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do ntt rgayeral nowledgser to performthe | engthy process .of entering
training data, and can, over tinme, approach the recognition accuracy of a
writer-dependent system In addition to this, they are able to adapt to
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15 dependent systems are usually able to produce more accurate recognition (for a specific
user) than writer-independent systems, since they need only model the style of a single
writer. However, they generally require the user to enter a large amount of training
information to allow the user-specific fraining to take place. Conversely, writer-
independent systems do not Tequire user-speciﬁc training as they are generally developed
20  using a corpus of training data from a large number of users. Since these systems must cater
" for a wide range of stylistic variation in stroke and letter formation, they are more likely to
encounter confusion between character classes.

Writer adaptation is the process of transforming a writer-independent recognition system
25 inte a writer-dependent system using data provided by the user. Adaptive systems are
attractive since they do not requiré the user to perform the lengthy process of entering
training data, and can, over time, approach the recognition accuracy of a writer-dependent
system. In addition to t]ns, they are able to adapt to the changing writing style of a user over
time.
30
One of the difficulties in developing an adaptive system is to ensure that the adaﬁtaﬁons
that ocour lead to improved recognition. If not carefully implemented, adaptive procedures
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20
Competitive learning is an unsupervised leamning process that requires elements of a system
to compete with each other for activation, and is described for example in C. von der
Malsburg, “Self-Organisation of Orientation Semsitive Cells in the Striate Cortex™.
+ Kybernetik, 14:85 — 100, 1973, for the self-organisation of orientation-sensitive nerve cells.
25 Similarly, it is also described in K. Fukushima, “Cognitron: a Self-Organising Multilayered
Neural Network”. Biological Cybernetics, 20:121 — 136, 1975 for the self-organisation of a
multi-layer neural network called the cognitron. There are also nenrobiological
justifications for competitive learning techniques as described in J. Ambros-Ingerson, R.

Granger, and G. Lynch, “Simulation of Paleocortex Performs Hierarchical Clustering”.
30  Science, 247: 1344-1348, 1990. '

Further examples of documents describing these techniques will now be described,
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system also makes decisions driven by inter-class confusion rather than specific class-based

allograph identification. The approach is also based on a binary dectsmn, with the
20 confusing prototypes “removed from the set of active prototypes®.

L. Schomaker, H. Teulings, E. Helsper, and G. Abbink, “Adaptive Recognition Of Online,
Cursive Handwriting”, Proceedings of the Sixth International Conference on Handwriting
and Drawing. Paris, July, 4-7, 1993: Telecom, (pp. 19-21) and L. Schomaker, H. Teulings,
25  G. Abbink, and E. Helsper “Adaptive Recognition of On-line Connected-cursive Script for
use in Pen—besed .Notebook Computers.” Handout, distributed with demonstrations
presented at the IWFHR I, CEDAR, SUNY Buffulo, USA, May 25-27, 1993 describe a
cursive sctipt recognition system based on prototypical strokes clustered using a Kohonen
Self Organising Map (SOM). The processes described use a writer-independent stroke-
30  transition network that is used to recognise the written imput.

If any of the top twenty possible words output by the recogniser are found to be a valid
word as defined by a dictionary, the values in the stroke-transition network are
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Pr ocessi gﬂ)ﬁstems 4, Mrgan Kaufrmann, San Mateo, CA. 20 Simlarly S
Connel | K. Jain, "Witer Adaptation of Online Handwitten Mdels,"
Proc. 5th International Conference on Docunent Analysis and Recognition,
Bangal ore, India, pp. 434-437, Sept. 1999 describes a system of witer
adapt at | SrtuDABEr %@W@t@veéé%?@ﬂ‘é&e dhat yse adaptivertechniguey foi ghe trgininghased

on the | dprdiddine lsfth Ok SEXEHRRNMAd A Fain, “Teaming Prototypes For On-Line
Hendwiitten Digits”, Proceedings of the 14th International Conference on Pattern
Recognition, Brisbane, Australia, pp. 182-184, Aug. 1998, and G. Hinton, C. Williams, and
M. Revow, “Adaptive elastic models for character recognition™, Advances in Neural
Information Proce.s'.s-iug‘ Systems 4, Morgan Kaufmamn, San Mateo, CA.

20
Similarly S. Connell and A K. Jain, “Writer Adaptation of Online Handwritten Models,"
Proc. 5th International Conference on Document Analysis and Recognition, Bangalore,
India, pp. 434-437, Sept. 1999 describes a system. of writer adaptation that attempts to
construct a user-specific writing style based on the identification of lexemes within a

25  wvriter-independent model, and then uses this writer-dependent mods! to retrain their
classifier, Since the approach is based around the training of a Hidden Markov Model
(HMM) classifier, the adaptation technique is presumabljr performed once only for each
writer (dize to the large overhead required to retrain an HMM system). None of these
techniques attempt to perform continuous user-specific adaptation based on user input.

30
US Patent 6,038,343, describes an approach to adaptation that uses the generation of writer-
specific feature vectors in combination with & user-independent “universal recognition
dictionary” to improve recognition resulis. They employ statistical regression to “predict a
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US Patent 6,256,410 describes a standard scheme for training a writer-dependent EMM
20  classifier, whereby user-specific traiming data is segmented using writer-independent
models, and a set of character-based models are iteratively trained using the training data.

US Patent 5,319,721 describes 2 method for evolving a set of user-independent prototypes
into a writer-dependent set. If the input stroke data matches a prototype to within a certain
25  threshold, the user data is merged with the existing prototype to produce a writer-dependent
prototype and “one or more starter prototype symbols of the same label as the input
symbol” are deleted. If the stroke data does not match the existing prototypes, a new
prototype is created, and again, one or more starter prototypes of the same label are deleted.

30 Tn US Patent 5,544,260 it is described that using “information provided during error
correction for modifying character prototypes,” that s, using correction sirokes made by the
user to update mis-recognised prototypes. Similarly, US Patent 5,550,930 describes a
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Typically, the method includes modifying the allographs to reflect that the selected
20  allograph corresponds to a style of the respective letter used by the user.

The classification scheme can include a number of classes, each class representing a
respective letter and containing one or more of the allographs, the method including:
a) Selecting a class representing the character to thereby determine the letter
25 represented by the character; and,
b) Modifying one or more of the allographs in the respective class.

Each allograph typically contains one or more prototypes, each prototype representing a
variation in the respective allograph, the method including:
30 a) For at least some of the prototypes, determining a selection value based on the
similarity of the character and a respective prototype; and,

b) Selecting a respective ome of the prototypes in accordance with the determined
selection values.
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b) Determining a distance value representing the distance between the feature vector
15 and the respective prototype vector,

Bach allograph preferably includes an associated weighting, in which case the method
typically includes:
) Selecting the allograph in accordance with the weightings; and,

20 b) Modifying the allographs by modifying the weighting of one or more of the
allographs,

Alternatively, the method can involve simply removing the allographs that are not used by

the user, although it will be appreciated that this is generally less accurate. '
25 .

The selection value is typically determined in accordance with the determined distance

value and the weighting associated with the respective allograph.

The method typically includes modifying the weighting of at least the allograph contammg
30 the selected prototype.

