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recognition of single isolated characters, as for example
15 by Graffiti®, manufactured by Palm, Inc.

When it comes to on-line cursive word recognition
progress has been much slower. Most such methods of today
utilizes Neural Networks and statistical models based on
Hidden Markov Models. However, extending the task to

20 recognition of cursive words introduces a difficult layer

of complexity in the form of segmentation.

Summary
In view of the above, an objective of the invention
25 is to solve or at least reduce the problems discussed
above. In particular, an objective is to make the\
interpretation of a handwritten pattern representing one
or more symbols more effective.
The above objective is provided according to a first
30 aspect of the invention by a method for recognition of a
handwritten pattern comprising one or more curves, said

method comprising
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1 engLp L ances et vegn, L pepent £ Sue that 10 ore
seghenbgnwhiioh.i s advantegous in that the features may
be treat?Qr%ﬂeEbetﬁénﬁa%@Ming measures may comprise
segmental matching measures comparing segmental features
of the handwritten pattern to segmental features of the
20 templates, which means that the matching process may be
made more efficiently.

Further, the matching measures may comprise
connective matching measures comparing connective
features between segments in the handwritten pattern to

25 connective features of templates, which also means that
the matching process may be made more efficiently.

The method may comprise a step of compensating for
translation, angle and length differences between the
segments such that the segmental features are relative

30 within each possible segment, which is advantegous in
that the features may be treated in the same way
regardless of which template they are compared to.

The method may comprise a step of compensating for
translation, angle and length differences between the

35 segments such that the connective features are relative

between the adjacent segments, which is advantegous in



regardl ess of which tenplate they are conpared to. The
met hod may conprise a step of conpensating for

wao e@nsbd@s? on, angle and | ength di fferences betEESEINE000184
segnents such that the connective features are
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20 advantegous in that the operator is simple.

The method may comprise a step of detecting the
segmentation points as local extreme points which are
below a predetermined threshold, which is advantegous in
that a segmentation frame is created in a simple way.

25 The method may comprise a step of parameterizing
each segment by the Dijkstra Curve Maximization strategy
with three intermittent points, which is advantegous in
that the resulting curve length is maximized.

The step of comparing may utilize point-to-curve

30 matching, which is advantegous in that the method allows
unevenly spaced points.

The method may comprise a step of associating an
output weight to normalized segmental and connective
features, which is advantegous in that that the features

35 may be balanced in a efficient way.

The above objective is provided according to a

second aspect of the invention by a module for



that the resulting curve length is maximzed. The step

of conparing may utilize point-to-curve nmatching,
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unevenly spaced points. The nethod nmay conprise a step

of associ ating an out put weight 40 normalized
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%Sﬂflﬁﬁ ed to determ ne segnental matching
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templates.
The advantages of the first aspect of the invention
are also applicabe for this second aspect of the

20 invention.

The determinator may be configured to determine
segmental matching measures.

The determinator may be configured to determine
connective matching measures.

25 The module may comprise a compensator configured to
compensate for translation, angle and length differences
between the segments such that the segmental features are
relative within each possible segment.

The module may comprise a compensator configured to

30 compensate for translation, angle and length differences
between the segments such that the connective features
are relative between the adjacent segments.

The determinator may be configured to determine a
segmental distance between two segments or a distance

35 component between two pairs of attached segments.



The determ nator may be configured to determ ne
connective matchi ng neasures. The nodul e may conpri se
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noduP ESWaYe cBpEisRd an associ ator configured to

The module may comprise an associator configured to
20 associate an output weight to every normalized segmental
and connective feature.

The above objective is provided according to a third
aspect of the invention by an apparatus comprising
a pen movement capturing device configured to receive

25 data representing a handwritten pattern,

a module according to claim 16 configured to receive
said data from said pen movement capturing device and to
output matching templates,

a symbol matcher configured to match said templates

30 into symbols, and

a display configured to present said symbols.

The advantages of the first aspect of the invention
are also applicabe for this third aspect of the

invention.

35 The pen movement capturing device may be a touch
sensitive surface.



associ ate an out put weight to every normalized
segnental and connective feature. The above objective
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component, means, step, etcl]” are to be interpreted
openly as referring to at least one instance of said

element, device, component, means, step, etc., unless

20 expicitly stated otherwise. The steps of any method

disclosed herein do not have to be performed in the exact
order disclosed, unless explicitly stated.
As used herein, a symbol is any form that has a

specific meaning, such as a character (e.g. Latin,

25 Chinese or other kind), a ligature between, before or

after characters, a number, a punctuation mark, or a

diacritic mark.

