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‘Background of the Invention 5 Field of the

I nventi on This invention relates generally to handwitjng
recognition, and nore particularly to a rrethqd of stroke .
segnentation of handwitten input. Description
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E d_e_scrlptlon of the character instances will "look" similar to the
character recognizer itself. In the ideal case, all instances of a
given character would always contam the same number of
strokes, the strokes would all be in the same relative locations,

30 and the featural descriptions of the strokes would all be very

similar across the instances. This ideal is not achievable in
practice, but to the extent it can be approached recognition
accuracy can be 1mproved
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setting the stroke boundaries at pomts where curvature is at a
local maximum and exceeds some threshold value that
corresponds to sharp bends in the wntmg Since a sharp bend
can occur feg_é_rdless of the direction the pen is moving, this
30. method is not sensitive to the or'iexitation' of the various parts
“of handwritten input, such as words or characters.  However,
the curvature-based technique has its own problems as well.
Suppose, for example, a person. writes an "L" with a very
gradual bend, rather than a sharp bend, so- that it starts to look
35 more like a "C". The method might fail to segment the "L" in



Brief Description of the Draw ngs
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di screte contin oui segnment . . | SCrete contipuous Segnent” consi sts
of one or nore pigthod andsitheyexisting euryatare Jpethed.is the nark left by a
pen during its period of contact with an input device such as a
digitizing tabl et or paper, : ' | ectronic input; input
captured through pressure, suchségn%&j the_ In‘ﬁl\’gtﬂff input that is
recei ved el ectronically, such as via facsimle, pager, or other
devi ce. str.ake s pr, e eqy) o, [ npl ed
at 5 ap%nsoxi mat el ;;A ‘.'r"é’é J‘%ﬁ'r n gr \Pgégéﬁr}yq?ﬂén@?fggug ﬁegﬁ%e;_l&g%a%o?ﬁt S
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be derived froma scanned, or xed, | mage ugh a process of line
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_ derivative. Such boundary points are not influenced by
30 absolute curvature values, but rather only by relative changes
in the curvature. |
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20 In accordance with the present invention, handwitten input

may be i Ryplgsigs m of al phanuneric characters, |deograph| Cpc'rmsgslmr acters
or other torns of characters or synbols of witten comuni cat | on.
Referring nowto the FIGs. and FIGs. 2 and 3 illustrate stroke 2 5
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cal cul ation of curvatur vature a resanpl ed
poi nt R (710) values calowdatedefor:sachepointtian&IG: o/.R s successor (point R+l
(730)) fman 30 a point P (720), obtained by projecting linearly fromR s

predecessor (R-1, (750)) through Ritself. This distance i's shown in

- Figure 7 as elenent 740. Curvature at endpoints of the handwitten
input is defined asDetaidd t Destription iofethe PreferredsEmbodimentsr est
"nei ghbor points. Curvatures at the 35 interior points of the handwitten
i nput may al so be conput ed WO 95/ 32485

PCT/ US95/ 05409 Typlcally, handwritten character mput is collected from
30 the user in the form of discrete continuous segments. A
discrete continuous segment consists of one or more pen
strokes, where a pen stroke is the mark left by a pen during its
period of contact with an input device such as a digitizing
tablet or paper. -
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of curvature 1 i!\é?,%' ' 2l W& Sa t C ' e derivative
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30 stroke segmentation of alphanumeric handwritten input with a
high probability of inaccuracies in interpretation of the input
when stroke segmentations are passed to a stroke-based
recognizer. FIG. 2 illustrates stroke segmentation according to
- the y-velocity method (200). FIG. 3 illustrates stroke

35 segmentation according to the curvature method (300). FIG. 4
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as two poi au 0, f n t
curvature Iu Fge ﬂéﬁf lue(g%(g °§§8 *?Dgtlph %e cur va hﬁeﬁlpm
derivative baséntlghlurldatl}e handwrittens input dsi appmxlma&elyt rink the XanS8r v
poi nts can be i d Y, ma#ap I 1 ure and the
derivative of olfpis)\fgr%/%t%xpgp d. {]%egglyk ﬁfr E S%éﬁ%cvarlgy d;l'tgla.s preferred
appl i cati on of chiegen piscgueh ﬁhﬂ&eﬁhﬁ mdlgnohtvfdb%hh’rn &ﬁ i W@ poi nt
i f no stroke Oagg?g;ﬁ:ﬁmry tiAr @fe RahBeSofild tBe30r dstiesed. however .