The method usually includes selecting the prototype having the lowest selection value.
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L1 Apri | TRORGHIR 22l tnd orliehtiad Ghiddnddis Thg: giidiod of modifying the
wei ghtings can include”at’ | east oné of. a) Decreasing the weighting for
t he. al | ogrddpReesesing the mpighting foi thonbogrpplocantsipieg faastiectsd profotypasindg t he
wei ghti ng fQryane .or re, of. the all ographs.that, do no ntaji n the
sel ected p'Pﬁt&WPgéﬂg}Wﬁﬁ%QPﬁgﬂf %Iéen@%&f’feyoﬁ t&?@l B&P%@Péggﬁlﬁb%&ﬁm&e
decr easi ng th@mmé@}biogg,epf the all ographs by a predeterm ned anount.
Alternatively the method can include: 10 a) Selecting a reference prototype
for each allograph to be nodified; b) Determining the distance val ue for

st ance i ret eyt FRA AR A PR 07 vRlahingof Byl
accor danbpa preibteithibed mbbamice val ue of the respective reference prototype

and the average distance value. 15 In this case, the reference prototype is
usually the prototype having the | owest distance value for the respective

al | ograPMteﬁgﬁvé%m%%&d#éﬁ he@hky performed using a processing system the
e u

processi ng syst I nc Ing: a) A store for storing allograph data

représent i ay Sélectmiglaagfesgios protilypd\fqrreactesiographtth be picdifestsor bei ng adapt ed
to: i) Oot % antre]}Sme]:?nngq:ﬁgw desIcaE:gen vglgg %c?rcetagﬂ fefereﬁce prototype;
¢) Determining an average of the determined distance values; and,
d) Modjfying the weighting of each allograph in accordance with the distance value of
the respective reference prototype and the average distance value.

i5

In this case, the reference prototype is usually the prototype having the lowest distance
value for the respective allograph.

The method is typically performed using a processing system, the processing system
20  including:
@) A store for storing allograph data representing the allographs;
b) A processor, the processor being adapted to:
i) Obtain the hand-written character;
ii) Select the allograph; and,
25 1ii) Modify the one or more allographs.

In a second broad form the present invention provides apparatus for modifying a
. classification scheme for classifying hand-written characters to thereby make the
classification scheme user dependent, the apparatus including;
30 a) A store for storing allograph data representing a number of allographs, each
allograph representing a respedtive style of a respective letter,; and,
b) A processor, the processor being adapted to:
i) Obtain at least one hand-written character;




1i) Select the allograph-, and, 25 iii) Mdify the one or nore qléﬁ'%rfoo&bs.
In.a second broad formthe present invention provides apparat ud’s

modi fyi ngwaD 03gd3azgi fi cati on scheme for classifying hand-wy Ifﬁhzfolii’ita(:t ers
to thereby make the «classification sghene user dependent, the apparatus
including: 30 a) A store for storing allograph data representing a nunber
of allographs, each allograph representing a respective style of a
respective | eii) eSelsct &b QllogRdphrepicR&fing @he cHahRidp! @essor bei ng adapted to:

i) Qotain at | east gne hand-witten character; 11 April 2006 WO 03/034317 9
PCT/ AU02/ 0139H1) Mpgifsecaliogeanh Alate ghesghy medifdng onk 9y mase of therallogeaphs ind,
1ii) Mdify the reby nodifying one or nore of the

al I ographs in a%%@%g’%@@&#%%l?%&gm ection. 5 1In this case, the allograph
data typically includes a weighting associated wth each allograph, the
processor being adgpted to nmodify the allograph data by nodifying the

vei ght i nds thigreass: Bieeallogiaph éétabé’PwHEt@alug@ﬁ &t wietghting sassepdated wifie eathass

aspoct | Touray df Bndpiafoctly abihuel B R CREMEEADE SEPETIRRABER e o

may be aveiphfidgd.o store prototype data representing prototypes, each

al l ograph containing one or nore prototypes, each prototype representing a
variation in the respective 15 allograph. The processor is preferably
adapt ed S5 'EE&;Q&F i [ Lpn. 20
In a thi trrge Etr%géad fol%(?ns? he pregﬁa?ﬁ%]ﬁ\%ggnﬁ%r%?%gﬁ %@é%ﬂ é@:@%ﬁg@ﬁ%@f of

cl as#d f ytlaspehaeaghvelisst represeritingaz trespecting Teffen and avonthitying dast orciags bf iteat i on
schene, e cl.assification schene including a nunber of allographs, each
al | ograp ‘?gﬁﬁh@senti ng a respective style of a respective letter and
having a respective weighting representing the user dependency, each

al l ograph contai ning one or nore prototypes, each prototype representing a
vari ati ohhs ploreheay b adapted do store prototype data representing prototypes, each allograph

containing one or more prototypes, each prototype representing a vatiation in the respective
15  allograph, '

The processor is preferably adapted to perform the method of the first broad form of the

_ invention.

20 In a third broad form the present invention provides a method of classifying hand-written
characters using a user dependent classification scheme, the classification scheme including
a number of allographs, each allograph representing a respective style of a respective letter
and having a respective weighting representing the user dependency, each allograph
containing one or more prototypes, each prototype representing a variation in the respective
25  zllograph, the method including:

a) Obtaining at least one hand-written character;

b) Fgr at least some of the prototypes, determining é selection value based on the
similarity of the character and a respective prototype, and the weighting of the
allograph containing the respective prototype; |

30 ¢) Selecting a respective one of the prototypes in accordance with the determined
selection. values; and,

d) Classifying the character in accordance with the selected prototype.

g
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25 al l ograph, the nethod including: a) Qbtaining at |east one ngd- wr n
character; b) For at |east sone of the prototypes, determni ngqa‘gﬁrﬁ@‘ﬁ%n

val ue bassyb @iy simlarity of the character and a respﬁf:lt' t ot ype,
and the weighting of the allograph cqggtaining the respectlvé‘&%@()"%gt%ype; 30
c) Selecting a respective one of the prototypes in accordance with the
determ ned selection values; and, d) Cassifying the character in
accordan | lec . | :
CT] A2 B TRB OYRE AR LBl Mk rotdend R, 00 plolie Vit beblh
each pr ofoxmegefromcs amndber naf vdlnesyresdcH rvaleaquuntifying @f regpdeties featmehofs leue
quantifyin respective feature of the  r ective protqtype. In thjs
case, the& 5 PRIPIRE dp i%ae:atﬁw%\m %ﬁﬁwme PP%Qaliuﬁém © 5 a)
Det er m ni;pfdas:f eature vector representing the character, the feature vector
being fornmed froma nunber of values, each value quantifying a respective
f eat Ur e of a)hBeterhinieg b dfeatuly) vadorreprasentingathdichtmnies thelfeatime eypctes deririgng t he
di stance betwen feature vector and the respective pr.otaqtype yector;
and, 10°c) et PR o S EHELEE bE LR o§ YA AL B Ore easiive fratirs of He
determ ned di gk, val ue and the weighting associated with the respective
al l ograph. The classification scheme can include a nunber of classes, each

cl ass repr &eRelengining & digtensei valud mpresenting dhe distance betyeom gheofeaimps weoddr t he
al | ographs. | i t met had 15,usual ly includes selecting a class
in accordanceg.%\né{gﬁ?sﬁg&gglpﬁ ©gPe '%%e to thereby determine the letter
r epr esent ed) bpetehaiminiheciebiction FaB@ e dtorlidive HilStieldetdinied GaMREali
nodified in accprdance with the method of the first broad formof the

i nvention. 203nhEeyeightne gaweiatad with theirespeetivesallagraph.pr ocessi ng system the
processing systemincluding. a) A store for storing:

The classification scheme can include a number of classes, each class representing a

. respective letter and containing one or more of the allographs, In this case, the method

15 usually includes selecting a class in accordance with the selected prototype to thereby
determine the letter represented by the character.