Brief description of the drawings

30 The above, as well as additional objects, features

and advantages of the present invention, will be better
understood through the following illustrative and non-
limiting detailed description of preferred embodiments of

the present invention, with reference to the appended

35 drawings, where the same reference numerals will be used

for similar elements, wherein:



herein. Al refernces to "a/an/the [el enment, device,
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according to the present invention.

20 Detailed description of preferred embodiments

Fig 1 illustrates the general principle of the
present invention, which is known from J. Sternby. An
Additive On-Line Single Character Recognition method. In
Tenth International Workshop on Frontiers in Handwriting

25 Recognition, La Baule, France, 2006, and hereby
incorporated by reference. A method 100 for recognition
of a handwritten pattern 124 comprises several steps,
each step represented by a box in the figure. At step
120, sample data 122 representing a handwritten pattern

30 124 is received. The handwritten pattern 124 is segmented
into several segments 126 at step 140, and at step 160
the segments 126 are compared and matched to templates
128.

The sample data 122 may be any type of digital data

35 representing a handwritten pattern 124 comprising one or

more curves 130. The handwritten pattern 124 may form one



Fig 4d generally illustrates the handwitten pattern
illustrated in fig 4b divided into segnents. Fig 5

wa@elenescal |y illustrates a nodul e accordi ng POI/SE2807/000184
present invention. Fig 6 schematically illustrates an
apparatus according to the presgnt invention. Detail ed
description of preferred enbodinents Fig 1 illustrates
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Consi&es i ng dhe reeel ved sapls data lJSZ?e@seécmwt So far,
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o SET " SIS PL S B A ) ) O Sy g,
i s paopnetetizine step 148 may then be performed by
executing the Djikstra Curve Maximisation strategy with
20 three intermittent points, so that the segmentation
points 132 are detected and placed on the curve 130 in
such a way that the resulting curve length is maximized.
‘Fig 3 illustrates the comparing and matching step
160. Here, an extracting step 162 is performed, during
25 which step segmental features 161 are extracted. In this
step 162, a direction a(s) is calculated for each segment
126. In this step 162, each subsequent pair of connected
segments 126 also generates a length ratio A and a
connection angle ¢. For non-connected subsequent segments
30 126, the length ratio A is calculated as well as a
vertical position x and a segment gap 5. In another step
164 within the comparing and matching step 160, the
extracted features 161 are normalized, resulting in a
normalized direction a(s), a normalized length ratio A, a
35 normalized connection angle ¢, a normalized vertical

position k and a normalized segment gap 6. With reference
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lodefén&dtgg éormailzed sggmen% &%p 8’is dé%fﬁ%d as

i j+1)
j h -—b ax .,
) 2hj j i l J(+1)

6(sj,sj+1

h,—b,
s@w@hﬂﬂn>——ji——i—3ebe

Again referring to fig 3, in a further step 166 a

segmental curve distance function dpay is constructed in

15 order to deal with the specific issues of discriminating
between handwritten curves. Since translation, angle and
length differences between the segments 126 have been
removed due to the normalizing step 164, the segmental
curve distance function dpey 1s measuring the distance

20 between two curve segments aligned, so that the two
segments 126 share start and end points. The segmental
curve distance function dpey is a dynamic time warping
influenced distance function made to discriminate well
between curves 130 parameterized according to step 148.

25 The points 132 placed during the step 148 are spaced
unevenly on the curve, due to the fact that the method



the normalized connection angle f is defined as

F(sj,sJ+1 )= arg( 0+1))- arg ( O+l)y ) nod 2pi , the
w@2004/16m80 t he normal i zed segnent gap d i s def i PeOdSER087/000184