0

T nventi onfi nes ot Bb %m&tézabﬁe%ﬁé"édqaf&ﬁé“ Inghldtiates off S0
then be forwvar ¢ugvature at redch lresmmpiedirpainer (130). Figurgniz éllustgates
e ret erreq ATRMRANe GeBkadR 0e, the dasa, for cHICuRIGRSOF z{r“égh“: 2o
n® in
SH/;[ :jgljel Intngt gr@?@, Si mYHr se ?ttbte i;%égg%d&t(ﬁﬁﬂl%ﬂrﬂw&?bﬂ t he
a point P (7%0), o tamea {ay projecting imearly from RS
predecessor (R-1, (750)) through R itself. This distance is
‘shown in Figure 7 as element 740. Curvature at endpoints of
the handwritten input is defined as equal to that at the
 corresponding nearest neighbor points. Curvatures at the
'35 interior points of the handwritten input may also be computed
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10 %&Wﬁ en input is the Letter "L" ‘witten at di f@@?ms

by dlfferent witers, the present invention and its preferred

enbodi ments nore accurately divide, each tinme, the input of the -
letter "L" into sinilar stroke segnent ati oy boundary points 5 regardl ess
of the variances of the different witers. Such .. .. stroke segnentation

d di '
o ooy o1 91 BY BRSEcRE LG ppjnts phAYCERLS| R MY a0tk BlAgeT
of the prGnshiusing ¢hipoint twobpoirtss prior Gee Robratbes th%tle%sl)@ntol s10
fromthe case opptgin! §t ffbrea dtt b@?nﬁ‘i@c“ dré1cs elflhi%tfdiﬁé gtaphically

cursi ve ertlng The act ual nt tlono tro |
i ndependent of thfe mawaeov'@@gnemamgg f@rr ¢ cpaints thown in tFigyre ‘7'-

techn:c qucﬁs ghi CE al | Por pexunphe, nﬂzeofab@vgsm&ﬁgngwl eg of an I"Eﬁdwhth make
use of the stroke s at on._Rrogcess descri.be not her :
embodi nent woul mr@%ﬁ%ﬂ 6 ented é’&tgnﬁe 71 Bi ne"

witing, into shonkentalﬁstwkala;hldng\mrdle two \samgﬁt"amts' iofy thér 'Lt esent
invention to su p he |t|ng
to obtain a cong{égﬁtél%i E?Mlg pﬁlalrﬁ(htgﬂrtt\?gn Oégﬁ% aér.&?'estﬁé% | dt en be
set at both 20 cumMatuze lmulderthmtbe/emsmmgogm anto dhei herd sde&-i on
points, 10 Sifie ctxﬁeah&ekdehvhﬁww&umnfw gﬂ k&‘écrbﬁ&ﬁrgs%‘?ﬁh ns and
W -| n

t ouchi ng bends | ook ar t
skilled in the &V8Yt i‘?ﬁmt a&c bend {ithe, %@@t\lm 1¥f Bgﬁijr&ﬁ

numer ous ways athiis? aHowing asstroke "boundaiyodt o ireadt thw bedp dshe preferred
forms parti cul a{ll;’1 % t out and described above. Accordingly, it S
I nt ended by the % ded clainms to cover all nodifications . of the
invention that fall Intaipreferredf embaodiment ofethe upresent iinventionanones ope

