e3ev&v" " #D$N: YRELE&T& B2 ~ F E B 2003 Technical Field CHARACTER

RECOGNI TI ON  The present invention relates to a method for char aQtErFEB 2003
recognition according to the preanble to claim1. "Character” is in this
conmpound neutral regarding nunber, i.e. separate characters, such as

letters , as well as conpositions of several characters, such
as V\prdsmlm Mmmmmm“lmeferred to. Both generally used characters and
o3

i magi nary characfers are, of course, included. Background Art There are a
olaral ity of SBRGun met hods for cEHAARACEER: REGGRNITIRN eopec « e
‘recognition of handwitten characters, which requires especi al
interpretation of the character. Several of the known nethods are+kased on
the detection of each stroke of the pen when a handwitten character is
bei ng forned. EeeRRiERE Ehar@cteristics, such as directions, inclinations
and angl es of ®ach sIroke or part of a stroke, are determ ned _and conpared
to correspondi ng daT%efBFeﬁ%’?e’cf}VW cretalke®rse FrBethpeet EATcRBRACE er
i s supposed toabeetheesbgnetichatecsd edindiose teONBreéawblBatackerlifmt 1¢s best
correspond to ;,@g ?eogety,i c charalit eristics (gf thg vv]{itten haracter. The
geonetric char acPBFRSHPEs AF e'P et At 2 S TP AR 2 ERBF Y n’é‘?ga§§§f18nf’ FEh
covers the useil.eati sepgrate f dozera@uets kKnsweh nes hbelstare andchomedailn, for
i nstance, US-5,48 5.an - ,IJ:J_ICQ , e | me S_.LS that
they are SEHSi??V%e?% ?gtg(tnlhig%.él or %)ﬁfm%?éggioﬁ%é%ﬁ%’gsdi gggﬁaﬁlﬁy over
the witing suvpade, ake hereotefeiref ffo cuBotlesgemeraltycubgddeharatcni ng
what char act er go2g Cahgl Baylhdi Plondfa &Y. 459, dbpclomesen TRLIGHLOT
preprocessing the characters by normalising them The witten character is
sanpl ed, and each sanple is represented as a pair of 2 ~ FE B 2003 2 _
coordi nates. |pgstrgdo@hdsptely conparing the characters in the coordinate
pl ane, the transtorpation 1s determ.ned which best aﬁ{u%%s the witten

3 g

character to a nodefPeFar3ks & PAHAE 13 KU (g 5o cRffarhefypes
of deformati onsecadnthidhe adboyetaint i fmnedreabddrobisi crannbdt hhaddtettane t hus
taken into acc tr r I [ S . no i Lit
character. In %‘g% ?%g gsr;’, ?ﬂ%&gh%dc%é ieséi?%?ln% |%e(‘§fg%]§/ %@F%gsf%\%‘héﬁgﬁed
so that its cepfrihepeharackern Jeierm] gih Wie dowown rmeglekodahere hgsedt he

central point gf ¢he aPEEbt LARIGEIEICH Sauad oaftes Mbi Cinéfieachanact er is

scaled and rotated in such a manner, that it corresponds o the nodel ,
character in tWelBESE GRRAGIBIRF vy Lo SRimed afetdret it S FReRBAtPELFRat
tpe ngr Imal Lsattbflsr eﬂuud:meass Qﬂjrkmnﬁt:ir@sqgvmfécmchﬁi@s ia\tAhhcaira/n@]Caiéle bﬁeeabloi ce
of nodel character as to ta ce et er mi ni ng, t el character
Che wri tton CHAFERERroT dithiblth 4 HEARIG. ‘Sfordrr TR 0T CHOBRRFRAN v
can handl e rptmimréspm@o‘msﬁﬁi& rfUS-5; B8] 4 2owm ¢id sakipewn. nBhéiod,
curve recogni ty o &n daserd hed: bys MRARDH Ad & d Bd %ﬁ&aétcsr_se@a@ﬁg'réégé% o of

tangents". A curve, for instance, a portion of aracter 1s mappe y

sel ecting a sefiRHRcINITY IS FrRTHGHRLEE st ity Revt GRsaeshprd et@ heheangent s
in the two poidgésmef r BACIh DA dt d it iSRC o Alt He GRF itidh aktH Lacdbe. rapéo

bet ween the distances. frgmthe intersection i r}:} io t he respecti%e oi nts
of the pair i SEACHLE i AF SRIRET IS AT S A YT BT G ofY THECERTRALE Thi s
met hod is in psysioenp) ewhioth sensns whe @dadangtiatimon,swacd dag sunch rohath on.

However, it | 11 L @ E},j cts.. Abave 1. it does t | o
certain curvesné %H@e&sseidanf%hl c C{TO’ger%g%e{lr’e fot Jt%t%é“oqedt sU%hds%élfb%%&lén?r\é\a
i ntersect at tUE et Mifed Zargloblent iins scormorettitads dits |Best poeyians of a
character COMdse SHED { NAHGIHTIRALIER € Pest ffe i SEl&Ct &fhgo-
intersection angJI- e. This reduces the rel ilé;x\b/aﬁrf%% gf the me%ho%.g _ 90

nally over the writing surface, the method has difficul-

ties in correctly determining what characters are being

written.

UsS-5,537,489 discloses a method for preprocessing
the characters by normalising them. The written character

is sampled, and each sample is represented as a pair of



2 ~r FEB 2003 3 Sunmary of the Invention An object of the inventi [
provide a nethod for character recognition, which does not have tgerit FE‘BJZU[B
abovenenti oned di sadvant ages, and which to a | arger extent accepts

i ndi vi dual styles of handwitten characters and unusual fonts of

typewitten characters, and is easy to inplenment with limted conmputing
power. The obj ecpoirsiiagtiesved nsfeadrstthozb hetyr dompatng hehe nokataorens

defined in clai qglthécwo@matt% %Aeg,vemi?oeraﬁ?fommsge@'&é&ﬁ}{{ﬁ)@d "
8 yt e

means, as definéd i'nthe claim ever ing froma portion of a separa
‘character, the pbichobesdi agliusds iths afcettan aheraeter pue td anodet okleazmd

the character bgi-pg,a Iﬁf&i&re_cftrlﬁ RUNES 3k ot £01 60 "RO4 NEle 104 HiS %?Qéhé‘f de-

conpl ex characters. In a simlarf way, the term"union of characters” neans

everyt hi ng fromfQraasicase WhdChctde @bewpaentioned greltheds stannelk deans s,

The extension ofyikhe srentdnered kNS W d | a B8otNE dePlie ff LN L ASrhot { S NY
description of enbodi nents. Br,ief Igescrlpt i on of the Drawi ngs The invention

and further adv3f€sg&s OR& Sfi Ith & eskeR belir FaCTHRF e HRtRAFEHRLAY by

way of enbodi mefhe ceherctes e hReraCCo@nyy Nge eVt fass Latedhssherg. 1
shows an exanpl e _of a uniqn of, characters which con%f:l ses a handwitten
character, and WhfcFeRHEEdt PRLES S6me btiedhs PRIAI ¥ r PP HMboRs mefiie s

t he met hod accordsegthe tdemtirademioiion, df gshe ascdeB cHoma exeanpl €sf@dind,
various transfornpations . ni f .charact ich,c [l ses.
handwitten charaggfegr Q’%ﬁl%fél %ﬁllésﬁgl\%g%é:ﬁ%]galrr%l “gé%%g\ér]e%'g n’??%?%%e(gflrg Sulﬁcfhona of
charact ers whi chavoepr itdes dévecalresiparats ets, thadnddgl chatmmsemnin the
embodi ment of apdevi 66 4lQk16akkY Ng out the nethod. 2 ~ FEB 2003 4 _
Descri ption of E odi ment's Accofding to the invention, the method for,
character recognitioft edfpAvsssagengfbdhios methrdtipshat the normalisa-

tion requires computing power and that in any case the
choice of model characters has to take place by determin-
ing what model character the written character resembles
the most.