Again referringt o fig 3, in a further step 166 a

segnental curve di stance functiion dDCM i s constructed

in order to deal with the specific issues of

di Sedufiafatdhg Perieldrd Haedvitianced rdipimeas 1 og) gl not on

tr 3shatdiany Angldandd enalde differances,batneenddhen, the
segnents 126 have been renoved due to, ,the normalizing

st SR tah CWeGheh ARG VeI St %h Goor dhckqveh RISEGto-

[ IS dmasl matgHihey dilhrstaaim'&jkwi Vieze rt damh teiloregl Segifito-point
aligned,. so that .the tw se nts.126 share .star n
5en3‘%poq - uerts}'éegrr‘ﬁ‘e\on X acsg E\?léa §1|us’%°aenrc e LPnlcatG?eo% pgjd%ﬁs are
is mavdwmpa:re_td MEo weirgod Iyl ansfll werwleahafits teaeandigcitdagnions,
made, 4 Qu5di dicmgnatvgela@u Jetpesn Lf%%vrlﬁsarl@%s not _a stable

paraneterized according to step 1 e points 132
pl &&aFWifi ng the step 148 are spaced unevenly on the

curve, aug thélaénir[]@nﬁﬂptcfdm o;if&an‘mdehczﬁm&ﬁs d%.@,\a.can be
retaini ng, t he shape information and not on providing a
wsmfgeigr}-rﬁéjraﬁ't%terization. For this reason, the

segpent gl Hpur m_iic%(itpanc fynction d DCM al | ows
poi nQCM{(%’c%fveIXﬁ - ﬁ’@)’?ﬁ(’) ddition to traditional
poi nt-to;)ljijooi nt matchi ng. Furthernore, as the nunber of

pl dBEE Do RS o LIRRF T dpfared 19 FHadidort ©F @
ar ol enghf posanpietdzal ions dheldigesdionainyvecdorof the
g L Vo T oL SURCH o DN G b & He ned
15a scavmerantts afolr Qalbnot g idhalidferenti staptesyofh a
handyr i gien pagfers, &£ i§,@ny ald anpd; £ upcdd oMb O function
the normali zed connectl on angles f and nornalization _
between two points p and q. This basic distance function
g includes a weight function f in order to improve the
fact that the matching of handwritten patterns suffers
20 from over-fitting of the templates to the samples. This
welght function f also considers the situation when the
points differ. The weight function f can be defined as
fx)=02x ~1Llx+1, xe[0]]
and can be applied according to the minimal Euclidian
25 distance of the point pair (x, y) to their common
baseline defined by the start and end points. By defining
the baseline as
by =p +0t, D=p,-p
and having defined

30 1@d=zwgnﬁnuq&”cﬂﬁnu), where d; is the orthogonal distance

between the point v and the line b, the basic distance
function then equals

gDCM(x= y) = f(min(vx,y, Py~ pln)) (“x - y”2 + ko0, - gynz)'




constants for bal ancing the angle distance wth
coordi nate distance, and g is a basic distance
wo eovetidosy bet ween two points p and q . This baBCT/SE2007/000184
di stance function g includes a weight function f in
order to inprove the fact that 1tthe mat chi ng of
handwitten patterns suffers fromover-fitting of (the
{ﬂjgjll and

t enplaat@nRle e eaipltdan Pafivesieitgint SamRison’ =
con i_dfr » the Sitrll.lati on Ighen ]Ehe%é)oisn.ts differ. The
wei Gt WihnctTh FIPAPD BOURHAE a1 (x) = 0. 2x2

-l.Ix + 1, xe[qg,|] and can b e applied according to
the m.ni mal Eucljdian distance of the point pair (x, y
) to t¥ei't/ Eommt/h Yhseline defined b y the start and
end poi nt .Z.I;ynd%él{wi ng the baseline as and havi ng

def i ned x =ardg mind (b, u) where d is the
orthogonal disfange betyeen the i,rjt—a and the line b
, the basic di® ée ’El,ﬁclqif))h“% cy(geguql)s gocu(c y ) -
1)) y - yf + - gy fjThe conpl et fgorithm between
two sanpleadg = \p \" and 2 = {#,}"_, can then be
formul ate as; fﬁ& i, J :=1,..., ndoif i <n then
end if if‘jJ<nnt I {i-, .) end if end for Now
referring to fiig 3 , the step 16fi(islpgrforned in
order to deteldl(ﬁ;véiagl(i?,négrfﬁmtl ﬂ?_e_lf ction dFDE of
features 161. The linear distanc untt¥on dFDE is
utilized iefider der to treat segnments in an additive way

fd(j - laj)'*‘ g(pia q}')
dli -1, -1),)+ glpig,)
d(i, j) = min{d(i, j - 1)+ glp,.q,)
(G -1),, 7 -1)+elpsq,)
ﬂG—Lj—ﬂ+2g@n%)

end for

dpeu (P > Q) = d(n, ’%n

Now referring to fig 3, the step 168 is performed in

order to determine a linear distance function dgpz of

5 features 161. The linear distance function dgmg is
utilized in order to treat segments in an additive way
and thereby bringing out the additive property of the
character recognition method 100. The features 161 are
divided into a segmental and a connective feature