of the mvpgt ' Oihearlfﬁr%@}rﬁﬂuhﬂ €héen gﬂthaé%%dw r. each resampled point,

11 t hod recogni zin ten character conpoSed of a
plurality of i nthed agraye|of cusvigtures g@pmnie poings| mayatheng a

curvature deri Vﬁhbbﬁlé@'tbelﬁiﬁinﬁﬁéhaﬁ’fr Rnowa airtifactsf lﬁti‘Gdﬁé’&@Cb ithel s,
wher eby each cugvat.ure derivative, value r prese ts the rate g&aﬁ:%‘znge of

absol ute curvat HEIUZING PIOCESS, o STBE IHRS g.qnoo g 10 (ReT t of
stroke boundariskouldube ahstandard metlid whichlds yséleetedb based nomnthenked

i th a1 o Qur BRGRAE ARG VaptetSuts & ghg TR cafony ol o

such that each as’(mgmgodhnduahw of | acpoimt with Hts aredghbon paintske.
forwarding the Gpdightiny! tRECPoit Htseif Q@ HearsktCPaims!t Righeas o Hnidzer - |
replacing the curvature value of the point in question with the
computed average.. The size of the smoothing window used
25 here 's_hould ideally be wider at low-curvature sections of the
writing and narrower at high-curvatﬁre sections, to minimize
loss of important information in the smoothing process. Since it
is the curvature itself that is beii_lg smoothed, though, one '
preferable way to smooth is to compute initial curvatures,
30 smooth based on those curvatures, and then re- smooth based
on the new curvatures computed. |
In a preferred embodiment of the present 1nvent10n, for
each resampled point the absolute value of the curvature is
~computed by multiplying any negative curvature values by the
35 value -1. Preferably the_ absolute values are used in computing



12(a) 9. TAnethod tonprising the steps of:

cal cul at iwe g3k i Vatm@hﬁﬁtﬂ&‘ﬁe&ﬁuﬁ" gfor a plurality of ppifusosasey a

handwriting;and 5 ning fromthe derivative of curvature.
whi ch of the pl urallty H"m one of a plurality of

strokes of the handwi 10 A net hod according to claim9
wherein the step of determ ning fromthe &erivative of curvature
whi ch of the plurality of points define one of a plurality of strokes

includes 10  cudehiurendebivaniias| esather weitam tthe mctaal idurvaturesr vabsesyf t he

Step of defi nitfgeR nthe joxerafl. HikEared ShisSdithelts °yf, e RERGRC! [ 07

maxi mum and a ihvenfioni pronnsses atee omdy i con¢erneds with vtheursbarpness ofor each
of the plural igapgQf jP QPﬁ , and not whith' SifBctiond a? gNétPHeld Pet veen

t he | ocal Jmaxinmum and m ni.munm  an using the

nmi dpoi nt 3 t FAINESndary betvveen two of the pI urality of strokes if the

m dpoi nt i s greaterad fs@ated 8 PIG. 1 the process1Bext’ cakivlagsagfeor di ng to

claim 1l wherejn, the st of defining un arle urth i ncl udes
using the ni dS6Fivatlye (Qfc CHEYRRIEE 2 be%ﬁg'eﬁef%p "S Qrz&)i ty of strokes

if a dih ﬁlkefei-mmg tof Rigaredd, i thet Idbﬁlvahveuof/aturvature al poinyr Ratier thanha
second thres 1 rein the
step of defi nﬂ?g’nﬁdcﬁﬁrg’& &bs&ﬁ{;?%ﬁte 8? gﬁ’&%@&&d%& @mﬁg?ﬁr{nmrlu ﬁblwggset of
the plurdiQtythé ahsodutes value roficurvatuze t 4t pointc Rerlacdividedsby two 14. A
met hod conpri ¢ gg m&efﬁtp“eo%fofhe curve of glott dfﬂir@ﬂhﬁ'&' Pludsyler Fygireve of