Another method which certainly can handle rotations
is disclosed in US-5,768,420. In this known method, curve
recognition is described by means of a ratio that is
named “ratio of tangents”. A curve, for instance, a por-
tion of a character is mapped by selecting a sequence of
pairs of points along the curve, where the tangents in
the two points of each pair intersect at a certain angle.
The ratio between the distances from the intersection
point to the respective points of the pair is calculated
and makes up an identification of the curve. This method
is in principle not sensitive to translation, scaling and
rotation. However, it is limited in many respects. Above
all, it does not allow certain curve shapes in which
there are not two points whose tangents intersect at the
determined angle. It is common that at least portions of
a character comprise such indeterminable curve shapes for
a selected intersection angle. This reduces the reliabil-
ity of the method.



a) a union of characters is detected, b) the union of characters ¢
preprocessed, c) the preprocessed union of characters is corrparedz\?ﬂ tEEBnZUUS'
or nore tenplate synbols, and d) a decision rule is applied in order t.o
determ ne whether or not any one of the tenplate synbols is included in the

union of characters. According to a preferred enbodi nent, the various main
steps are Carriéﬂwé_ﬁﬁéaq@m&ﬂh the fol | owing description. The
embodiment s pr ef epgbbyjedteRded ol ARGAGNS 0 Lty Gfe EhdiefbAr S ¢ hat
are witten on a pressuré-sensitive display, which is available on the
‘market. |t shodiod lshaFacsert FACAIRE fiRbontilieh dqakinals hases (her gpove-
recogni si ng typRwilchel as shaRdMiddes WHONMih charactsrdet hakeati ginat e
froma hard copy, which faor instance is scanned into a conputer. An

enbodi ment whi kPt gaddvdguadi ¢ laddst &f thrndeddhian shatadiarewant: 8y
scanned uni ons y@hadhFoatkebd Wydewia tdascrdhacth vy dru tihe daly ew afg-
description of the steps g{ t.hi.%l?;adrbodi ment, it will for the sake of
sinplicity be PrEB&REd L 1ifdSHd GFPRUCHF RMGS conpri ses one
character. In step &he pbijett di tdvhichasddera aret et exteadkdingr €égukhe ti me
intervals at the_sane ti .he character i.s being witten on the
pressur e- sensi rlin\ygn&iléjﬁ‘l gl%. %‘%{L'Llsn,edgnmorc ey 1Z’equence of points is
obtained. In step bpccohdihgl ftowithg dpereattiiors d&he damn €deoytlatBy sym-
interpolation pehuean the ROl Rk b f U & HERISSENt Ay ali e phasact er
is generated. Thé curve fepresentation conprises one or -nore curves which
pass through tpersdguende aobepainate dmractanndhsf nart i Hedndet éefed to
prevent the inteLpalali 0Rnf HAP & NG OVETStSRAGE HREHIRELRGIRE S rWher e
the pen has been lifted. The interpolation results in characters such as

"tt, "a" and " &eipgi Ay lebhsrdted THMREHTS) stt IO M (v eEheEach
curve or ~ ~comB12802ha reefeass .t imn DfsiGhiras wWasy padteeiteath Maniishi edl |y
as an indivisi bbe %\%gmat rLic unit. This .neans fora i nstaan e Cthhat tghe ggt hod
according to t FEFATENESon R Ry Sl Bl rbhEs Sorf Tt 6t & EREFAEEerS

(gl obal char actempostiéipnst atfi eeve el chporantdrs .- direseifteadian plothe
coordi nates, Whispl ;i RAHCREE NSNS AASidd WY Qo1& R Hnd EdiNG:inE bgd pl ane
that the display constitutes. One of the coordi- , nates which i'n the

fol l owi ng wi || sE&ipalipadofl embp@idigiadtshe position laterally and the
second, which will be nanmed x2 bel ow indicates the position in the vertical

direction. The_cyrve is cqonyeniently paraneterised as ~ (t) _ ([err]1 (t)
[err]2 (t) ) ,MM#&M&&BlfDSFl Gt sinplicity, a=0 and b=1
and are sanpl ed i n gheutrheentioh peidtRidther tadvantades ateoredifngild bay
sui table par a\’;ﬁ%‘%f 'ﬁﬁ%‘d"’i‘nr Woge 1080 R LNy ARG [ ot 5 the Lu vﬁ"
according to Ch T € paraneterisation1s preferably carried out . ich
means that thefpsirdAng becthe eqecdicaamitng disednas, |in jwhitah be noted t hat

becaus_e of the_ i _rr_ewbar 158ﬁ6€$30fanmét>ia‘?rﬂ>l@ dhe Wnilel off RinadastBeL the
case with the initial "coordi nate sanples. The use of the arc _|length_can be

seen as a stan¥REGPs&PMBRIGESt Re a1 AheFR CORf c R dbicat 4 UE Re
fol l owi ng conpathses wbihb teeplsatie: e ferwll Gmbaidcd nparass eéhesadthod
sanpled in a corres%ondi n§ rr?lnner. Fqr, some cl asses of transformationsit
may be necessafyPEOFBHarSnetEr Y ST will al so be described bel ow. In
order to conpare th€&ighakaesndr 3wishiowt eramgtlesspifbelagicus $raacéssnay to

shape a repres i i.ch _all titati orggﬁ[' . .S _
devi ati ons fro%eéﬁ%ergrgl g?kelﬁgf/)%bgl geh%liﬁae% elr% A 3§(ri?ce gvré%%oss ﬁe?’gﬁfiomd,
i.e. for instawgétaen'ghakastes. .be interpreted as an "a", even if with

respect to its shapg;qit 41d5HEQRES a0 BaGffilAidE S6eh ik e ot GAPLAL &f
?he invention, a définition is applied that iIs based

synbol . According to /
on different tFRAYREEREEI Bha ChDESEREIf Sorf Yeadd Shrsatess-bidpft y and
exactness, various eligssesshbwkl ansaibRliinhs B abaelilcengdr thergiagses
conpri sing one or re type 2 4 FEB 2003 6 of transfornmation such as
transl ation, rSFEtggﬁ,mgﬁgPéng, shearing and reflection. This is
illustrated in Figs 2 and 3. Fig. 2 shows a handwitten "a" in box 2a. The
ot her three characters have been subjected to various affine
transformati ons. The class of transformations which is conprised by the
affine transformations allows rotation, shearing, reflection, scaling and
transl ation. The characters in boxes 2b and 2c have been subjected to
transl ation, rotation, scaling and shearing in relation to the character in
box 2a. The character in box 2d has been subjected to translation,
reflection, rotation and scali ng.



