £ A HREBSAOEISHTATS A ERl th O PP kA SRR BMECIOnSHE™

the [3Erieedepankare gueeahines foadacty dreatisy eleorentofifenmesaly the

n ur}iet. ! ghq ‘?Sh’{geo Ss ola(l,mqﬂ:ijﬁsd%mrse:sme% i\} 1’r\év e%%in tg rPDFsS'ei nment
etﬁe f’tD codebook are sefegte ased on d quantization o?ethe Igifﬁ:s Iﬁ
vepiems DR tﬂi%tfﬁﬂm‘?rlatméiffm@ﬂﬁb%@iﬂiﬁcﬂ@i@%ﬁ@ﬁ@@r@@ﬁ@@t@ talthgaserdped

indisitaH{ithd

wherein the adaptation template comprises identifiers identifying the
nearest stored PDF for each extracted stroke segment vector and links the
scribed indicium to the character it represents, for storing in an adaptation
dictionary in the memory unit.

10. The device as claimed in claim 9, wherein the plurality of stored
PDFs are stored in the form of a PDF dictionary and a PDF codebook in the
memory unit; wherein the number of PDFs stored in the PDF codebook is smaller
than the number of PDFs in the PDF dictionary, and wherein each PDF in the
PDF dictionary is associated with a pointer identifying one most similar PDF in
the PDF codebook.

11. The device as claimed in claim 10, wherein the PDF dictionary and
the PDF codebook are stored in a read only memory element of the memory unit.

12. The device as claimed in claims 10 or 11, wherein the PDFs in the
PDF codebook are selected based on a quantization of the PDFs in the PDF
dictionary utilising the Kullback-Leibler divergence to calculate a distortion

measure.
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measure. 13 13. The device as claimed in any one of claims 9 to 12,
wherein the stored PDFs for the respective reference stroke segment
vectors are associated with different reference characters. 14. The device
as claimed in any one of claims 9 to 1:’%, wherein the 5 processor further
assigns a time-of-life value, ToL, to the %daptation template, and the
adaptation template and assigned ToL are stored in the adaptation
dictioh@ry inlihe destnergunlainedTinecatgvire ay dEimeddrialdinviderein the

st¥fRaPHREG A RS RIQ ERIBCTTe UM EXISHBRELOLYHIR 1S 48Rl ssociated

dictionary having the highest ToL, and 10 increases the ToLs of other

wilh [diffiegeantigierencs shadatdeiined amount. 16. The device as claimed in
any one of dainseite 18s whareio theargdaptabdreidiatiogaty is3statestdémathe
[ el fl el nt of the ry unj

P e TR e PR Fpmbere

anddibriradepiiiehiiagalelearitdeassignechdilumite api@ePrifcdagopdaptation

diviRERn it eipeRsssr @xtracts a plurality of stroke segment vectors from
the scribed indicium; determines for each extracted stroke segment
Pine 308815 87 &1 188

vectorthe 20earest 8¢ & plISMY of 30 Ll S RISHSRPLRRPIaces
arareXistaccerdnhroudhear@daipiatitionddittoasryhaving nteendighest tdol, and
inIRILEBUNRATHRLCH IR R OgRtiHg e MfithensciBrebindiciina Hassrslan the

determined nearest PDFs, wherein adaptation templates in the

adapi&ion diBfofaAre 5 LBIMGTs L igaMNRRFsCldeAtRsing Bndrtierein the
adsptatibR Diiditoraepch staleel Sagmeatdectaicieasefesernay 2 ceatacteflash

e|&r%-e?§h8f4ﬁ¥iﬁ?eﬁ?o&'ﬂm%d in claim 17, wherein, if no match is found, the

processor assigns a new adaptation template to the input character, the
adapldtion tBMBlaEeBnPR%IRY SRMRTSNES identifiers identifying the
nearestssioraeroE e inpahsteokerisedmriitivaciehriycsingiing thiiacter;
adapiation, 36, dicionasy-

a processor;

wherein the processor extracts a plurality of stroke segment vectors from
the scribed indicium; determines for each extracted stroke segment vector, the
nearest of a plurality of stored PDFs in the memory unit, and searches through
an adaptation dictionary in the memory unit to determine a match for recognition
of the scribed indicium based on the determined nearest PDFs, wherein
adaptation templates in the adaptation dictionary each comprise identifiers
identifying one of the stored PDFs for each stroke segment vector of a reference
character.

18. The device as claimed in claim 17, wherein, if no match is found,
the processor assigns a new adaptation template to the input character, the
adaptation template comprising an array of identifiers identifying the nearest
stored PDF for each stroke segment vector, for storing in the adaptation

dictionary.



	FIELD OF INVENTION
	BACKGROUND OF THE INVENTION
	SUMMARY OF THE INVENTION
	BRIEF DESCRIPTION OF THE DRAWINGS
	DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
	For further reference, the reader is directed to �
	CLAIMS
	Figure 6 accompanies this abstract