curvature for 'a plura Itin

ts. al on
det er mi ni ng a9 dHystrates rﬂ!ﬁi’ﬁﬁ@ E’ |theade Vﬁitﬂﬁfm ¢ ohtaiged oat
curvature eachfp&memwﬁ ihhPigirer 2] | Simifarpo mhe us%OOf more than

determ ning a_,m dpoi n the | ocal maximum and .t cal ni num and
using the m dﬁB’Pn50 o P%cﬁ\lﬁ\%d Q}'St ﬁﬁ%ﬁﬂWﬁ?sqrﬁe(’SIg‘P st rokes if
t he- 15 nmi described saboweet ehet denvatnvbr of hourizature should be5 A net hod
according to [ er, I t he 35

m dpoi nt as t%bﬁgm éa‘rygﬁggta!\z/e‘g{r%ﬁa nWlB F{]gﬁ‘}é lﬁﬁ %?ﬁéétjftl(}ﬁ& a

curvature of twhere the re&@famappwsmsxw \aaduﬂenagrqawo oRec WP than a

second thres“gbihts versusliﬁf@e _where necessaﬂﬁ; Slﬁ@éhﬂh‘é deeivadived ofo clai m
15 wherein th det er'm n set, of the

nmet hod furthe Cll&gﬂq ag ftﬁ k
plurality of SHUFYALEES GATNOL FI Ca tedy at, the endpeints of the mk — ;7 )
met hod a@@or disegmient.cithe ndérivativei of acurvavateurat fire endpodnts \ist sinmeplyf

casena hroufael o ELANGR B HETaC the " ShrrBiARBhE RedBac] Y 7 "

of the plural p‘oynts‘ poi nts, and a succeedi ng one of the plurality of
points. 10 ' §mg aeRe.dign Clgai ﬁ%rﬁ%ﬁgﬂhtof t he
plurality of p0| nt s e?s r ni%‘? %’ tgné(l)g? | nbgecm aced, poi nts.

f the process next examines the newly calculate ay of

25 curvature derivative values to locate points where the
derivative is at a local maximum (910) (defined to include
points at the end of an inflection and about to decrease) or
where the derivative is at a local minimum (920) (defined to
include points at the end of an inflection and about to increase).

- 30 For each section of input (in time) after a local maximum and
before a local minimum, the m_idpoiht of the section (in terms
of arc length of the section) is located (930). This midpoint is
defined as M. If the difference between the local maximum and

" the local minimum values for a section exceeds a threshold
35 value T’ (940), and the absolute curvature value at M (810)

; »



19.: A net hod conpri si ng the steps of: 15 for poin ting
handwr,i ttewqwgi) %&R&B&gaﬁ!ﬂe

) cal cul ating a curvature 'val ue for each o )
poi nt s; determ ning a derivative for. the curvature value for
each of the points in identifying reference maxi mum and m ni num
derivative values and a md point value theg e between;
determ ni ng one or nore streke boundaries such thats= each stroke boundary

lies :20 bet geggee%&h%ggedeﬂfe\éﬁégwﬁéug"a@@f gcgégﬁnm Wsé’l@f:ieYlat ive-

val ue; € boundary points
associ ated wi't hapna m'ohe)rbonmdaﬂye (150) boundaries to recognize words or

characters represent gﬁg g a | TP Uinust l?éestlmateaoan a'@é
according to claim19 wherern curva ure val ue represe d ance

between a first Opr HecURisH mefWhié‘él [epryaturge 39§s§llﬁ\gatpfﬁ V%Wée ofI& he

points and ‘g measuchPC‘Iﬁbﬂg exagt ValhBs @@ bk crﬁﬂ@hlaa§tl% disngn one of
the points. net hod according.to cl,ai m 19 ereLn each of

the points is rEE'&FrﬁPB'd'aPB éb?’&FFFrSG“Og%&I i3, us6qc o gl PEFIQIMIng “any
22. A nethod aceﬂpmmmﬂ cuning 26f vthesei or earyn other hparametery foraced

poi nt's s - or Y PRl "LilbbRiARh: 5P e kivetiths, b el by @

digitizing proct
12(c)  goaBis Aomattainl segmentatign: whichi is 29 oprsistent aaqocmssm).nere a

pen lifts 1 o abros Q“hlﬂfl#fb mstance?sof'eﬁéﬂfdi'xlﬁ chathérek eclagserdar This >