Fig. 3illustrates positive simlarity transformations that only, zggﬂghﬁf
scaling, rotation and translation. In accordance with this enbodz 003

t he net hod according to the invention, permssible deviations are limted
to positive simlarity transformations. Thig nmeans that a witten character
or part of a character, which by a suitable conmbination of scaling,
rotation and tr @eskatipgiocvapfb&mbodimentsnt o correspondence with a tenplate
synbol, is interpret : h . Qar t e a ich
is represented by thggfggg}ggeﬁggﬁggliﬁgﬁé%é8gfeggénﬁgﬁgéadgég %§§E§%5§@t0
"be conpl ete, whirekognlitibe d¢esprilsed bBehuwbeFhefrmpisseheasiion, which
"hvari ant of the par aneferi 5o Sur GA2CCEEEr T Rvart ot lhoul o according to
the invention allow & Fheekpiepapforharactessciaspreprofespaderpretation a -
human being makes of ;g PAE! bekp2bcEBAEAChRLonTHESCHERBELERS! iShabAELEEA

whi ch a human beLng w th great accuracg of aimis able to interpre
correctly, i.e. WikRePprPePTaBOLRe tERRAGECPYRALEN BRE writer says that he

or she has witten, ghoul debesiBhernnet ed 8?§1§§&|Yn?BQdé&tEpgaéﬁérﬁﬁﬁéracy
of aimby the nmethod according to the invention. It is thus_inportant that

t
a constructed i HP&EP&HL OF sNSEI 8BYi P8BS Rtathel FeBataheedYRRYISALE0rBiNg to
the invention, inuaedanhsthe2unibbhBo20@B8araacertherefore constructed on the
basis of the follow def.inition_ If [err] .is a paraneterjsed curve
according to the abogg?oﬁﬁﬁn% %8 g BFSESrB%dt?Qﬂggb?ﬁﬁfloﬁéeoyaﬁh?gﬁs, t hen
the se t d ([ermp)in=stepereket taxgigfernt) it gcaoBlanad wgbhvahenfollow-
rewitings ther th h 3 r}.l i a paped by
those skilled iﬁgghgggfggkﬁggnfhg?ge?ﬂﬁ?gﬁgﬁﬁgl%8mér%%%§a§g S?EF%BB@&
i nvariants, whi épr HewegBLSiBI1VURACESI AfcohabActhrs thay AaAdveithencapve
as the above-nent ,opgd,kBds¥h8kBLE§eURiEp1AGCOLHIAY 19 £D8iPEBIEr bRUthe
enbodi ment of the Invention, the shape corfesponding to the group of
posi tive sinil afREfetr ankf BRAHLFoRE PetgfvERabytBe[ RVERELPRNGFI JREL12S
[err]2), (-[errl@efher £bt) retdgf)sif@, Eypewrittenaaki ReaEwEREEENCAASbABCT ed
fromthe paraneterised _curve ggr%] As mﬁl% bg appr e i ated bg t hose s%ikled
inthe art, s([& rfiafgcg?éﬁi Py SR1E40RVEI SR par AphTasePEr HEFEP 75 In
practice, the usesbhnthi $s shapsednphtesat hatpaldr pahanenkeisnentuvhish
whi ch can be tr3gshore,) akeyeaAlpblColYeROShELYSn SO Labbh¥itten,
transformations, have the sane |inear space as_shape. On the contrary
according to anSEABREEnBB#PRENeLoFhaRaCERYENYEbh, Parf feReriPRASPBEMHL i bRs

aEF pei?if$iE'FFh@hQBll?ﬁiﬁ@aﬂégc@ﬁFfioﬁ?Mﬁi?h@gstépsgbgeﬂhby emb%di—_l _
s([err])=linhu err, ferrl2, ich_is.described in nore det in
for instance, "Eﬁ%gns?%nwbgfaF¥Fn5h§h§%Ee,OfeﬁhﬁP ble%pB?t?rEﬁB??goghat
Mat hemat i cs, LumnHdel ngibhub€é oha¥echaokogympddfes byn® cBerabtesson. I n step
c), the shape of the i n.ch i npar e L th r L Ng
formed shapes for a %ﬁﬁ%%%go?thégﬁgﬁé é@n%% s&“?r?%#é% %ﬁ%o ?ﬁén é(?)f!l%/he
i nvention, the regplaretsyabbnsezvalbyatayhef samerotuet aontheoghdeachyr

letting a user weibgiRy HaNEton bherHbsplaysall-188s charachessi dpatrhes or
she m ght need, one at "a tinme, which _are processed in accordance with t he

abovedescri bed 8PepidgyeanicByeRng af ePSibBEediaschedprate $YnbbeR.Phs

menti oned aboverhgaghlienphgt 6peyHBObnEOHBEI S£6r PE@ Ot MOBP CHE¥ESo1MRI Ch
represent a por%Lon gé a cha£ cter,or the conplete character, wh

Lch in
practice means tl9n-hetweenpg g@ogoéngﬁataSEVE %Ir?%ﬁ%?%EEagﬁﬂ%o?t Q%? be
requi red to bui tHagachar ats egentlonerdl, The Biutve beepiksbetaticor! oped bel ow,
a tenpl ate synbol .can, on the ntrar al so represent a_sequence of
sever al charactEFkgeic%%?d?ﬂgm§getﬁgryﬁae 6%8?,5%%% €E§°?%hg§H%a?%q?%%ce
shapes is to usefapgeohet riny nkastiegodf ptioxipet yis Fdetédieedbowepfeverd
shapes accordin 0 d od] . and j
enbodi nment res%%%t%be?ﬁ?égéggéﬁeggga %%ggﬁﬁ%ﬁﬁ %%%gugééﬁéggéég %%%s, whi ch
conprise |inear Peubt8petese vk i ReRhbaspaeen o1 oedi bTke phnberepelatban
E“rst~F’_”aXcﬁﬁe%§€€i.fﬁkgﬁéf@5€89§ SHER 35 9ROMBLILL JfQXk b Uy, IRASULS. 1 S:

P sfdered to consist of one or more curves. Each curve or




where HS represents the Hil bert-Schmdt normand | is the ident FErBtjb
definition, s ([err]) and s (fir) represent such |inear sub- spaces 03
PS([err]) and Ps([err])further represent orthogonal projections onto s
([err]) and s ([err]) , respectively. HS represents the Hil bert-Schm dt
normand | is the identity. The calculati@n of the geometric proximty
measure u |ncI ti I A Le_of

scal ar product q§§ﬁ§§4%ﬁhé??onr%ﬁgr?f( %ganﬁgﬁgrP???§£§#?§i§a Seggin is:

i d k~~t~ d k-tvd sdinldt -geomedtricx uphé&r e THirk meenposifprvénszadoner,rea;mmes and
represents tNGuSCHAnd odeh ARy BhACenbaGR s SATEheHlahyr ¥ COBRE:SeS
plurality of points, each w {\io coordi hat 6s i's conveni & use
matri x notati @ﬁeﬁopmmml@mev@h@r@@ésgsnggépb@ﬂneClaﬁap@serThétstc@g@t@f

descri bi ng th%ﬂEvae%édE'Bﬁﬁﬁ%JBOrepgeéeEtgdBagogao c&@kﬁ@ﬂa@@g
constructi ng a georretrl C proximty neasure can be describ and Carrl ed out

nathenatlcalI9”%&?“%%“@%ﬁ§teLé@eu§0ﬁaﬁéoﬂh@fcﬁhﬁepeﬂnﬁhéndébéc@é@l@ﬁﬁkacter

[err](t ) (Epflrarn]el t(htat) the‘ /dl%pﬁ.by) chnst Ohigks.a0det BE €HEVBoBLga-tenpl ate

symbol fi(t) 1(t) By .sanpl ing. the rve at .the points of
e 0=t | <« { 2hates bieh B (5| SALAGUARDr PhbS Ry CBLLPEr KodiALCARSF - 2

(y ) 1 0Y%~thnhe O‘SZLt‘ltdn )lal:\érél‘ltyzand thé kk2ondl which~\31).l pbe2 [t2 )Y

YW ~tf9ﬂ%d1 “beyia fipgtpay s shel popitioh, Ihy the depejta dl TV g
11 Y 2 ~~n Jre¥tibnlt Mhe Hueveatisi cesvanee@maphoamsedrnaed aanner known

Lo hose il LA NR) 2 lp aY5h ot 1SRN0 Wr R, Er 2 and @

and Q@ r epr eseinplligidlyapesOofandhé=detndt adechampéedr iand nhmbtaerrpl atfe

synmbol , respegiively ¢ given therparapglglhgatbonnyandi tA5182PR bR ter-
isation rule. To begin with, arc length is the rule ac-
cording to which the parameterisation is preferably car-
ried out, which means that the points become equidis-
tantly located. It is to be noted that because of the ir-
regular speed of motion of the writer, this is not the
case with the initial coordinate samples. The use of the
arc length can be seen as a standardisation of the param-
eterisation, which facilitates the following comparison
with template symbols, which are parameterised and sam-
pled in a corresponding manner. For some classes of
transformations it may be necessary to reparameterise,
which will also be described below.