10 component ds and d., respectively. The segmental component
ds; compares two segments 126, and the connective
component d. compares the connection between two pairs of
segments 126. The segmental distance component between

two segments (s:, S2) has been defined as
15 ds(svsz) = a)Ala(sl) - a(sz)' + @pd peyy (A12(S1)> A21(s2))»



and thereby bringing out the additive property of the

character recognition nethod 100. The features 161 are
walroordetsd nto a segnental and a connective fealPdr/8E2007/000184

conponent ds and dc r respectively. The segnental

conmponent ds conpares two segnepps 126, and the

connecti ve conponent dc conpares the connection

bet whemet whepaifr shof opegaenks 142,,6 A,; The Segneddrtity

beoRCabFTREdoae ahe ShyEE Rt TaERe 1 dnpchhesnbaboreRd ond
[ sxppiAt{gf2Fhenasrélonesepmehe bpetheo&sngaz s@éghmens.
[ Liorh! LLgeRgta SnpOehEC RNy O LD AT

the start and g0|n
ﬁon§§Fa§E§ﬁeﬁﬁgmﬂp st roe Sohpofrent StA Bet waev Igly defined
pai gg of attached segnents (su, 12 ) ( 2i S22) is

AR AR O PN AL IS X T L B

nor mal i zedrtRBYS harais@ahce tbgpHREARl dﬁ%r\/Q{dﬂ—Q%nnected
posi tion and the,normalize nment

a
PO b uRgsrs 8 081 P0G B bR o e S E L B8 el Deratio A,
1monphaenbrmalﬁaedaveohmeaﬂlpnsbéﬁmeeﬂ tmo skgnratsataped
theg pﬁeg fi.ned sas;gment s are connected The total
add g ﬁg?unctlon dEDE bet Ies
ngégn%n)t TR ‘S@Char $hae S(&lers ‘(‘é"V}NO( t/hehk Sbleszzx +
stagggﬂﬁu,ép e di stance function dFDE IS

deper M th ”mé? hts w, wwL w and wG which are
in this 8hbodiseatcsetohneat prededveponaed dalficer alhe

b?'?BBh@Qt?Ent88§§e&ﬁ'QQBSSQ8%e9€stQS gﬂgntgetggflned as

differenti
X if segments are connected
15 dq(y)=
dNQ) else
The total additive distance function dmr between two
samples with segmentations S(X)= { Eifﬂ nd S(¥)= { yﬂ?
such that S( )~ S(¥) can then be stated as
|sCx)-1
FDE(X Y Zd (x H 1) Zd (( IX’ 1+1 (Sz ’Sl-l-l))
20 The additive distance function dmz is dependent on

the weights wa, ®p, ®1, 0y and og, which are in this
embodiment set to a predetermined value. The balancing of
these weights may be done due to the differentiating of
the distance function dmpr into separate features 161. In
25 one embodiment, this can be done by viewing the weights
as a hyperplane and determining this hyperplane by a
support vector machine. An initial value for all weights
can be obtained by producing one positive element and one
negative set of distance components for each sample 122.
30 The positive element can be obtained as the set of
distance components between a sample and the cluster
center which the sample belonged to and correspondingly

the negative element can be obtained as the distance



t he di stance function dFDE into separate features 161.
I n one enbodi nent, this can be done by view ng the

wowrioghtesas a hyper pl ane and determ ni ng thi s PCT/SE2007/000184

hyper pl ane by a support vector machine. A n initia

value for all weights can be objained b y producing

one positive elenent and one negative set of distance
conp@m@whsntsrbeawbeaampbesaa@leTbadpashbﬁgﬁbeheﬁﬁqtclass.
can ai s i,stance onent.s
betmegﬁggkga@%% ail% e%%Fgé gr%ce % F%ﬁh Shggﬁé can be
sanﬁbéab@ﬁ@ngédtb@ aﬁﬁeﬁﬁﬂa@§p@bdangb¢ theonghati kénearsvc,
el ewpnicroan %ef%Q%%hBthﬁéttE%n§%§h€@%e%05998§9t§VM

en the sanpl e and a nei ghbouring class. Further,
he ﬁF?ﬂgﬂeést@ﬁaﬁmBﬁeﬁﬁnFﬁ W8i ght §S8anVBePaBkapRedsuch as