In general the classification scheme is modified in accordance with the method of the first
broad for m of the invention.
20 )
The method generally includes using a processing system, the processing system including:
a) A store for storing:
1) Allograph data representing the allographs and the associated weightings; and,
ii). Prototype data representing the prototypes; and, ‘
25 b) A processor, the processor being adapted to:
. 1) Obtain the hand-written character;
if) Determine the selection values;
iii) Select the prototype; and,
iv) Classify the character. |
30
In a fourth broad form the present invention provides apparatus for classifying hand-written
characters using a user dependent classification scheme, the apparatus including:
a) A store for storing:



i) Allograph data representing the allographs and the assdci at eg .
gdsArr2006 5

wei.ghtings; and, 1ii). Prototype data representing the prototy
b) A proce¥@83/34stve processor being adapted to: i) Obtai ek d%%awi tten
character; ii) Determne the selectiomvalues; 1iii) Select the prototype;

and, iv) Cassify the character. 30 In a fourth broad formthe present
i nvention provides apparatus for classifying hand-witten characters using

a user dependént Allbgraph H4t6 AdpréentSiehBubdrve 1Rl sbsh iafisdysH g A store
for storing: \/\003/%3%317 11 11 April 2006 P /A@Z/OlBQ%EhSHi@ﬁS?%%@aph

dat a represent i n eSPaeivsatyle of 4 tegnerlphletien sl aawkighingassocigied suith emd. a
respective styl e 19f; r s 1 nd a . weighting.associajed with
eacﬁ al | ogra%h,ﬂﬁ%ﬁ’\kk%%?%gﬁgé%%égﬂrﬁqtﬁauf%g@?nq@ g}?(filﬂgﬂ?'g%*fmldhe
al | ograph, andi) Picjotiiseodats iprseiding ohe pf ﬁﬁ)@dlﬁﬂoﬂﬂﬂﬁﬁ,eea@]ﬁ pf@ét?pd%?}é& :
the respective all ograph;

each prototype reg{fr‘r?s,enti ng 5 a variation in

and, D) A proces§itiationn e sespectiye aBegraphi#8dpt ed to: i) Obtaining at | east
one hand- wt G : ks st sone of the prototypes,

determ ne a)sseq[eg[gt%ﬁﬁ%ﬁ’t%%ce%dggggﬁ%ﬁ%ﬁéﬁ&si mlarity of the character and a
respective pr ik oDbjamingatdeastmedmhdioiritteg chdradgthe 10 al | ograph containi ng the

respective praq pe;. iii) Select a respective one of the prototypes in
accor dance w Pﬁ]%%ea%&%% F‘%Hl?lélé the; proftynesndsjenmine & sgleetion vglucchassdi dnythehe
character in_ac%ﬂﬁq?q)f\&éamgm g&ﬂw& WB% s case, the
store can be adapted fo store cl asshgﬁe re{r)ér)é@en |h§&§t¢e{}rﬁ%gﬁ?ﬁ Oﬁﬁlﬁsses,
eachl®| ass r epr callographgontainggthe taspeetiveptototymnd cont ai ni ng one or nore of

t he al | ograph e.processor can_therefore be adapted to performthe
met hod of theﬁpt#-e?%:tﬁr% ¥ ARg L tF‘T\qut?W@?ﬁ inggpcordance with the determined

selection values; and, _
iv) Classify the character in accordance with the selected prototype.

15  Inthis case, the store can be adapted to store class data representing a number of classes,
each class representing a respective letter and containing one or more of the allographs,

The processor can therefore be adapted to perform the method of the third broad form of

the invention.

20
Brief Description of Figures
The present invention should become apparent 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 figure, wherein: '

25

Figure 1 is an example of a processing system suitable for performing the present
invention;
Figure 2 is an example of two static allographs of the letter "a";
Figure 3 is an example of two dynamic allographs of the letter "a";
30  Figure 4 is an example of two similar allographs of the letter "a" and the letter "d";

Figure 5 is a schematic diagram of an example of the structure of a classification s'ystem;
and,




20 Brief Description of Figures The present invention should becope,
apparent fromthe follow ng description, which is given by \Afaa%ﬁ'ék%(?&ﬁ e
only, of gwossafgred but non-limting enbodi ment thereof, ch.?&?dr }Oiﬁ’ in
connection with the acconpanying figuje, wherein: 25 Figure 2 exanpl e
of a processing systemsuitable for performng the present invention;
Figure 2 is an exanple of two static allographs of the letter "a''; Figure

3 is an gﬁ% lﬁﬂﬁfi ] : t AL Fi.gire 4 is
an exarrpﬁ of %\I\%ECSI m g%g?%%gé%ﬂgﬁ@ﬁ?%ﬁt&eé&Eaﬁﬁﬁlﬁa@hﬁég&te DE@F "d'
Fi gur e Solassifier dedisiomtrdgiondi agr am of an exanpl e of the structure of a
classification system and, 11 April 2006 WO 03/034317 12 PCTI AU02 /01394
Figure 6 is a schematic diagram of an exanpl e of nodifying the all ograph
wei ght on the «classifier decision regions. Mddes for Carrying out the

| nvent i : escribed as applied to the witten
descri pﬁpgﬁegggtgﬁgéﬂgggﬂ'tgﬁgméf?'grger to provide a nore precise

undersst abii fadlowAing meodss lsredescripad a7 appliadhte fheewritten deseviption end appemsiednpl e

of appargf.us .sui | e for inpleneptl e.present inventjon wll _ now be
10 descr‘%‘ﬁ% lﬁn%ﬁf’??%g’g’r"g?caén?%%ﬁ%% r’%ﬁﬁsgﬁﬁﬁgﬁ%&% Jeﬁgﬁ]ﬁg% #Eresst em 10
adapt ed ih@entipts f or m handwiting recognition. In particular, the processing

system 10 generally includes at | east a processor 20, a nenory 21, and an
I nput device 22, such as a graphics tablet and/or keyboard, an output

xt er nai AR SEmpC0r Bodpth SBUBK (£ HMERed Gl ol el S A B A
pr ocmwssi degeribyedt with trefererst ao Figdte 15 uwhich shows daprabasiag sybteus €0 ddasted to

rocessi ng.systemi.s adapt to recei ve and decode handwitten text
(F:) har act Qéfor&%andwnﬁng recggn%gon.

In particular, the processing system 10 generally includes af least a processar 20, a memory
21, and an input device 22, such as a graphics tablet and/or keyboard, an output device 23,

15  such as a display, coupled together via a bus 24 as shown. An external interface is also
providéd as shown at 25, for coupling the processing system to a store 11, such as a
database, |

In use, the processing systemn is adapted to receive and decode handwritten text characters

20 using a predetermined classification scheme. Initially the classification scheme is user
independent, however, the processing system 10 is also adapted to modify the scheme,
thereby making the scheme user dependent, to thereby increase the accuracy of the
character recognition.