In order to compare the character with template sym-—

bols it is necessary to shape a representation which al-
lows quantitative comparisons. Some deviations from a
template symbol defined in advance have to be allowed,
i.e. for instance an ”“a” has to be interpreted as an “a”,
even if with respect to its shape, it differs to a cer-
tain extent from the template symbol. According to the
invention, a definition is applied that is based on dif-
ferent transformations. Depending on demands for flexi-
bility and exactness, various classes of transformations

may be allowed, the classes comprising one or more types



A geonetric proximty neasure ~ nmay be constructed as foll ows Iuglrlrnqzmlzooa

~~~2 QLQL. @11r where the normlIl ~ |1J" denotes the Frobenius n
=0 and dnD is the usual Lebesgue neasure on the interval [0, 1], in the
above general exanple of a scal ar product, actly this geonetric proximty

reasure 1S obt ajiadanklie il i nssal 4! ¢ Phadystigh! eebeat Bnpest) TRgre

of the method. After the determinatjon of the values o roxi mt

measure bet weerPREAE o birahe ettt cbhipaibciddughyatad éﬁaﬁé@so%/ all

or a sub-union giq the pigplBtshSydnNa HandwliEtBn2083 1R BekS2asteRed) is
-carried out. In this step, each value is conpared wi th an indi vidual
accept ance |i mQthgh threg et sor Rave Perpl stBIsgheel toTRariewsl afe

synbol s whose v@lnee s reh sttantoddiie § YTHeas Ua8sabE 8#FBhEEbrhlefohdainich f
etations o

respective acceptance l,imn are considered plausible.inter

thepwri tten cha‘rpsacﬁog}p.rlﬁe‘{ ﬁJeYsetEi}ﬁ zflé‘il’d?% T‘ﬁgBF’ PE’[“Q?FBH%‘, aﬂ:%w? ehpFate
sylnbol is se: faaiie;da,\/\m;eamiaigj,e ﬁesf]telrtetl'_msmj Issalif)g agadtﬁahsmviqﬁf Tive
value is smaller t i.ts .acGe t, a refine efermnation is
made. The accep(fhaar{cr:%rileir% tlgl %ﬁoyl%}egﬁr]g%b béerm%n%canav?hgeggrrﬁuﬁ?cg?‘? % the
tenpl ate synboltsan&laidvant agd adfiarsi rrg:aihjl'?lhgi dodl| shesephante telhatisoms
that more complicalhed FRALAGIET Sn UGN B3 "o LROMaLLDAYE Bof 3 lyabi oh

val ue of the proxim measure also 1n case of correspondence,

si mpl er char acth&ed sepiRcied 1o tyanglatiomaveefleetionl ueobdticre and
proxi mty neaswy&iijjgcase of correspondence. Further variants are possible,
some of which wll be descrihed below Theoretically, the proximty neasure
has to fulfil ~ (s Eiy-, 3sidJOstIatRfePqeitivantipblarity etransforma-

par anet er ihsat | eimnef thae &lcmq Qiﬂmfﬁ:i\f.d?rbéﬁﬁiﬁglf vg@t@tﬁo@béxlaa n@mﬁbﬁgm each
other with a pgsitive simlarjty tra r,mtion. Since peppl.e whe iting
do not exaCt|chS]‘[OIanE"[POaFﬁé)r esé‘il‘gﬁbq'slﬂﬁlﬁ’&?? “P?%Bs?gr%‘?irben ¥ the

t enpl at e synbolascoridd ngc tepttdmec & nviemttisorshopd dni hioieVerdebiatsedrectaace t 0 be

greater than zer.q. e d,q4 t 1 1S, therefore
determned to gé%\}g’lgéeqslg %c%ﬁltral?% fol?ﬂglna?o tﬁggﬁ?ﬁar gﬁ%ﬁhe@fe wher e
no val ue is snHlElads thak Pt ¥rdddiep Sharastey ¢5 PRIt of e Rl &@rtEri f the

witten charactghchosy ROLuRAWS 1N REHHMAH ©1bn 3PN Dend enpd e sty el s.
| nst ead, accordi nglIS_ o this errbg)dl nent ehfre araneteri satlgn is carried out,

since the paraf@@BSitehiPBn CAfy && LTAMGHG iR t? eSAFFeTRPAITHFT 1WH Harde
extent. A preferempdatepayaivetler iisatiindre mfrdted cag vieh¢ esainie densadtteat ¢t 1S

D)Lt ful £ FEAneE hEr eRREacls Lo LS MenfiSeteq ot o T o,
is witten in pletepgymbped -diThecttogre simidence ddes epelr dmstertic did grorhas
to be done is ¢gateern PRYcAY wSQhViHRD del2@ LRkl &Fe 0dw M ni mi sati on
The representation, which according to this inven-
tion is to be preferred, is provided by forming an in-
variant of the parameterised curve. Useful invariants
should according to the invention allow an interpretation
that is close to the interpretation a human being makes
of a particular character. This means that characters
which a human being with great accuracy of aim is able to
interpret correctly, i.e. interpret as the characters
which the writer says that he or she has written, should
be interpreted correctly and with great accuracy of aim
by the method according to the invention. It is thus im-
portant that a constructed invariant is selective in a

well-balanced way. According to the invention, invariants



mn,u(s(~), s(Srr y)) r where the mnimsation is perforned ovzgagﬁamoa
r

the y which have been descri bed above. The above-described step

repeat ed and new val ues of the proximty neasure are obtained. If none of
these is belowits acceptance |imt, the witten character is rejected and
the user is infofaatheahofdrd hbonstoictaat aAcehbybaggsesti fe hEd1 Dowieg t O
rewite the chad{%c,te,r.. | f gf]f ishes to slgeed ug éhe determ natjon of the
proximty neas e e%ndr%r%t%?'fg EFBRLSGA gFOERe cARCPEEIRY ? the-
fsmal | e?]t , ffor extaplidie did a8 Seeh ; |gllﬁbupvglfuegaﬁﬁfbﬁﬁa’pi@xé; (rjrbfycnﬁm@éy,r es
“fromthe first determ nation can be sel ect and | e secgn .

det er ni nati on, BHY tg]be c%‘rargar ed with t h% (fégﬁ{)f/’zh/’éggﬁrbgl § ?ﬂafmgr &9rhEfUded
in the group. Howdverewritioegs dilrecasEsarbhi salhgdptbeduskapefofiafp. resul t

other han I 1 35e ier s plded ey EABLAL £, PYTDA! Bl ot AKEMAN Yo

consideration inthe se ermmation” T Jeonetri ¢ proxinity neasure
u does not onl yeafdgulttiom alkenkimanyrgesshbiaeenvarisetent vhikkr pretati ons

of a character..fuit id1 it 4eSduiiBASUASOLnBOVh Sl Laknd WoFhar act er s

are. This yields the possibility of also using e present nethod for
verification arfdd dhmvsinantinneq espdivisébye wrikignatures (initials are

_her e perceived as Sip@l%ﬁ&i@? td ﬂ:ﬁé‘@ré‘ﬁérré@?e%&éﬁﬁ’&ﬁ@ &@F@‘I@tﬁ{x}eﬁﬁli on
is, however, not, a preferre té%e of ‘paraneterisation since it exc|udes

i nformati on of &L Ay TERHEPIrE TPARILIRgChOi FRordEP RN Pt e in
this use. Ther giai@.afidNeefanidiayBohanis §haén e spge-sirtabl g (ghhe
preferred enbodﬂ; Hent j}ﬁas 2} her(telool?een(og%écri bed on the basis of the fact
that there are it api%e 't thJI’at A\ B 00os 13 61"s SRAT WR'ch t he
wri tten char actsrcdredd mongdre a fame ber irsed, ctinee dgs dks ptillon Heasphbeen
made for one c t 0t .. S r o acter

runni ng text W%eaccqgg{pﬁde!}g{ \/\qic,;rlrdd‘sxs/e téh]gjfig?(g %/rr)i tﬁ?‘gng%ﬁ’ t%ggg)_d?lssglpgry?&%e&% t he
user's point ofanviesidivialant REapraseocbedddl e ko REdctel ganribey usexref

whi ch denmands rugh ehdde iiied thdF obf eMbh Pahdiee £ @Xduid e d hafhitdie
uni on of characters may contain a plural I%t{ of character, conbinatjons. It
1

i s unreasonabl &3 25 IERHE q WP 122G 1°HRE i Y LT AR 7 I Ridds
as tenpl ate symieinsfoAmdthersgmhdvaresheét shse allesd Boggease i s ashdpd .t ation

of the shapes of the Wil ng, ﬁ%\@? WOL IS nd T § NG MG GRSt ¥
limted, for instance, only alTowed to W e%ne'c aracter at a tine so
t hat the above-tdesdnvised icdse aflfdys exansEornpleiens e areini gikbd vel vy

clear, but not qysgf tfid eMdipe, AR PGt Pt AR, | I e+, by N gisari nihwi1l
allowed to wite runni nﬁ te}(lt. It is thus difficult”to kngw wnere in the
curvel/ curves, fid i #erarndeVPACBhASadESCERRT diid Morrgr Fetatde 1hoi AL 10~

i ndi cati ng the shegiceni 1Exaethstitm entl of £ Bnehaliaed‘er Brchrmiaded typeakpoi nt s,
and finding possible i dd onplexity to t r.abl.em of
recognition. T |e§t%pr 6’%; 2%1%%% n{éf)trs‘erq%e’xislf&? si’%%{fjvébt‘? noggrcegc?hcf’aonlcoequm ]tgh97én
enbodi nent of tlye RveBeadhddemadi-ng to the invention in the foll owing