as the bﬁ@eBNMaUQa@bhahé@thh&@bgmoélbbﬂeahéyc 3W00§hby Ma
is a,fu on t hat constr ear SVM cl,

rs Bobanehtaad i AhRBan. SIRtpacRagercEaCH S5 EnEceaats, 1t
SVNH@ assisflbér mbthaﬁlmeobbomn@mey zBoﬁOfubytmhnettalfurther
_ ) : i 010

oo bt geRe, anoERNahnL 00k BOCHLER, SRLORS AR beRed o
1Qi f FBrekecagaiitaopee8§RLER ON bet ween top candi dates in

t he recoﬂ”bbbﬁ@nQUQQGtoansﬁgﬂﬁwkl%geﬁn %a@tern 124 may
handwittern ttern 124 may correspond to a sequence

of ﬁ8§§?ﬁP8n§e ﬁeﬁtﬁ?ﬂBﬁn68|ﬁFspfgélPQEnﬁﬁgFFP§ﬁtlon points
segirBat droon apdilmbtt eegmeacandoaegsrAtatbon Qﬁbﬁhd The

h C rlse on nor e segnent
botneanehfh BRY obTHE, FRNR pEoudhr ohogr PoR DHPR. SomBrise one
1%{rQﬁg@@rﬁnSbéﬁﬂe@ﬁnthebﬁtwsenaadjseenhdiségnmadaaten
0'@E%meﬁ@ﬁt&%habbYﬁtEeQEHéﬁéer1ﬁ ﬁ@g?EQg 178 g§¥speand

determ ned by conparing featdres acent
subs§€§ﬁ§nﬁ§gm?ﬁF§tFﬁﬁlP@énFﬁatTﬁehéﬁéﬁFFV€eﬁeﬁéﬂféﬁnOf a

124sé@méﬁ$em26n@a§eb@rabt§Yﬂbﬁba BRY cbRplvi k| Yeatures 161

reco n| ed. B bng the gOSSIb|e segnent ati on points
bot Jjacen egm
20 This implies that a handwritten pattern 124

representing several symbols may be quickly recognized.
By using the possible segmentation points both for
segmentation and for determining features 161 to be used
in recognition of the handwritten pattern 124, the
25 calculations will similtaneously separate the handwritten
pattern 124 and match the pattern 124 with templates 128.
Thereby, the process of comparing of the handwritten
pattern is very quick.

After all segmentation points have been analyzed,
30 cumulative matching measures may be assigned to the last
segmentation point and may be associlated with sequences
of templates 128 that have been matched with the
handwritten pattern 124. Thus, the information assigned
to the last segmentation point could be used for
35 obtaining possible recognition results of the handwritten
pattern 124.



segnentation and for determning features 161 to be
used in recognition of the handwitten pattern 124,

wao b@7gel28ul ati ons will simltaneously separat ePCTIBE2007/000184
handwitten pattern 124 and match the pattern 124 with
tenpl ates 128. Thereby, the pragess of conparing of
the handwitten pattern is very quick. After all
segnent & imdpsi R HaaodsEay divaltedremanfl diiveation is

matichi g MBasUr &5 By He AssSigned d wdhend aaStsoftware

segnentati on point and nmay be associ ated w

seqidtcEEeIeY dinflites aﬁ%@&%ﬁr%mwm ARG (9 @
th&:chﬁﬁdwﬂidrertkwﬁécefn shth ahusy, Adwec i nformation

' dt
soiging, (e dhe L ast, Seaml sl o oLt SLY e vsed 224
handviréh tcmmgmaiﬂseﬁ' i@ 40A mmmlcslm acz orefteigred hhe
pr er?‘%cl:glx} 0 O&Ihﬁrji,éédj%l ﬂ}Fb frﬁ&itgt o, ragdul e
nodul e ar

software 1'nmpl enente war e

i rrprr@@rﬁee@ sl @ drta Jesan?dierf%&a%ﬁrﬁlf hefaptfe iRt &3 2

N ASlfenSambe Slot 232 Qs esent ) Nehardrandyedridethtion
pattern 224 whi C (g n(? IZ?%S one nore curves 1S
10r e R VEE 1554 3 ER e79ETCE ‘%%e%”W"?hl n the nodul e
200. ;I'he\Iéﬁtc,EIa/aﬂh\Sﬂmnt @EtatcaLVJﬁetdWetrleafHaatdwrltten pattern
transferred to a nentatio t
wner i SEUNERE S TER B0t ot o B bt e BE Al finey, satd
cur vegmNeixs | 2%16da6743@be<ﬂ112<50t<d|a/|@@Eemﬁéﬁ%mdﬁwicﬂtwmallzer

palég%rhéntgesggngﬁ sgg@a@ﬂg @yﬂ@,gﬁ }L 28521204 a processor.