24. A net ho r|5|n ints representing
handwitten i np léaﬂmdmengmplmalbt (e examining, chﬁgﬁf proced?;ret he

poi nts; seg mentsd%.?* ”éébdidu%%r la¢fiidlVSarhplest lof the wetiting velbe for
each of the poi nts |n. i denti fying reference maxi num and mni mum

derivative val uE&® m d point value there between;
det erm ni ng one or nineaédlltmim tbothel asélestedy stmkmrbmmdaryilp()mtEnce bet ween

i dpoi nt vhPue. Hescrid, bOity "WhEke /Bl Ken b Tiftdd Ur pBE WnCaRlANd
set of stroke bseleated) gsoistrakeashonndaryd points. obe ar prafemres: m'eochsnent

boundaries to rsfo z eﬁehghfi aCénﬁfv%tﬁ r&éﬁ%ﬁ@é-ﬁd%édhmﬁda&y

i nput . n aim 24 wherein the curvature
wval ue represent poalta.maa geS W&W%a asj twp Bplﬂtec‘tq Gﬁuﬁ%f&’ﬁ&i by a

Ilnet passi ng thf@t&nd@me tsh?vlgabnhbsé{uieacurvature ivabwe disngnaximabf t he

pornts, edl Q ol n

accor di ngnfg Qf %’Iéﬁ%ﬂﬁl%a r‘fm?ﬁ rﬁo%ﬁf’é’a&’e ggﬁ%@l%@“ﬁ‘g&@gt ain

equal | y spaced pomts,s location of the s@oke boundaryqaints regnt dec improved

wherel 0 gach of by adiHg! bys RBec bt Sof Soivature" dRA' B¢ ddtivitielse any
rodute y

known artifacts f U proce
met hod accor di nguEvature; yiekd thee rsempas bm%'ya pgh1$|?¥e§e¥fﬁ or |s put

down | appficateeh o6f Qhétpﬁ@n?%ﬂéﬁﬁbn is only done for a given
25 point if no stroke of less than three points will be produced,
however. | '
' The set of stroke boundary pomts in accordance w1th the
present invention defines a set of corrésponding strokes. These
strokes can then be forwarded to a stroke-based character
30 recognizer for recognition of the handwritten input.
The present invention and its preferred embodiments
relate to novel, more accurate methods of stroke segmentation.
In accordance with the present invention, in multiple instances
of handwritten input the input is repeatedly divided into a
35 similar set of strokes each time. For example, if the




30 29. A nethod conprising the steps of: for sanpl ed

points rem;@ 1 Ng handwitten input, resanpling the sarrplﬂ,mg,%ﬁg

to obtain equallTy spaced points; cal cul ating "a“curvature

val ue for each of the equally spaced points; calculating a
derivative value for the curvature value for each of the equally spaced 35
poi nts; 10 12(d)
determ ning one or nore stroke boundaries such that the stroke boundaries
lie behuggwrt lieV ug rang.: I oMpdgri vative
value; 5 hgﬁ e QHPHF is ﬂ?é VE%&aa g‘et 'W}'li’te?] Ee%oun ary pgi nts

associ ated wi thYoﬁéfféfe%W@l@SoI@be present Bavention cand oltf5e36©ﬁ¢i'§;Q§l wor ds or

characters repéﬂl%&‘iiﬂéﬁté hﬁoi‘@Wdrh divide; each tlme, the 3thput BEt hod
according to cI a| urvatqtge val ue re i,enta a di stance 10

e oan'S 7 ot Tfter ok Sale | & ¢, SCEMENtAHOn;, POURALEH P ho
- equally Spﬁcedregardless obi thesvmdneeS)rofCehb ndifferent fwtitersequSaidly spaced