manner. 1t should benMeaLLongd thal i aboMed SRS Aldh Gt N the

same way in this enbodi ne the To I ng description essentl y concerns
the step of pr&PFEEESS Mg thhENFeFPIId @tk wciemed fhanas siayp omumber

conparing. If Ufetléﬁ.glia&el !swla:,f.t er'n e@detls CARAPinRint bR WY dnvdHtiomgy be
taken advantage_ of. Each lifti of the k?en gives rise to a discontli %loty
and may be det &QfedeBP ﬁ(??’ﬁ’?’slsoél% %I%@Y\féqyuf‘%ﬁo‘i\iﬁﬁltoq rPrsOﬁ’&tE’g r
time. Naturall py tlleics icet ectusen Wy itas rbechaond defuiee displanclaangtihe
paramneterisation. The union _qQf ,charact,ers here consists of n gurves. The
poi nts of di scgﬁ‘ﬁrﬁﬁ"%ﬁfsn&?a%eqeal?% e pﬂ”a‘ﬁyf g% reoaﬂgpdaltntasqiltﬂne’
di stingui sh t wwhdlehr ace p2otessiedB iA008cd@rdance with the above-

described steps a) and b) and are stored as template sym-

bols. As mentioned above, each template symbol comprises

one or more curves, which represent a portion of a char-

acter or the complete character, which in practice means



ters fromone another. This focuses on the problem of character { R
several strokes that are being - witten by lifting the pen in gelgﬁgg ?Uh%
Such a character will be represented by several curves by neans of the
detection of discontinuity. However, each clrve may be paraneterised with

reseal ed arch-lgngth ] ’E&ﬁw a%:nﬁgg L er
of sanpling points. %%%%ft at fﬁﬁgl y . .,fs ﬁégﬁ%&%&%ﬁe\%?‘én &;?gts)k
"is a conpositi cthatacher c HowWeVEr t ak. witbhpae ef ehtchen et topat dflowr ves

sl, s2,..., sk w S f t {Jgglés r i
. largest nunber o ﬁ%h%%s%%ﬁd%dﬁ’l n&g%?eﬁ%ﬁte ’yrré‘})Ic,)%Be 7% suérréeerg‘%g? skl
is the |ongest IHRIRGE | oh veinl sharacters ves
correspondence/ corr Wﬁiﬁi’"&f%o it m%im,erbr{g)rnyy 0 W teat e

synbol s, gives one or pore values of proxjmty measurés that are bel ow the
accept ance |i ni3IERRLptANR 15513 JeBWRNF1¢ EASWH s RIS Hid ond'IF  nor e
tenpl ate SY_TTbOH_Shleieibd)'ﬁe (rjrmm@j Fﬁia’piﬁ_laéc%&%iﬁvtﬁcﬁ t?ua:?ﬁ@ﬂérredd em-

i nterpretation. ..accordance w th this enbodi.nent of the nethod, a

bl st i1ty t Bd RSl o AR SHingty. e R4 bat ow
I f the interprejcdnetric pwdxiphioiss itk esuisk 1y i Bois drdrened Wi dhhexdngngesd

conposi tion of curves ) one,. whi ch gi ves correspondence. The _
plausibility te]SJtn?asr cszdrﬁ:r?i%gg%eu%]q%]h%}g”h&kge. TH2%Ho Gt eors%‘r% 5 RSH reter

pl ausi bl e for amedksutves bbstmanther pregdht iZm ofagild OS5 ettt ed.gebnet -
remai ni ng curves; ar pondingly. Only the points of

di scontinuity gﬁe@%&gﬁﬁﬁﬁ%nﬁééapﬁusi bl e breakpoints as far as
coherent witing is concerned, but there may al so be breakpoints within a
curve. It is to be noted that as a nyiLg -of )f”(;)ﬁ L he above procedure to
find breakpoints is achieved with reparanet &y S8t ons of the conposition of
all witten curves. The term"plausibility tests" covers, inter alia,
so-cal I ed confi dencRels ol A d L3NNG 1y (LBEHEALRORILLOR f uni ons
of characters consisting of several characters, and characters consisting
of several cur\iés, the ZRIEEIEEYB 2003 14 respectively, will now be
exenplified by means;pftHe Ge Anitthe o igJened $848 RebRr@s¥sedsazh lin-
plausibility tests. Assunme that the witten character is "ata" (English

" feafj"%, it_.e. af%?jp?‘&“e?%fwﬁﬂ&@n q(;f é’@c(qa’tg?%@;ﬁ trﬁpF‘tlt‘:g.enEa.O; ;rﬁié’én?]
of detection ofnali sefddulidiseorany g @haadtetefi)satiespetttivelgsc e d ep-C
ength, *a" hag heen d dspl ifihed ANoidn; dis A0S, e o0 oL Wi 116 fgr) zont al
as well as the'vertical s rlolke can be interpre &d- as an , et can
be interpretedThe "gal'culfid arergd dthe gyadmstsriar e roxaméd ywinel sagsogi arned
confidence set 13060 ANGIA g & Hh1Wehe e tenplate synmbols "1" and
"t" are shown with the respective confidénce sets as the shaded area.

Assune that the verth ggnedgloRgagirle off @ issrdegr ereduss Phetempliace
synmbol "1". The itoransf(@nmatidony @ )Rari-th R2 1Rk tikem'ba det ernined - within
the class that generates the shape - which transfers the tenplate synbol in
the vertical stroke. If ais applied to the confidence set, the result of
Fig. 4c is achieved. The next curve, i.§. the:, hori zontal stroke, is in the
confidence set, which is forbidden, xapd ¢k d'#@rpretation is classified as
i npl ausi bl e. The confidence sets dodpbt giteed g be*identified by only
straight strokes, as those skilled in the art will realise, but may have a
nore general appearance. To each tenplate synbol another confidence set can
be connected Wﬂﬁh@”té%tf;@laﬂ:% R ifdike ReRlon eddieRst RadneXtetl et s @S0
out side the second confidence set .nit wll be interpreted as if the next
character is tREFIFSPIGRGNOR fow word. An alternative plausibility test
means that the transfioceseach wang) edasudeiceionpedses hhpidesthipt ben of
confidence sets i, studied. I.ftt e transforrrq:tion.is.be ond a.certgi n
scope, the int BT et iSG W P& WO SOOHEREES 1i bl As PBP¥SNEGEE SCope
may, for instamse mdtEninedaifdcwmmicr domparatsfver pebces siiagablfowke t o turn
the character ip.relati w rhi.er inter d.characters have
been turned. Nss%gpgéxsdeggﬁ%vtes%&g)%ororrrPJaﬁééc’n%lb /' écipléexg%gég. lﬁnﬁgr té?{ 58

di stingui sh, for exanple, 24 FEB2003 3. 5 "S" from"s", the enl argenent
of the transformation can be calculated in relation to the enl argenent of
synbol s that have been interpreted before. The above-descri bed enbodi nents
of the method according to the invention should only be seen as nonlimting
exanpl es, and many nodi fications apart fromthe above-nentioned ones are
possible within the scope of the invention as defined in the appended

cl aims. Exanpl es of further such nodifications follow bel ow




As an alternative to the above-described reparaneterisation, EEFEBQGUB
is taken directly on the basis of the first determ ned smallest

proximty meas ure. Exanples of other nodifjcations are the choice of

anot her proximty neasure, various choices of values of acceptance |limts

that demand a cegtgbh &Q@%&ﬁé@ﬂlé@lﬂ@ré USorSter o S & BR e Ité'ﬁér@f can
reparaneterisation_and dlfferent types. of” shape, for, instance, an affine

shape. As far a2 \@RFERAPEYpRRT JFaichifsd Qitte Rltaatecat o a7 Rk kowhapes

are, as an alternatiyg wseathhd tﬁﬁé&’sdxﬁt}e for @@cméﬂem&fcm@é@rs Thi s
‘nmeans that several invazrd':gnts ?tﬁ) vided for each union of characters and
th

are then proces¥él) TaVpAFar| ¥e SEDtt oM AGERS ePETVEHPE Qi beBPA2REgher

degree of accurgﬁyb@p%(at)fﬁﬁtle(rt)re%qltl)m OIOsthm pBycbhﬁpllhbetﬁét Badve
according to the inventi g can_hbe. use i nst.an |n e tronic

not ebooks and tde & § P hobite etlleﬁ)ﬁcﬂtés t_W’l‘t ng ma-
possibility of toihwawinatilmn fyrmeedwitabl e wi ndow. The rret hod according to
the invention can be inplenented as a conputer programin a conputer by
using a comrercially avail abl e pro ramm ng | an(quage for mathemati cal

cal cul ations, such %d&(l‘d, et{hdr IFARTRAN, or (#0a spi#elfal I} BYilt device

accordlngtothelnv ) on |qh Il be d rhbed lyowy b both cases,
the tenpl ate synbol s(ﬁgx)e s?o(‘#gd .as. p dat aba Z,C(rzl)f nggge)d th dat abase can

be changed. 2 ~ H 003 shpwn in Fi nt of a
device, which r ?3@ the¢#gt)A§d 6],orrpri se %a(t";r esg’el n jjtive display
42, a display cgﬁmr%@ati@ﬁ,pnl t0 414 wi t #a= pt@ot oy, (4b, aOcD trol unit 48,

a nmenory control un Jnit 52 ssing,ynit 54. The
di spl ay communi cat i d’%‘t(t ?@Bfr‘e the cont r ol Q/d?tﬁ%'ﬁﬂfﬁe rr@rrp y control wunit