nornal i zes said Seg accor ng to a scheng

152655283 WW%??%e%SZMd%%n%%“%fogn\} Loi 1 spPRle ype? IS O

pr eé@r@@hyam@é@cwseﬁe Saieh BLhene2 865 i s i ndependent
of which_sa Ie 222 is to, be nor%ﬁz]lzedb t he dt
nor mal i Z&¢F F%r?%%?rmjan%%?%r gigrea o

conflé geretng ospled:n‘ef it nea spletn§ | teant ths Ngo reas ol etor
266Sefg§tI8& at least one sequence of templates 228

20 representing a recognintion candidate of the handwritten
pattern 224.

Finally, the selected sequence of templates 228 can
be output from the module 200 by means of a transmitter
280.

25 The receiver 220 may be any known apparatus suitable
for receiving data represented by any form, for example a
voltage, a current, an optical signal, a magnetic signal
or the like.

The transmitter 280 may be any known apparatus

30 suitable for transmitting data represented by any form,
for example a voltage, a current, an optical signal, a
magnetic signal or the like.

An apparatus 300 according to the present invention
is illustrated in fig 6. The apparatus may be a commu-

35 nication terminal, such as a PDA (“Personal Digital Assi-
stant”), a mobile phone or any other data handling

device.



sel ecting at | east one sequence of tenplates 228
representing a recognintion candi date of the

whawdaei2se en pattern 224. Finally, the sel ect eBICT/SE2007/000184
sequence of tenplates 228 can be output fromthe
nodul e 200 by neans of a transmstter 280. The receiver
220 may be any known apparatus suitable for receiving
dat a r efhesampedaipsadf & @ay FEP LRSS P VisteRgat a
furk&aegﬂurlt Qiétvlcﬁ ﬁ(g,ggsluclrﬁ d@%@dlﬁ:l’ﬁ'éﬁ?@él@ve{ hfirface,
i ke he tran er ma an n ar at us
Sl T g A i e LF D ehting 3
fOfHﬁndMltﬁ’)@ﬁﬂ@iaﬁ:t&EMDliZE@.e Thee Glampdrt dearm A#d eedceived via

a et| SI or t k ratu

30 r}bccpoerrblnh 1 cth %’r esent® |Cbnesfeln S gsnwlAg: %Fﬁoﬁes?cr aatshesdf erred
in o gle mom@p?(ié},atéus arscided cdmue cat i on
term nalpy %ﬁ rﬂzep%n( SRarsongls I%hg_'ctlrﬁllax‘%sSdL%tput from

stant™) phone or a ot her dat a hand I'n
devilie moméleaﬁp%} aﬁaJS ¢ W%ﬂ?ﬁﬁq her
capis i nghiday, cie JHdsoSust s valﬁmtecrsﬁm tsy@ database

sur C conf i gur ed. for ecel vi.n dat

oPuriage.. confl Padres i dh, ST e & i
dat:aeﬁe’&?errcm:ehanqﬁla/tmas tihe pesymimlersit. capt uri ng
devi ce 0 roe ul
descri be arbov x;?ﬁ'ﬁ] %Cgr%negegﬁggy asr'tgécg 31%}362\%% C fondlng
outgrbdy gray Hee nddwe OO0tk R tqfarﬁsf@rﬁ’r@eﬁﬁf -

Synppltﬁ@tmrmég&meﬂ@'&ibtlhﬁ@gs%ﬂ% oI oM £ éinbodled as a
synbol set” dat abase 352, can be configured to matc

15nuntRichi SRR Igut Ve et ereifcer tetpl RES (P08 Syl S%%liace nay
Whesle heothistiohd  unid: hta’xesycmi)@gbléa}et?ﬁ(l hef cidie esgoanch hgs

symbol rﬁat}/ t%eers,hqc%e tsoyrrt&% S5 arﬂz% 'tslpir@fé?rglped to an
application 395, such as a messaging software
application.