25 From this, it will be appreciated that the processing system 10 may be any form of
processing system such as a computer, a laptop, server, specialised hardware, or the like,
which is typically adapted to perform thess technmiques by executing appropriate
applications software stored in the memory 21. '

30 In order to achieve this, the processing system 10 implerents a classification scheme that

utilises allographs for identifying respective styles of letter. The processing system then
uses adaptive learning of the letter allographs used by a specific writer.
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20 using a predeterm ned classification schene. Initially the .
classification schene is user independent, however, the proceséﬂr@prély%Q%
10 is al syWGoHpualt to nodify the schene, thereby nmaking thgySehgUser
dependent, to thereby increase the aceguracy of the character recognition.
25 Fromthis, it wll be appreciated that the processing system 10 may be
any formof processing systemsuch as a conputer, a | aptop, server,

speci al i betterhadiogwphemode] thé Stylidticovariatiéil fhthe rititial sTahdividasianb@etet SlaBRES or m
t hese techni,ques by executing appropriate applications software stored in
t he menpi{atas, thepropresgptfhe dlt%r@gwm'@a’iwb%mqtmnw bedrawnndllegrepleneanche

| npl enenfgga4C '-i%%'lig h | | kSES | agr aphs. for
identify|ang P‘ eé%ég‘tlb%\/e S yge@&oﬁg?%ﬁg@r .Sh%"e"f)f‘ﬁ%é‘gé?%gms_ ‘_frg%nﬁ‘?ﬁnoneuses
adapt i veallographi frgmofnothier, Eedripstes @dtmrﬁﬂéﬁﬁwwﬂnbie@r sPefb EhewiMd Fighre 11
April _ 2006 WO 03/034317 13 PCT/ AU02/ 01394 Letter allographs nodel the
styl i%tit variation in the witi ng of individual character classes. That

is, they represent the different ways that a character nay be drawn.
Al 'l ographs can be defined as. static, meaning that the overall shape of

t he char Atibgmphaicanr alsd ni elynamie, whdre ghapilidorais anay hiebk HakP!g ofs

static all.ogr of, the letter "a" ,are shown. in Figure 5 2. Al oographs

can al so%@ﬁ%ﬁi@ ,dym@rce?%ﬁfﬁ%m&?wa% S or 96 Kiregtion | of strplgas that anake

di f f er engg ) ?ﬁﬁg td Le. nh r= G dir i on of

strokesn?' g_itqurr%%_(% Eﬁ%ﬁ?ﬁgolﬁg ter3 mggéﬁldggﬁbo%hgynaaﬁ%c%ﬁﬁo%&g%%g 3gf he

| et t & "partierlar, Ehthimetamplé thebesi@shape of theptswotlettars i similar, bin the earsivnl lchdshe

basic s he.fwo .letters is.sipilar, but the yersion,1 has__ been

dr awn wh%%aﬁéﬁgvgﬁ&?{}a&sgﬁfﬁ’ |"§hlf%@ev Py, ?"%%g?ﬁjﬁ%dlﬁ‘é@nw&hm with

two st ratokss. SShosall 38 heve BBt dPnkeik hind M@ﬁ&%ﬁﬁ%%&m&k@mﬂi ng,
| oth on

it is possible for allograph-based adaptati on to wor | ne and

onl i ne (¥Pgraphryaced apptetion & Workdagbetli eminesgust efiline K. AOptical Character

ey encouneReReRl bR ° (Te General |y Use a single all oraph for each

lette& when witing. Thus, a particular user will generally wite a given

letter IJQ v;[frri]tgr-s %ggen?ltetvltl sejrstgr?acnr;uét Imnc?del all the possible allographs that it may encounter.
However, users generally use 2 single allograph for each letter when writing. Thus, a
particular user will generally write a given letter in the same style each time,

20 As aresult, a writer-independent system will contain a large number of allographs that are
~not required for recognition for a particular user. These superfluous allographs can lower

the recognition accuracy of a system since they may be similar to an allograph of a different
class that the writer does use.

25 An example of this is shown in Figure 4. In particular, the allograph on the left represents
the letter ‘a’, while the allograph on the right represents the letter ‘d’. Clearly, there is a

great deal of similarity between these two allographs, with the obvious possibility of
incorrect recognition.

30  The lstter “a’ allograph shown here is rarely used in handwriting, and is not needed for the
recognition of most writing styles. Writer-independent systems need to support this
allograph however because a small mumber of writers use this style, but by allowing this
allograph, the potential for the incorrect recognition of letters is increased.



20 As a result, a witer-independent systemw || contain a Iarﬂqﬁu:ﬁ@' of
al | ographs that are not required for recognition for a particuii&tPrijsg106
These supwiddamwessazal | ographs can lower the recognition agy " %946‘
system since they may be simlar to agy all ograph of a differen Ccl'ass that
the witer does use. 25 An exanple of this is showm in Figure 4. In
particular, the allograph on the left represents the letter "a', while the
al l ograph on the right represents the letter V. Clearly, there is a great
deal of si rrilaritx bet ween these two al | ographs, with the obvious

e

possi bi | Thys, 3t Will e spprseiateddbaignpartionlar Bdividual (veitltnot generallyt weiter theHetdrawn
here is parelq En handwgi.t.in and .S not .neede or, t cogni tion
of nost V\?‘ i Bﬁhng’ ngn‘ césa. Sl%aﬁv%fhl?lh éﬁ%’éﬁg@ygﬂ%@&?&:@‘i@t@ﬁ’ﬁﬁﬁﬂ s
al | ogr apkhdw\EEuReicREle ba régired il i8e B dvkt AREFchtim . style, but by
allowing this allograph, the potential for the incorrect recognition of

lette?s is increased. 11 April 2006 WD 03/034317 PCT/ AU02/ 01394 14 Thus,

it will ' ' LUl | Vi | wi || t .l
wite tnairare PRl Hi f Riptedi n R AHbBanl & el ne¥E iRt o1
it is unbihkelaflogtuphs ot hhd kemal letigr dplie ighogudn therehy vingVeht @hRRcter
required in g _usg& dependent cl assification system 5 Thus, the processing

slylst em i ECaguHPR dor reseciive Witery His Siredpresliavirthe Brocessing Wi@abl@t her

a ograp{bsm&,g : : '8 ovi ng e

char acter g%%%??g%%?g%@%é%%ﬁi@gﬂ@éég%croﬁﬁ???%f ore allows the

procé®si ng systemto be able to support a wide range of witing styles

wi th higher recogniti.,on accu . A0 In use, the prqcessing system 10

t her ef or El We&‘gtlggcetsﬁng @@Eﬁ“?r iggi/e&?flaWaQPP@ites taﬁaceem@qae&t%@d commaEssttbe t o

letters, ciapatta ﬂo%ﬂ:ﬁﬂr&dsé]ﬁéﬁghé Qto%é&ein%% ab@bge . THY si1o}s é"’ﬁrc{s@?sorto
letter and a e character

processor to  determne the | ograph to which t

cor r espofigterming therpiteriand gloryapht toywhiclh thecharabier camgspoiidsg t he character to
prototypes stored in the database 11. The prototypes are grouped into
respective allographs and letters. Accordingly, the simlarity between the

char @£t eThiaris gtdially adhidved &y compUERS tHehaflcRS to bRROKHPE! Skt fﬂaaaaBMé

closely matches the character, thereby allow ng the character to. be
assi gnedlt-olle Peatplapss; 48 Srowned dptoarrspestive gllagnaphy s letters. Accordingly, the

similarity between the character and the prototypes is used to select the prototype that most
closely matches the character, thereby allowing the character fo be assigned to a respective
letter and allograph group. '

20
In particular, this is usually achieved by defining the character in terms of a feature vector.
In this case, the feature vector inoludeg values representing different features of the letter.
The prototypes are stored as prototype vectors, allowing the distance between the feature
vector and prototype vectors to be measured in a feature space, thereby allowing the most
25  similar prototype to be determined.

The processor then modifies the allographs corresponding to the selected letter, thereby
indicating that the allograph is an allograph used by the respective user. This is generally
achieved by having a weighting associated with each allograph, with the processor being
30  adapted to modify the weightings of the allographs. Thus for example, the weighting of the
' allographi used by the user can be increased/decreased, Witﬁ the weightings of the other
allographs being decreased/increased accordingty.