50 and the processiing: unit 54 conmiuhi cate via a bus 56 triansferri ng data,

address and control n et ween| t he uni nipnsyof ghpjacters are
witten on the dispYa 99)4%}531?]2 are detected %z(tﬁe "ggf’ector 4&, which
provi des the ordered sequence of points. In the nmenory un|t 52, the

tenpl ate symbolsg, ang,{ g Céjﬁe Gk %Hcod?:%lcgea“l%r aChLEIn, n%tw‘?)r a4, t@ﬁoé@aans

of the processi ng un| t cul at1on operations are Cal’l’l e out,

conprise the i nmlerbked g dheofatithe Es%ﬁuéﬁ@ets P@F%&lntasldas‘ﬂm‘r@ﬁﬂr

curves, the par ﬁeatrecrl ter%" HtIRAfTh LU IR GRPa; 301 of, e up
preprocessed un| on of ?}g_ters W th terrpl ate synbol s and the agpzl i catr on

of the decisi ont¥iARguY anr't T EBENG D TEFEERETE HO° *hg out
the nethod is sébreke dléttmcdmd rcdtamﬂeﬂ&rrdut&et henpledgreamyaiesd Icommami cat es
with the user v, pI 0 n | The
device is al so éégea ‘?ﬁdeqT%r opterchon C‘% erll‘e Srtaecﬁﬁn%nt!‘er %Ih% %%#?il%
conpri se the choi ce Pofgesigias.c ﬂ?@’@ﬁmtdeﬂ@ﬁsp‘ﬂf@xwmy #@a§9petrtll¢ée@hm ce
of paraneterisatd ons @hwes t he choice of decision rule. The choices are nade
via the display 42. Above, the description has essentially been nade on the
basis of the characters being witten on a display and bei ng detected at
the sane tinme as they are witten. Q)Lj na@ége%t"s that the characters
are detected, for instance scanned, as t 9 éady witten on a piece
of paper. This concerns handwritten characters as well as typewritten ones.
Thus, the det ectr on ¢ ri ses gad of the operation of ecovggr Si ggot he
di spl ay writing’Pg%e e §BPRES (ERANHFARF 1R RAFPac N t he
p| ece of paper .ardtihry dgeousd y;sumamaﬂmtsaguesmean&boromedhe it elrva1B 2UU3

[0, 11, in the above general example of a scalar product,

exactly this geometric proximity measure is obtained. The
choice of scalar product affects the performance of the
method.

After the determination of the values of the proxim-
ity measure between the shape of the detected character

and the shapes of all or a sub-union of the template sym-



into said ordered sequence of points by edge detection. , However OEEQS
also a nodification within the scope of the invention. In this ﬁn‘a rﬂﬂﬂs

t he preprocessing conprises form ng one or nore characteristic curves,. for
i nstance the edge curve or edge curves of th@ character, on the basis of
sai d edge detection ani}%é)a angteri satign. When thg,edge curves_thus have
been defined, thel$olF ré)) st R F R nRUE andRad NS BhEPab&RENINSdEDAE,

prefer rA ed e_fTbOdd':cﬂi]?;BérheJ hﬁiﬂe(‘é@i :Q_Edi%dia@géﬂ%y%b@e§ﬁ:aﬁ@tﬁedihﬂtlfTBlMcﬂi E%epénlg
ways. vari ant _p above-nentioned is that a e tenplate, s ols for
“whi ch the val uefb‘fiie‘iE hfgorpr?ﬁ("r 'tceif“%ﬁ%'%%r%ymlgogel Skﬁet &r@m& e&st émoﬁﬁmt is
sel ected. Subsegest |yalide senphatproyihote mexsheepaeeessad 1bur than in
accordance with a?n%%refi ned determ nati on o&é{qggsabovedescni bed is

t\ége. Lt 1
al so possi bl e t Bk SEREAD Far? Cre Rk #RCEn sBFECFPBN 1RErREIPIGHALR
poi nts out the bbstiptenmidiat dnerafitthe. wObtteranpbeaattesuchbfathesbod i s
statistics of charact by { ndi he,pro b h resence of
separat e char ack ?%S%ﬁecs:olr#%ﬁ%n%@% néé‘naFﬁ%tgrg%'b#ﬁtttge%&?_%oﬁ/bggﬁgr_, an
alternative forleeted whosg vhkkaecceptacemblhess.i Ont hhe ctheotrempl at.é
synbols are gro 10 whi S L i k.t hi,n p.
The met hod acco#‘g?ﬂ%l%é; %esq%n@g%tei%ﬂng? sf.‘rggl %gg}agt?ﬁ&%hg?nﬁt’i Eél a F%‘t%%
recogni se r at hedetRrwimaidl @haradiads. dhige nanagetanganilagitexmayTadseoheent s

of the database,gk ex Pt Hd Wedrdd st HET PREPLEMBISEE QhmBERAr ARE ag-
characters is sufficient. in order to recognise a variety of fonts and

handwr i tings wiY&nags g dbgrmee Widhetdpatyaceepkapcendkmiés, ipethat
3d¥ant age to SLI%_?e S@h@flaﬂqaétfé’d ﬁfﬁ%@cﬁt@ﬁ?h §ﬁ@h?§'ﬁser’@_”\l\’mtéhd_cegphhﬁé a

ef ormati ons that, ar e .out,si t he ss of tranpsformations ichis
appropri ate andgfi)’errajr"H &9 evafe‘l‘rP? h%fc%fﬁa??%ﬁ.“l Y BE¢SHES0®bECadlafitd§eous
to store cert aiof compoesigarslenas, offarbeteimplénrchastabeest oshehabke”16,
nore safely dist] i t 's 11" i C C - n 2 4
FEB 2003 18 CLA%\%%%E& n%%’t%cfs flocg‘}c %]\f/@a‘létQ?a‘?@%og%p?%ﬁggo%g%fﬁgi?he
steps of - deteeashPla apfIRERINAGNFAct Bistherpyapianésshpng rpesibion of

characters, - coipardmgHite RFEPr acessesd-#boes pbigharacters with one or
nore tenplate synbols, and - applying a decisjion rule in order to either

. y I S| !
reject a tenplate sySOIreslcidcdiVae tiatPEPrelmEhy| BEBSYYRLHBAS| 8O Rgl&HEd in
the union of charagders (ywhe irh G AHEPPOLLS ShAGahbBeelEaliOhs CHAr BRELT S

compri sing the el eP%five WP EREMLAL L ne-InL9Pa Ohe§MBLER! EL8na8:R0E O
with a positive similarity transformation. Since people
when writing do not exactly stick to the permissible
similarity transformations of the template symbols, the
acceptance limits should, however, be selected to be
greater than zero.

On the one hand, the acceptance limits are therefore
determined to be values which are >0, and on the other
hand the case where no value is smaller than its accep-
tance limit is not interpreted as if the written charac-
ter does not have an equivalent among the template sym-
bols. Instead, according to this embodiment a reparame-
terisation is carried out, since the parameterisation af-
fects the final result to a fairly large extent. A pre-
ferred reparameterisation of the curve y means that it is
put together with a one-to-one function y:[0,1]-[0,1].
For instance y{(t)=1-t fulfils this, which means that the



- paraneterising said curve or curves, char actari s a lelthEBZOU:'}
the step of preprocessing the union of characters further conprises the

step of form ng, regarding various classes of transformations, one or nore
shapes for said curve or curves, and that the step of conparing conprises

h f: f .
determming forchAGEEnabe TRTERR, 28 BRe hPeBER s sore FeBR R ritpotnBath, os
bet ween sai d shaperepakamestespeationl fadeter benddnehapedetermiihedt bygpl at e
synbol s, and_thg%hthe %5§9é8%o@f %ybggm%%gﬁgsghgg rul e conprises the step

-of: - selecting ate S Onsi deration of said
values. 2. A nethod as clained in clalntl charactarisadin
that the step of detecting a unionnghlq qg%e ) conprises the step of
representing the union of characters as a se points, and that the step
of representing the union of characters as one or nore curves conprises the

steps of: - generating an ordered sequence of points fromsaid set of
points, and -wheysghmouininisationetpoParfrgnee REER 2hé pbi hhe fo

generate said opgiEH Hgﬁéaﬁééﬁeﬁescrﬁbe& gbbed as clained in claim1 or 2,
char actar.i hat the ste

f t th
steps of: - arranglﬁamhégﬁtd?n ?%F%b%%n@EngnFEgLEgeﬂfgééénﬁ%ﬁegﬁéggggn ae
function which ¥aluesvof hehe upyeximhtly -mesasnicengrehebtanaeédonIfnnane of

I it f | di st.ant t 4, A had
DO SRS A PR P oG PRap R T, B vé‘lgkegr%ﬁtaﬁath
5. A nethod as témux&utejegmgdom@dothehespre&sdun@orMadanonbethmsonfor
characters being, Aghfed 88y Ok Qudiepng nff gil- to' PeHELELOEndl EAGELY. C
at e st ¢

aract ar.i ete |scarr|e uring
the witing. ter. If one wishes to speed up the etermination of the

proximity measure after the reparameterisation, a group
consisting of the smallest, for example the three small-
est, values of the proximity measures from the first de-