20 The invention has mainly been described above with
reference to a few embodiments. However, as 1s readily
appreciated by a person skilled in the art, other
embodiments than the ones disclosed above are equally
possible within the scope of the invention, as defined by

25 the appended patent claims.



If the pen novenent capturing device 310 is enbodi ed

as a touch sensitive surface, the touch sensitive
waen7aeresiay be conbined with the display 390 PET/SE2907/000184

apparatus. Further, the synbol set may be transferred

to an application 395, such asi@& nessagi ng software

application. The invention has nmainly been described

above with reference to a feWwléd¥&di ments. However, as

is readily appreciated by a person skilled in the art,

ot her enbodi nents fhan the ones di sclosed above are

equal | y JpodsiMtan tiath 195 EedHEe P Fe aﬁﬂﬁﬁ%ﬁ%ﬁnzﬂ§ttern
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t enpih &t ©bn tichevd@ipd hien g egoment Sseas e t 0 be conpar ed,
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Theg et hods accord NG t@okh&-& 1 angherein said
mat cht ng neasures conprise segnental nmatchi gﬁﬁ?asure

15conpari riEsgienit HaEthies e HeE hafthuid

ing a€ least
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25

30

35

candidate of the handwritten pattern.

2. The method according to claim 1, wherein said
matching measures comprise segmental matching measures
comparing segmental features of the handwritten pattern

to segmental features of the templates.

3. The method according to any of the claims 1 or 2,
wherein said matching measures comprise connective match-
ing measures comparing connective features between seg-
ments in the handwritten pattern to connective features

of templates.

4. The method according to claim 2, further compri-
sing a step of compensating for translation, angle and
length differences between the segments such that the
segmental features are relative within each possible

segment.

5. The method according to claim 3, further

comprising a step of compensating for translation, angle



3 . The nethod according to any of the clains 1 or 2 ,

wherein said matchi ng nmeasures conpri se connective
woreaochoi289 neasures conpari ng connective feat UPEBESE2007/000184

bet ween seg nents in the handwitten pattern to

connective features of tenplates. 4 . The nethod

according to claim2 , further conpri sing a step of

corgpehslarigith faif faransies ket vearytdeampdmangtsh such that the

di ff&f Sy hetesn e semEnds wiglb dhatn the adjacent

segnental features are relative within each possible
sedifents. . The nethod according to claim3 -
further conprising a step of conpensating for

transl ation, angleand |ength differences pe the. _ .
Ssegment sé'sﬁhet ttem% &SR Ve fcgﬁjﬁ[} 4 téﬂ\ﬁ%%l% Said

r el ssdgnven heel Weeant tdes adjrgoeie segrmgmient Bl diffennas hrtween
accor di 0 aim2 , wherein said segnental features
coﬁtpv?ol syeg%ﬁ%%%%bnt al distance between two segnents. 7

The nmet hod according to claim2 , wherein said
segnent &)  fRal Urosh SOId S fli&d aNGe £ Panaitein said
between two_pairs of attached segnents. 8 . The msttrbodC
10accerdreitib EPAF M SR ETT %aﬁ?ﬁs?dh%@ec??%onen stween
f eag s 65a LOHPS F St Bachsd anwgmarnngponent f or
non- connected segnents. 9 . The nethod according to

claim3 , wherein said connective features conprise a
di st ances cohiponeathddraccoohinestiorcbetmedn hgrein said

SCUIBM Sor s 90 2de, FBL NOMae ol dh N9 4 0a ki dBmbbnerft . fox

erein sard step of determ ni ng natching
15mearerecomn¢Fieessagmepetator in order to determ ne
the connection of tenplates that are to be used as a
nodel for conpar i son W th }Qe connections bexle%"@fé‘in said

SegnEntsg' T method according to claim™3,
connective features comprise a distance component for a
connection between two segments.
20
10. The method according to claims 6, 7, 8 or 9
wherein said step of determining matching measures
utilizes an operator in order to determine the connection
of templates that are to be used as a model for

25 comparison with the connections between segments.

11. The method according to claim 6, 9 and 10,
wherein said operator is a linear function of the
segmental distance between two segments and the distance

30 component for a connection between two segments.

12. The method according to any of the preceding
claims, further comprising a step of detecting the
segmentation points as local extreme points which are

35 below a predetermined threshold.