20 In particular, this is usually achieved by defining the character in
terms of a feature vector. |In this case, the feature vector i 1d1ARK2006
val ues repY@4¥IHIYTg different features of the letter. Thep@HREGIMRKS are
stored as prototype vectors, allow ngifhe di stance between the feature
vector and prototype vectors to be neasured in a feature space, thereby
allowing the nost 25 simlar prototype to be determ ned. The processor

t hen nodThésedechniuas wily newite desoribed promdiedetdi t he sel ected letter, thereby
indicating that the allograph is an all ogtaph used by the respective user.
This is generally achieved by having a weighting associated with each

al | ogra Whiciakh r:.begi d e ifyv. the Lght ifngs of
t he gl I gg!r gphs. a&l’h%&@@gnﬁglg,&ﬁ@%\?\gi gﬂal g%rhg?@gelex%ﬂgog allﬁ ustg by
T ot aphe el ua doct cason | o s res peiobaighé Wilhe Qfactbed Bithnts

all ogra ein creased/.i.ncregsed, accordin ) d S ese
tech% qg ST Ofgngga. é’é@?l?lﬁ%ocq?ﬁﬁ]%ﬁﬁrép?féﬁ%ﬂﬂyy 2 Eugfideap-dgape nearest-
PCT/ AUO2AQ31hr claBsifer)! EiWewtn, pbrdns’ Ritlah ke Aﬁ@%gﬁ@gﬁg@%@ P:(L)e&[rg%eﬁgre -

conpetitive learning algorithmfor handwitten

this exatssl be apphlied de anyqclassificr| type this seni supgort rihe epantiiionimyf of chissep| iato

t enpl at e; I_n assifier. (specifigall Eucl i dean-di st ance nearest -
nei ghbou?ﬁ?*agggg‘l%‘\ e ?WWEﬁveﬁt}ﬁQ%gﬁ O%hpf ®n the art will appreciate
that the procedure can be applied to any classifier type that can support

the partitioning of classes into subclasses, and the subsequent weighting
of t hbsensadditionstodhis, the weighiawiatingproesdnts is not metricedepkndenpatsit simglypeheedur e

. t . . : iy oo f
or ot ot ypo e PERERC oAl o HBllpk Rt o B B e e il
metrics distahcennetrics bidhea Buglidéanntistandey Damensic Tie-Wipiighete, €t c. I n the

initial stages, the processor 20 will receive an input signal representing
the character 15 under consideration. This is usually received fromthe

| nput  dewithe irdBal staes, MY pRdcaRoP 80 d;egv% fiP@% 41 ABHRkird! L9 he
dat abase. In any event, the proocegdsﬂél)lrifé %gr rnsggﬁ?oa erétﬁn%ltgésggﬂxi“%% I on
tk)y (rjrh‘-i:)]E)l ngler nenmmuoml g‘halls mltallyrrecmyed)ﬁomrmelpnl?nehmcd mpbﬂemh_y?ﬁmb wone
ind of n i.satipon. into a,multi:di.nensional feature space, e
proc essoﬁpg{etg%‘i@%f’g%ﬁsgﬁqe@g’r Jﬂ’&da?"g’aﬁ%aiﬂ ¥, event fae Progessol Q) perdotmsned
feat ur espaiterd blessifidatioh bySH#ghiibthe input signal, which may be pre-processed to perform
- some kind of normalisation, into a multi-dimensional feature space. The processor
therefore assigns values to quantify respective predetermined features of the letter, such as
20 letter height, width, number of strokes, maximum stroke length, or the liks. The mapping is

used to generate a feature vector.

The processor 20 then applies the feature vector to a set of class models to determine which
class is most likely to have generated the given features.

Template-matching classifiers work by storing prototypical examples of classes
(prototypes), and perform classification by using some similarity metric to compare the
put features with the prototypes. The class of the prototype that is most similar to the
input feature vector is assumed to be the class of the input pattern. As an example, a simple

30  Euclidean-distance nearest-neighbour classifier simply stores the feature vectors of a set of
training examples, and labels an input pattern with the class of the training pattern feature
vector that has the minimum Buclidean-distance from the input feature vector.
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as the sane allograph - allographs nodel a specific witing style for a

particul ar letter, whereas
Thus, it is possible for many prototypes of the same class to be identified as the same

allograph — allographs model a specific writing style for a particular letter, whereas .
20 individual prototypes represent instances of that writing style. For example, in a nearest-
neighbour classifier, it is common to have many prototypes representing the same class,
with the differences between the prototypes modelling the possible in-class variations of the
features (such as translation, rotation, shearing, "etc.) Similarly, many prototypes of the
same allograph may model the variations in writing of that allograph. Thus a classifier

25  supports many letter classes, a class supports many allographs, and an allograph may
sapport many prototypes. '

TIn this procedure, classification proceeds by caloulating the distance between each
prototype vector and the input feature vector in the feature space. This distance represents
30  the similarity between the feature vector and the prototype vector, and hence the similarity
between the character and a respective prototype. The processor 20 then determines the
class of the prototype in accordance with the minimum distance as the label of the input
data. Thus, the processor 20 determines the prototype vector separated from the feature




20 individual prototypes represent instances of that witing style.  For
exanple, in a nearest neighbour classifier, it is comon to hé\%jﬂﬂ@ooe
pr ot ot ypeIQ 830d8nt i ng t he sane class, with the differencasadpioisgn t he
prototypes nodelling the possible in-¢fass variations of the features
(such as translation, rotation, shearing, 'etc.) Simlarly, many prototypes
of the sane allograph may nodel the variations in witing of that

al | ogr aplyectdiissthe minhasinf digtanceSratuspd usss s defirintiic thle ASEE Seprésetied by
supports many al |l ographs, and an al |l ograph may support nmany prototypes. In
this proltsdRBNeE| assification proceeds by cal cul ating the distance between
each prototype vector and the input feature vector in the feature space.
This distance represents 30 the simlarity between the feature vector and

t he prot dit yyder westpport thadviterspecificaletermination oY alibgbpiecthd dietasdeavates &r and a

respective, profotype. e, cessqr, 20 then determnes the class of the
prot o ypﬁa"illrpraé’gﬁ%déﬁ’&‘ggﬂ}l%ﬁlf hersighting, facter depsndipson itsallogsaphy type. Ths i nput
dat a Thugy, RABCKSBS %11']-& éel% ?Rér 2%3% from
t he featyroe 1 April gg%c%é&vt\%ﬁtg% 34%?%6%%%3?%‘3%%5% ngze_r r ;‘/ﬁﬂhe

m ni mum dicstasen g distanee amefricsss dedreasitgo a detightnineeedsbe thee ptobubiligptias ent ed by
the charagter. In.order. to.support the witer-specific, determnation of

al | ogr ap?ilgqgr?%w'@i e matehy m@fff’@rthe g%%”%ﬁ?ﬁ@ t{aifﬁﬁgléd by a

wei ghting factor depending on its allograph type. Thus all ographs with

hi gher weights are |less likely to be matched, since the higher weighting

wi |1 10| nbrieallyeal] recights tfancdl altegraphs ase infbiskissdsiontheasanes gbn-zémcvalas dfort he

Gecr oase 2EE B, BRicefing S8 38 bl menlRo BRiErRR jn S5 o ety 2 o
al | ogr appeinithe classificationh sekkntjs id@pariesy, non- zero value (for exanple, 1),

indicating that no witer-specific preference is given to an allograph. At
this point the classification schene is independent. Adding in the

nearost - g Bk ERaing s Eolahod Mie oY o7 o MENUCERRA R 11

DI ( x}5=wt meighboyr ¢lassifier as follows:

(%) = argmin(D,(x))

Di(@) =w x [ x-y:l

20
‘Where: ¥:is the feature vector of prototype #:
W;is the (shared) allograph weight of prototype i.
ne(R4Q),
X is the input feature vector such thatx € R ¢,
25 8(x) is the classifier decision function such that 8(x): R% @ is:

Q are the classes such that @ = {&,...,t5}
{p1, ....pm}are the prototypes

The weightings are determined to reflect the allographs that the user uses. Thus the
30  processor 20 operates to perform weight adaptation to modifying the allograph weights to
give preference to allographs that the writer is more likely io use. '
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where: ¢ is the allograph number of the matching prototype, and
1 is the leamning rate parameter,
15 _
It will be appreciated that the classifier will not always match the correct class.