termination can be selected and in the second determina-
tion, only be compared with the template symbols that are
included in the group. However, in certain cases this may
produce a final result other than in the case where all
the template symbols are taken into consideration in the
second determination.

The geometric proximity measure pu does not only re-
sult in a ranking order between different interpretations
of a character, but it also gives a measure of how simi-
lar two characters are. This yields the possibility of
also using the present method for verification and iden-
tification, respectively, of signatures (initials are
here perceived as signatures). In this use, the arc-
length parameterisation is, however, not a preferred type
of parameterisation since it excludes information of the
dynamics when writing. Such information is valuable in
this use. There are, however, other variants that are
more suitable.

The preferred embodiment has hitherto been described
on the basis of the fact that there are suitable template
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write one character at a time so that the above-described

case always exists, the situation is relatively clear,
but not user-friendly. According to the invention, the
user is allowed to write running text. It is thus diffi-
cult to know where in the curve/curves, for instance, a
character ends and starts. The points indicating the be-
ginning and the end of a character are named breakpoints,
and finding possible breakpoints adds complexity to the
problem of recognition. This problem of complexity 1is
solved in accordance with an embodiment of the method ac-
cording to the invention in the following manner. It
should be mentioned that the above steps are carried out
in the same way in this embodiment. The following de-
scription essentially concerns the step of preprocessing
the union of characters and the step of comparing.

If the pen is lifted after each character in a word,
this may be taken advantage of. Each lifting of the pen
gives rise to a discontinuity and may be detected by two
points being relatively far apart in space or time. Natu-
rally, this detection is carried out before the arc-
length parameterisation. The union of characters here
consists of n curves. The points of discontinuity may be
taken as plausible breakpoints to distinguish two charac-
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W] c(a W]caV] caemplate symbols, gives one or more values of proximity
measures that are below the acceptance limit/acceptance
limits. Even if sjj corresponds to one or more template
symbols, it is not certain that this gives a correct in-
terpretation. In accordance with this embodiment of the
method, a plausibility test is therefore carried out,
which will be described below. If the interpretation is
not plausible, skx; is shortened to the longest composi-
tion of curves sky but one, which gives correspondence.
The plausibility test is carried out once more.

If no interpretation is plausible for any sk, the
best interpretation of s; is selected. The remaining
curves are processed correspondingly. Only the points of
discontinuity are not sufficient as plausible breakpoints
as far as coherent writing is concerned, but there may
also be breakpoints within a curve. It is to be noted
that as a matter of fact the above procedure to find
breakpoints is achieved with reparameterisations of the
composition of all written curves.

The term “plausibility tests” covers, inter alia,
so-called confidence sets. The above reasoning of the
recognition of unions of characters consisting of several
characters, and characters consisting of several curves,
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that generates the shape - which transfers the template

symbol in the vertical stroke. If a is applied to the
confidence set, the result of Fig. 4c is achieved. The
next curve, i.e. the horizontal stroke, is in the confi-
dence set, which is forbidden, and the interpretation is
classified as implausible. The confidence sets do not
need to be identified by only straight strokes, as those
skilled in the art will realise, but may have a more gen-
eral appearance. To each template symbol another confi-
dence set can be connected which contains the first set.
If then the next curve is also outside the second confi-
dence set, it will be interpreted as if the next charac-
ter is the first one in a new word.

An alternative plausibility test means that the
transformation which was determined in the description of
confidence sets is studied. If the transformation is be-
yond a certain scope, the interpretation will be classi-
fied as implausible. Such scope may, for instance, deter-
mine how much the transformation is allowed to turn the
character in relation to how much earlier interpreted
characters have been turned. Also excessive deformations
may be excluded. In order to distinguish, for example,
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The above-described embodiments of the method ac-
cording to the invention should only be seen as non-
limiting examples, and many modifications apart from the
above-mentioned ones are possible within the scope of the
invention as defined in the appended claims. Examples of
further such modifications follow below.

As an alternative to the above-described reparame-
terisation, the decision is taken directly on the basis
of the first determined smallest value of proximity meas-
ure.

Examples of other modifications are the choice of
another proximity measure, various choices of values of
acceptance limits that demand a certain adaptation to
various users, different types of reparameterisation and
different types of shape, for instance, an affine shape.

As far as various types of shape are concerned, two
or more shapes are, as an alternative, used in parallel
for each union of characters. This means that several in-
variants are provided for each union of characters and
are then processed in parallel in the following steps.
This gives a higher degree of accuracy and a faster rec-
ognition.

In practice, the method according to the invention
can be used, for instance, in electronic notebooks and
the like and in mobile telephones with an enhanced possi-
bility of communication by a writable window.

The method according to the invention can be imple-
mented as a computer program in a computer by using a
commercially available programming language for mathe-
matical calculations, such as C, C++ or FORTRAN, or as a
specially built device according to the invention, which
will be described below. In both cases, the template sym-
bols are stored as a database. If needed, the database

can be changed.
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As s own in Fig. 5, an embodiment of a device, which
realises the method, comprises a pressure-sensitive dis-
play 42, a display communication unit 44 with a detector
46, a control unit 48, a memory control unit 50, a memory
unit 52 and a processing unit 54. The display communica-
tion unit 44, the control unit 48, the memory control
unit 50 and the processing unit 54 communicate via a bus
56 transferring data, address and control signals between
the units. Unions of characters are written on the dis-
play 42 and are detected by the detector 46, which pro-