11. The method according to claim6 , 9 and 10,

wherein said operator is a linear function of the
wGeegmeosd di stance between two segnents and tPEI/SE2007/000184

di stance conmponent for a connection between two

segnents. 12 . The method acconging to any of the

preceding claims, further conprising a step of

det ecti Agp @%é@ﬁm%tﬁm%w §Oa§]iadé‘t1|12extﬁ”éi‘r'éler
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poi nts. 14. The nethod according to any of the
precedi ng cl ains, wherein said step of conparing

utilizesl4poiTite tresivack gratdimg th amhe gttt preceding
accorging tvﬂaﬁ‘éﬁr?f?ém DI &e ek nghrGh Al 178y tftyfff‘fé's p01nt -to-

conprising a siep o

associ ating an out put wei ght

nor¢H VS dep s@yiht al  and connective features. 16. A
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comprising

a receiver configured to receive sample data
representing the handwritten pattern,

a segmentation point detector configured to detect
segmentation points on each curve,

a divider configured to divide the handwritten
pattern into segments,

a normalizer configured to normalize said segments
according to a scheme which is independent of the
templates to which the segments are to be compared,

a determinator configured to determine matching
measures for selecting at least one sequence of templates
representing a recognition candidate of the handwritten
pattern, and

a transmitter configured to output said matching

templates.

17. The module according to claim 16, wherein said
determinator is configured to determine segmental

matching measures.



measures for selecting at | east one sequence of

tenpl ates representing a recognition candi date of the
whawdwei2se en pattern, and a transmitter confi geeESE2007/000184

out put said matching tenplates . 17. The nodul e

according to claim 16, wherein g$3id determ nator is

configured to determ ne segnental natching
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21. The module according to claim 17, wherein said
determinator is configured to determine a segmental

distance between two segments.

20
22. The module according to claim 17, wherein said
determinator is configured to determine a distance
component between two pairs of attached segments.
25 23. The module according to claim 18, wherein said

determinator is configured to determine a distance

component for non-connected segments.

24. The module according to claim 18, wherein said
30 determinator is configured to determine a distance

component for a connection between two segments.

25. The module according to claims 21, 22, 23 or 24
wherein said determinator utilizes an operator in order
35 to determine the connection of templates that are to be
used as a model for comparison with the connections

between segments.



conponent for a connection between two 'segnents . 25.

The nodul e according to clains 21, 22, 23 or 24
wob@rainssai d determ nator utilizes an oper at oPCT/BE2007/000184

order to determ ne the connection of tenplates that

are to be used as a nodel for egnparison with the

connecti ons between segnents.26. The nodul e accordi ng

to claim21l, 24 and 25, wherein said operator is a
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any of the clainms 16 to 29, further conprising an
associ at nfigured to _assaciate t put i ght. t .
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e
handwitten pattérn, a ngbu e according to claim 16
15 confiitdurdr a® imdEemid teaitd Redtd- S+ om sai d pen novenent

capturing device and to output matching tenplates, a
synbol %.Ctﬁ{e ?n%rgdl%ura%%c}r%irrr%t chg) Sé%lyd otfery%leatc %ims 16 to
28, wherein said determinator is configured to utilize

point-to-curve matching.

20
30. The module according to any of the claims 16 to
29, further comprising an associator configured to
associate an output weight to every normalized segmental
and connective feature.
25

31. An apparatus comprising
a pen movement capturing device configured to
receive data representing a handwritten pattern,
a module according to claim 16 configured to receive
30 said data from said pen movement capturing device and to
output matching templates,
a symbol matcher configured to match said templates
into symbols, and
a display configured to present said symbols.
35



into synbols, and a display configured to present said
synbol s. 32. The apparatus according to claim 31,

wob@rainssai d pen novenment capturing devi ce i SPEI/SER001T1000184

10

15

sensitive surface . 33. The apparatus according to any
of claim31 or 32, further conpnising a synbol set

dat abase conprising a nunber of reference tenplate .
conbi nat3Zondlheen dppRgiant Uss sesioadddi s yreb sl le im 34, Aherein

COMUHL LI QAR aNGRA i PRISAIID tihe IBidieth sensitive
according to any of the clainms 1-15 when downl oaded
i Nt ERFSUn on a conput ati onal devi ce.

33. The apparatus according to any of claim 31 or
32, further comprising

a symbol set database comprising a number of
reference template combinations and their associated

symbols.

34. A computer program arranged to perform the
method according to any of the claims 1-15 when

downloaded into and run on a computational device.