As an example, a badly formed ‘a’ might match the letter ‘@’, resulting in an update that
decreases the weight of an allograph of ‘d’ that thé writer may not use. However,

20  subsequent correct matches of the ‘d’ allograph used by the writer will increase the unused
allograph weight and decrease the correct allograph weight.

It follows that weight adaptation should occur slowly, to avoid inaccurate classifications
giving too much weight to an incorrect allograph. However, the higher the learning rate, the

25  more quickly that adaptation will take placs, resulting in higher recognition accuracy. It is
therefore necessary to find a balance for the magnitude of the learning rate,

It will be appreciated that this may be implemented by having the magnitude of the learning
rate adjustable by the user. Thus, the learning parameter 1, which ig typically stored in the
30  database 11, can be adjusted by the user, to allow the rate of learning to be adjusted. This

allows the user to set a desired level of leaming, which can then be reduced if too many
inaccuracies occur.
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does not get too large allows allographs to increase in priority if the 15
user changes their witing style at a later date The ef fect of nodifying

6.1 parpiiie Bt Geldold Socael i bl oS SlBfhehs ) Hfeand pldoy B 0
decr efnsedser charges theirerdtingiveyle st glanldadeci si on boundary 5 (solid line)

toward the class 4 form ng a new 20 deci si on boundary 6 (dashed |ine) that
gi ves a higher probability of matching class 3 over «class 4. The sinple
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Figure 6. In particular, in this example, as the weight for the class 3 is decreased, this
pushes the original decision boundary 5 (solid line) toward the class 4 formjng a new

20  decision boundary 6 (dashed line) that gives a higher probabﬂlty of matching class 3 over
class 4.

The simple weight adaptation procedure described above can suffer from a tmumber of

problems.

In particular, a number of allographs might match almost equally (ie. there is only a very

small difference between the distances to two different allographs from the feature vector)

indicating there is no sirong evidence of one allograph being usage in preference to the

other. Conversely, there may be a large difference between the allograph scores, indicating
30  aclear preference for one allograph type over another.

In the first situation, the weight updating should be small, reflecting the lack of confidence
in the identification of the correct allograph. In contrast, in the second situation the weight
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The processor 20 then determines the mean of the minimum distances for the allographs in
the class, and uses this to update each weighting. In particular, the weighting modification
for a particular allograph is based on the difference between the allograph’s minimum
20  distance and the mean distance. To ensure that very large distances do not produce very
large changes to the mean, all distances are converted to an exponential form, as follows.

Jor each allograph i within the matched class

M, = argmin(D,) |
J

25 E=e™
2.5
E=-
n

where: 11 is the learning rate parameter.
30
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10
The procedure described above is automatic and therefore requires not intervention from
the user. In particular, the process is unsupervised as thers is no feedback from the user or
another source to teach the correct identification of characters in the event that incorrect
determinations are made.

15

However, it is possible to support some supervision in the weight adaptation process if

additional information about the classification of the input signal is available (for example,

contextual-language models). In this situation, weight updating can be delayed mtil all

recognition processing has been performed, when the final results can be used to modify or
20  verify the raw similarity metrics of the classifier.

For example, weight updating might only be performed if the classifier decision matches

the final decision produced by the recogniser. Thus, if the classifier selects the letter ‘d’ as

the most likely match, but later processing concludes that the letter is really an ‘a’, the
25 weight update would not take place.

Alternatively, most recognition systoms generate some kind of confidence level for letter

alternatives, and this probability can be incorporated into the weight update procedure so

that updates oceur proportionally to the level of confidence that the letter is correctly and
30 unambiguously identified. '
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This in turn allows a single central processing system 10 to be used to identify handwriting

20  from a number of users. This can be used, for example in a network based environment,
such as the Internet, to allow a single processing system to analyse handwriting submitted
from different users via a web-site or the like.

The invention may also be said broadly to consist in the parts, elements and features
25  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 equivalents in the art to which the
invention relates, such known equivalents are deemed to be incorporated herein as if
individually set forth.
30 :
Although-the preferred embodiment has been described in- detail, it should be understood
that various changes, substitutions, and alterations can be made herein by one of ordinary



fromdifferent users via a web-site or the like. The invention nmay al so be
sai.d broadly to consist in the parts, elements and features 231-Rpd2QQ6 ¢ o
or indi catwedesms4biye specification of the application, i ndiﬁ/‘jé,!gﬁgﬁél or
collectively, in any or all conbinatigyas of two or nore of ﬁ&ﬁ? S

el ements or features, and where specific integers are nentioned herein
whi ch have known equivalents in the art to which the invention relates,

such knowrilleRiUhY rewitBod’ %@ﬁgﬂﬁo ol O A |
i ndi vi dual | y_set forthc.’_ 3‘861’ t oud:'& teﬁﬁ"’jﬁgg’?g}%r@%[‘%?fb‘%"a w%gnt“aﬁgj‘g’{“%@ﬁe
descri bedesciibedand ss hareinaferwel=imbé under st ood that various changes,
substitutions, and alterations can be nmade herein by one of ordinary 11
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descri bed and as hereinafter clained.” Thus exanp

modi f §i ndivoke staphhremnying thel dllographhthat elenotetsitbly dinuseh. IThisOhye bsioaR Y
gl e S siBfe e SRR Badd 8 wRe adRoc AR ERRls RERERRY 24 Oherein el
o e v S S e o T RS o o
ot hod ot amokAeh & A83lvkd ok B cBEEMRom dchete (1 s i ng nandowi tten

chard¢ters to thereby nake the classification schenme user dependent, the
classification scheme 5 including a nunber of allographs, each allograph
representing a respective style of a respective letter and having an
associ ated wei ghting, the nethod including: a) Obtaining at |east one
hand-witten character; b) Selecting an all ograph representing the
character; and,.




c) Modifying the weighting of one or nore of the allographs in accordance
with the 10 selection. 2) A method according to claim1, the fdt 006

i ncluding nodi fying the allographs to, refbect that the selected all ograph
corresponds to a style of the respecfﬁ@é | etter used by the user. 15 3) A
met hod according to claim1l or claim2, the classification schene including
a nunber of classes, each class representing a respective letter and
contai ning one or nore of the allographs, the nethod including: a)

Sel ecting a class representing the chagfphgr to thereby deternine the
letter 20 represented by the character; and, b) Mdifying one or nore of
the allographs in the respective class. 4) A nethod according to any one of

t he cl ai | ,to each | ogr aph..cont ai ni n ne, or... .nobyre pratotypes, each
pr ot ot ype 1 efrBeind PRGaRRL RS FARSS A BEE LR ok hegPpleh thisess

net hod i ncl ugi Mgiebg)miley that clhRERhtis® ¥Ehedie hite depeidRhY ARS clA@kestHInNichemd
sel ection val ue based on the simlarity of the character and a respective
prot ot ype; aigludie sapabey pigallogranhseeachyadlographoepicpaatipe ot isspgstize istyle of a
accordance w . ' S oL val. . A hod accordi ng
to claimd4, V\%e%ébchg?h%g} iﬁ{ndcrg aS/ I aél a?%‘%%%%‘?ﬁ&lg? hﬁgi?%%gthlgﬁ 1%0(1:12@1%%%06 W th

t he sel ect eda)prittgininget 1hE\WRIG RafndswiittcARharact206 - 25 0 6) A net hod
according to clakgx4 or claimb5, the nmethad including selecting the

al l ograph % &€ Pﬁ%ﬁb@ﬁﬁF¥ Iepsewing thehapictrottifloe” 7) A net hod accor di ng

o any one of WRHEIR i delbifh oPBRIOPERLOLY iR MIREAGLE SPLESERLED AR md

prot ot ype vector, €each prototype vector roma nu
val ued¢ each vatleetiquantifying a respective feature of the respective
prototype, the method of determ ning a selection value including:

2} A method according to claim 1, the method including modifying the allographs to
reflect that the selected allograph corresponds to a style of the respective letter used by

the user.
15
3) A method according to claim 1 or claim 2, the classification scheme including a number
of classes, each class representing a respective letter and containing one or more of the
allographs, the method including:
a) Selecting a class representing the character to thereby determine the letter
20 represented by the character; and,
b) Modifying one or more of the allographs in the respective class.
4) A method according to any one of the claims 1 to 3, each allograph containing one or _
more prototypes, each prototype representing a variation in the respective allograph, the
25 method including:
a) For at least some of the prototypes, determining a selection value based on the
similarity of the character and a respective prototype; and,
b) Selecting a respective one of the prototypes in accordance with the determined
selection values.
30

5) A method according to claim 4, the method including selecting the class in accordance

with the selected prototype.
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a) Determning a feature vector representing the character, the feature
vector being forned froma nunber of val ues, each val ue quant iﬂﬁﬂ"d' 2006
respective feature of the 10 charact_ezr;_ ard, b) Determ ning a distance

val ue representing the di stance bet vveer? the feature.vector and the
respective prototype vector. 8) A nethod according to any one of the clains
1to 7, the nethod including: 15 a) Selecting the allograph in accordance
with the [ i ; A tsh - by, L5

el ht i ng o e R R Y e b o PRI RS HloER o
7 and cl ai m 8, acedrdangs] veith theselected erdtetypg deternmined in 20 accordance with
the determ ned di stance val ue and the wei ghting associated with the
respective allograph. 10)A nethod according to claim8 or claim9, the

met hod i ngh udlim@hemakichidingtol 44 onwRIF eetdlAhs Afto Bl cdcBFBbtofyBE baink QeradAted as
containing the selected prototype. 25 11) A nethod according to any one of
the cl & ns 82 peptatgpe versorreedharrofatiteudictng bsmgdermeryfromen npmberatfyyabichasschg

t he | owest i on.val ue. . d cording to any one, of the. cl.ains
B to 11t ho tey MRS releba PE G R C RO R g S B Pone
of : a) Decr edsémngninpe seleti@dhi vavge fnoludidge al | ograph containing the sel ected
prot otype; and b) .I.ncreasing the weighting for one or nore of the

al | ogr aphs t HatPUSIERE Goferians, verter repsesspting ther hasrcigse theniPwimoD veror beingr i |
2006 -26- o 13 weTatcTolalol ' . ' i.n

i ncreasi ng and %I‘rlén ec(?ggm ng E’%gle&éf&ﬁ%ﬁ%ﬁ%&“ﬁ@ﬁ%gﬁgg@gﬁﬁc%% 6 the

pr edetieér m ned a&hwaeter; abd,14) A net hod according to claim 12, when dependent

on claim7, the nethad including: a) Selecting.a reference prototype for
each al | ogr aph QTN & qijtanse uqﬁ%pgqsmqﬂ% etgdﬁ?éa‘}fieé’teﬁ’i‘ﬁi?@ the fepure siectorc h

reference prot Qh&ﬂ@;reﬁ%ctﬁ%tﬁbf&ﬁ'e%c@ﬂ average of the determ ned distance
val ues; and, d) Modifying t'he weighting of each all ograph in accordance

with the di stance val ue of

8) A method according to any one of the claims 1 to 7, the method including;
15 a) Selecting the allograph in accordance with the weightings; and,
b) Modifying the allographs by modifying the weighting of one or more of the
allographs. |

9) A method according to claim 7 and claim 8, the selection value being determined in
20 accordance with the determined distance value and the weighting associated with the

respective allograph.

10)A method according to claim 8 or claim 9, the method including modifying the
weighting of at least the allograph containing the selected prototype.

25
11) A method according to any one of the claims 8 to 10, the method including selecting the
prototype having the lowest selection value.
12) A method according to any one of the claims 8 to 11, the method of modifying the
30 weightings including at least one of}

a) Decreasing the weighting for the allograph containing the selected prototype; and,
b) Increasing the weighting for one or more of the allographs that do not contain the

selected prototype.
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10 the respective reference prototype and the average di stance val ue. 15) A
met hod according to claim 14, the reference prototype being theltAptib20pe
having the |owest distance value for the gespective allograph. 15 16) A
met hod according to any one of clains “T to 14, the nethod bei ng perforned
using a processing system the processing systemincluding: a) A store for
storing all ograph data representing the allographs; b) A processor, the
processor being adapted to: i) Obtain the hand-witten character; 20 ii)
Sel ect the allograph; and, iii) Mdify the one or nore allographs. 17)
Appar at us 130A meitiod geoogliag 6 elsisn 12,0h¢ methoddhending ducredsagintiior decreasing the
hand-witten _characters .to thereb ke the classification schene user
dependent , tﬁﬁwﬁ B%PgﬁﬁéﬂPﬁ@P 3Hbffg%°%Wn%f?PBWE'for storing allograph
data representing a nunber of allographs, each allograph representing a
respective style of a respective letter and having an associ ated

wei ght ng;14aAdnetbyd accprdinetsdaim thevhen depaslont dreilaigy Bdapmethotl gncludipg:Obt ai n

at | east one_h Wittt character;.30 ii) Selegect, an allaograph

represent i nga)t %’eé?egﬁ'ég gé?efg’?e, Ceal?{a,&’ttm‘% fpr Rﬁfhi#lﬁgﬁﬂg%ﬂq 16‘8&’5]8& data, thereby
nodi fyi ng t he) iRitghiihing def digBeccOrahdibeeh refeh@céptodsiyghs in accordance
with the selection. NPWO02-SG 11 April 2006 0 27 18) Apparatus according to
claim 17, th® NEeEunEE g axeag eldhe detsmpined distagee wrivey; andhe cl ass data

representing f, ¢l S C S. T enti.ng.a fespective
letter and %ﬁ%@auﬁi%%ﬁﬁﬁgggiﬁﬁﬁﬁéﬁgfQ@ﬁéggPPéggég é?‘@ﬂggfﬂﬁﬁggﬁfﬁ ©of
accordong to anye eagectfe edferens pidtoopeahditv A8ragk dastsicorgubei ng adapted to

store prototype data representing prototypes, each allograph containing one
or nore prototypes, each prototype representing a variation in the

respectivesahlaghaPhccoriilg APHARAT 4 Sh AN NEothBrna BYi ‘%{é;?é intk/tht ©
19, the progessor beicgg agdapt ed téd 10 perfeg)??nt e rr%lggg%ﬁ{%to nyﬁ%}] %1% t he
clainms 1 to lb@estdistance value for the respective allograph.

15 16) A method according to any one of claims 1 to 14, the method being performed using a
processing system, the processing system including:
a) A store for storing allograph data representing the allographs;
b) A processor, the processor being adapted to:
_ i) Obtain the hand-written character;
20 ii) Select the allograph; and,
ii1) Modify the one or more allographs.