vides the ordered sequence of points. In the memory unit
52, the template symbols and the detected unions of char-
acters are stored. By means of the processing unit, cal-
culation operations are carried out, which comprise the
interpretation of the sequences of points as one or more
curves, the parameterisation of each curve, the compari-
son of the preprocessed union of characters with template
symbols and the application of the decision rule. In the
memory unit 50, also software for carrying out the method
is stored. The control unit 48 runs the program and com-
municates with the user via the display communication
unit 44 and the display 42.

The device is also adapted for optional settings
which, inter alia, may comprise the choice of shapes, the
choice of proximity measure, the choice of parameterisa-
tions and the choice of decision rule. The choices are
made via the display 42.

Above, the description has essentially been made on
the basis of the characters being written on a display
and being detected at the same time as they are written.
An alternative is that the characters are detected, for
instance scanned, as they are already written on a piece
of paper. This concerns handwritten characters as well as
typewritten ones. Thus, the detection comprises, instead
of the operation of recognising the display writing, the
operation of reading (scanning) the characters on the

piece of paper. Advantageously, read data is transformed
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prises forming one or more characteristic curves, for in-
stance the edge curve or edge curves of the character, on
the basis of said edge detection and parameterisation.
When the edge curves thus have been defined, the follow-
ing steps are the same as in the above-described, pre-
ferred embodiment.

The decision rule may be selected in many different
ways. A variant of the above-mentioned is that all the
template symbols for which the value of the proximity
measure is below the acceptance limit is selected. Subse-
quently, the template symbols may be processed further in
accordance with any refined determination of the above-
described type. It is also possible to make a combination
with another selection method, which points out the most
plausible alternative. One example of such a method is
statistics of characters that indicate the probability of
the presence of separate characters or compositions of
characters in texts.

Moreover, an alternative for determining the accep-
tance limits is that the template symbols are grouped, in
which case the same limit applies within a group.

The method according to the invention is reliable in
that it is able to recognise rather deformed characters
and manages running text. The contents of the database
are not crucial, but in principle a set of separate char-
acters is sufficient. In order to recognise a variety of
fonts and handwritings with a high degree of accuracy, it
may, however, be an advantage to store several variants
of each character, which comprise deformations that are
outside the class of transformations which is appropriate
and permissible in the comparison. It may also be advan-
tageous to store certain compositions of characters, for
instance to be able to more safely distinguish two 1l’s

”11”, which are connected, from “u”.
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- preproce351ng the union of characters,

- comparing the preprocessed union of characters
with one or more template symbols, and

- applying a decision rule in order to either reject
a template symbol or decide that the template symbol is
included in the union of characters, the step of preproc-
essing the union of characters comprising the steps of:

- representing the union of characters as one or
more curves, and

- parameterising said curve or curves, c har -
acterised in that the step of preprocessing the
union of characters further comprises the step of form-
ing, regarding various classes of transformations, one or
more shapes for said curve or curves, and that the step
of comparing comprises the steps of:

- forming one or more geometric proximity measures,

- determining for every shape the values of said
geometric proximity measures between said shape and cor-
respondingly determined shapes for the template symbols,
and that the step of applying a decision rule comprises
the step of:

- selecting one or more template symbols in consid-
eration of said values.

2. A method as claimed in claim 1, charzrac -
t erised in that the step of detecting a union of
characters comprises the step of representing the union
of characters as a set of points, and that the step of
representing the union of characters as one or more
curves comprises the steps of:

- generating an ordered sequence of points from said

set of points, and
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- interpolating between the points to generate said
one or more curves.

3. A method as claimed in claim 1 or 2, charzr -
acterised in that the step of parameterising com-
prises the steps of:

- arranging according to a convenient rule of param-
eterisation a function which follows the curve, and

- sampling the function in a plurality of equidis-
tant points.

4, A method as claimed in claim 3, charac-~-
terised in that the rule of parameterisation is an
arc length.

5. A method as claimed in any one of the preceding
claims, the union of characters being detected on a dis-
play on which it is written directly, character-
i s ed 1in that the step of detecting is carried out
during the writing.

6. A method as claimed in any one of claims 1-4,
characterised in that the union of characters
is detected in a data quantity that originates from a
scanner.

7. A method as claimed in claim 6, charac -
terised in that the step of preprocessing the union
of characters comprises edge detecting the union of char-
acters.

8. A method as claimed in any one of the preceding
claims, characterised in that the step of ap-
plying a decision rule comprises determining acceptance
limits of the values of said proximity measures and se-
lecting a template symbol only if at least one value re-
lated to the template symbol is within said acceptance
limits.

9. A method as claimed in claim 8, charac -
terised in that individual acceptance limits are
assigned to each template symbol.
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curve and the template symbols are beyond the acceptance

if EB 2003

limits so that one or more values of the corresponding
proximity measure decreases between the template symbols
and the shape of the reparameterised curve.

12. A method as claimed in any one of claims 8-11,
characterised in that the acceptance limits
are determined on the basis of the fact that only simi-
larity transformations are permitted.

13. A method as claimed in any one of the preceding
claims, characterised in that the step of ap-
plying a decision rule comprises carrying out a plausi-
bility test of the selected template symbols.

14. A method as claimed in claim 13, charac-
terised in that the plausibility test is based on
the confidence sets.

15. Use of the method as claimed in any one of the
preceding claims for verification or identification of

signatures.