17) Apparatus for modifying a classification scheme for classifying hand-written characters
to thereby make the classification scheme user dependent, the apparatus including:

25 a) A store for storing allograph data representing a number of allographs, each
allograph representing a respective style of a respective letter and having an
associated weighting; and,

b) A processor, the processor being adapted to:
1) Obtain at least one hand-written character;

30 i) Select an allograph representing the character; and,

iii) Modify the allograph data, thereby modifying the weighting of one or more of

the allographs in accordance with the sclection.
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21) A nethod of classifying hand-witten characters using a user dependent
classification schene, the classification scheme including a Adriesil 2006

al | ographs, each all ograph represen?izﬁg aorespective style of a respective
letter and having a respective wei ghti‘ng 15 representing the user
dependency, each all ograph containing one or nore prototypes, each
prototype representing a variation in the respective all ograph, the nethod
i ncl udi ng: L N ; - WM r : Far

| east soms1 82%&1) heﬁ%;& g{;lgfl@ eté% et@?%héqn?ﬁ% %&%ée%e lt.eﬁlgtﬁ S?;%Fzéiea’sﬁgé%’d&lgnﬁsﬁe

20 sim | ari t gatefreprosenthg aacingrer aif dlasase spbictibssereprestntinyg perespontive Metter and

wei ghting of the . allograph containing the respective prototype; c)

Sel ecting a ?%ﬁ@’@gio\l?ggﬁﬁ’é’r%‘?fotgﬁgh?ﬁr@gﬁtypes in accordance with the

determ ned selection values; and, d) Cdassifying the character in
accordance with the selected prototype. 25 22) A nethod according to claim
21, eaéh gPdbopyplus Becardingdpreaosemead caima 15r ot Jduippds, thectave bemgailaptedttot ype
vect or bei ngStf Qr rrregotf ro&ntg nunbgli. of vta@ ues, C[l val .ue tguanti f%/i n%?a
respective fagtubi@loPs fil Fed SERINg P UPEPeY yREN Al'REFaR CRAISIE GRS 8F AP ng
a sel ection m@tdtepdsedch @ragtypSfpidselifiptd Wirlatibg irtthb eapbétE e W6 E@ph.
representing the character, the feature vector being forned froma nunber
of val ues, each value quantifying a respective feature of the character;
NPW02- SG ' = t ol [ L epr tjng
the. di st anct BBl BEkEamedd i L8 TLBhOR7 % ot v B RLL BebERUERET

vect orp and, pajoriehenrithvdrd ahhensef thetlaiins Y& U& i n accordance with the
determ ned di stance value and the weighting associated with the respective
‘al1 ograph. 5 23) A nethod according to claim21 or claim22, the
classificafh AMn&HBETE c|B& H&(ﬁwﬂﬂmﬁira&&sqisﬁ%sﬁﬁser%ﬁ%ld%h@?lﬁss'ﬁcation
representing a respective letter and contal ning ohe or re of the _
al | ogr aphs, sdhemnptheodadsiation nchess onchiding a mindws of rallagrphs asnacle allbgriaph he

representing a respective style of a respective letter and having a respective weighting
15 representing the user dependency, each allograph containing one or more prototypes,
each prototype representing a variation in the respective allograph, the method
including: |
a) Obtaining at least one hand-written character;
b) For at least some of the prototypes, determining a selection value based on the
20 similarity of the character and a respective prototype, and the weighting of the
allograph containing the respective prototype;
\ ¢) Selecting a respective one of the prototypes in accordance with the determined
selection values; and,

d) - Classifying the character in accordance with the selected prototype.

25
22) A method according to claim 21, each prototype being represented as a prototype
vector, each prototype vector being formed from a number of values, each value
quantifying a respective feature of the respective prototype, the method of determining
a selection value including:
30 a) Determining a feature vector representing the character, the feature vector being

formed from a number of values, each value quantifying a respective feature of the

character;
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sel ected prototype to thereby determne the letter represented by the
character. 10 24) A nethod according to any one of the clains A1°Aprib2006 e
classification schenme being nodified,,n agcordance with the nethod of any
one of the clains 1 to 15. 25) A netﬁgﬁ'according to any one of clainms 21
to 24, the nethod including using a 15 processing system the processing
systemincluding: a) A store for storing: i) Allograph data representing

the all ogr ap§;5s L?é?&rﬁﬁggaastﬁ%h&t ﬁﬂ'ﬂ%fép%%ﬁtﬂ%sthe%gaqc}g'ﬂe}wgén%g YR ARLBr

representing the protofypes; an processor, e processor bei ng
adapt ed to: 2Q@ndtheGesmctive pretdtgred-oatortandn character; ii) Determine the

sel ection values; il el ect, the prototype; and, iv) Cassify the
character. 29 %e%%‘gé §€%§§‘FQS‘P“CW siprasepiganeentithythe felmeined distasee valseng a

user dependent aﬁam&mgeg@ocias&l@m%,thetﬂegpewp@al?&gfa}ﬂ. ncluding: a) A store
for storing: i) Allograph data representing a nunber of all ographs, each

al | ograph representing a respective style of a respective letter, and a

wei ghti ng ociated with each . 3Q.allqqgraph, ,th i ghting representing
t he user &gzenlagﬁgg astorfing 1) ‘%1818} gbhcfr @%81 B?’i SheFﬁaﬁsmﬁi%@ a‘g‘leglqulﬁf@%?i ng
one or nore PEABALIPESsseLaabh RI0E HpteRNAMDh ASHRLIVG let@r VAd icBhiafiing Bnd RS
respective allograph; and, b) A processor, the processor being adapted to:

NPW02- SG 11magsy ¢f the aélgeraphs, ithe msthed inelydiag selegiing aslash émacoprdance with the
h ter; ij f t erni | ecti
Vol ue. based SieefRprObopE R oY RIS} BB 1 o ot y pe.

and the weighting of the allograph containing the respective prototype; 5
Fi) Sel egt respective one of the ﬁrot ot yges in accordance with the
‘et ermin e§4) Agé-p ?cf grropding, tsanyepg of the claims 21 to 23, the classification scheme being

modified in accordance with the method of any one of the claims 1 to 15.

25) A method according to any one of claims 21 to 24, the method including using a
15 processing system, the processing system including:
a) A store for storing:
i) Allograph data representing the aﬂographs and the associated weightings; and,
i) Prototype data representing the prototypes; and,
b) A processor, the processor being adapted to:
20 i) Obtain the hand-written character;
i1) Determine the selection values;
\ ii1} Select the prototype; and,
itv) Classify the character.

25 26) Apparatus for classifying hand-written characters using a user dependent classification
scheme, the apparatus including:
a) A store for storing:
i) Allograph data representing a number of allographs, each allo graph representing
a respective style of a respective letter, and a weighting associated with each
30 allograph, the weighting representing the user dependency of the allograph; and,
1i) Prototype data representing one or more prototypes, each prototype representing
a variation in the respective allograph; and,

b) A processor, the processor being adapted to:
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Iv) Classify the character in accordance with the sel ected protqéﬁgg. ﬁ%;
Appar atus according to claim?26, the store being adapted to stdr K
data representing 10 a nunber of clasges, ceach class representing a

respective letter and containing one 6f nore of the allographs. 28)
Apparatus according to claim26 or claim27, the processor being adapted to
perform the nethod of any one of the clains 21 to 25. NPWO02- SG

i) Obtaining at least one hand-written character;
i1) For at least some of the prototypes, determine a selection value based on the
similarity of the character and a respective prototype, and the weighting of the
allograph containing the respective prototype;
5 iii) Select a respective one of the prototypes in accordance with the determined
selection values; and,

1v) Classify the character in accordance with the selected prototype.
27) Apparatus according to claim 26, the store being adapted to store class data representing
10 a number of classes, each class representing a respective letter and containing one or

more of the allographs.

28) Apparatus according to claim 26 or claim 27, the processor being adapted to perform
the method of any one of the claims 21 to 25.
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