B et hod aSHORE: ePeRlitg 486 in, providllh moe REGRALP " O
points is 15 interpretationt bynianistroke-bagednoogognizer.act s i ntroduced by a
di gi tizing process. TP°¥t skilled 1€’%hepnﬁemﬂdfﬁﬂ39ﬁﬂﬁ‘gexgﬁ?l nedﬁ?szgf"mere' n

a poi nt where &pen s up or I's as, a stroke

boundary. e presemt invientiong teoﬁﬁ)r‘ﬁ’%\,\g tQ@est&o‘H‘f extension 1s f or
sanpl ed ppont Sfrbﬁpr&%eahsélmﬁmdt hafdwiitiig desesibeli herd o ﬂMﬂJlon

b I
urvatur e val (ESRENE UG hhe oReITAr BB of seementation of Mifehel' ' " °
val ue represenisi indepetidentnof thet method fafr segmentingt icharabtérs;eandy a |ine
passi ng through,g5, %cgmrﬁﬁﬁe fwhﬂﬁ'n E‘zfiP@Jv' ﬁr&é&%@%e@‘l ’&h?sﬁ’r@d“ﬁu{?ﬁgcﬁﬂ g one

of the equally spac one of eqdal l'y
spaced poi nt s;readily make use (,Qﬁ dh¢a§ﬁﬁ§easmﬁﬂbﬂﬂ% process edesaribadir e

val ue forg SaChhéi% t hAnRdihéY 'e‘fnﬁtﬁ?&ﬁﬁéhﬂo‘%i/ﬁla be the sé'gmé'ﬁﬁttid‘m/'d”fg reference
maxi mum and m ni nmum, derl\( ﬁﬁp yalues in, (&PI nt aI ug@&f

bet ween: 30 . Scanned, Oryo0 fi n&'rl%‘%g'oﬂmr?orsg Soke bBE uwvard

corrpa]EI ng a ﬁl oﬁc@pdyingaethetpresent inventioni tmmwhdgmaslmmmddr bea:} i YS
to a first thres esho
and to %hg‘?’?‘ﬂdﬂ’éﬂimge mé m%oéﬁnggfﬁﬁpg ﬁ?gs%g%o itd;@ed W th
one or nore stinkkeurve. Strolqoodnwadaasswouldc@benzbemtdat botkhar acters
representy §g té’lﬁg%fﬁh%"‘”dér&@d{}ﬁ%&k d3 oints and at_ intersection gon%)tts he

12(e) accor to clg 3 ereln ea

equal | y spacedsip6e nthe | gc ma%heal panmmnmvekeéngnm 190§ i
i ntroduced by uéhiig i Béris noonesﬁmlﬁr

It will be apparent to those skllled in the art that the
disclosed mvenuon may be modified in numerous ways and
25 nmay assume many embodiments other than the preferred
forms particularly set out ahd described above. Accordingly, it
is intended by. the appended claims to cover all modifications
of the invention that fall within that fall within the true spirit
and scope of the invention and its equivalents.

30



"_35.'A rret\rll\ﬁpl as%%)srdl ng to claim 33, wherein a point where a %}ﬁéﬁbwp or

is put, do S5i s defined as a stroke boundary.

1l 3 5. A nmethod of recognizing a handwitten character conposed of a
sequence of points, each point conprisi ng at least. two spatial coordinate
val ues, conprising the steps of: ral cul ating a curvature

derlvatlve val ue for each of a pl urallty of the poimts, whereby each
curvature deri vm'l\lﬁs\mhmn'ﬁsfesents the rate of change of absolute
curvature at the correspondi ng point, -- selecting, a set of stroke
boundari es. such thal. each smethad mﬁmaaogmms aehmdwratq;bmarw{en a hi gh
curvature deriv I CofedinkBd Pl

derivative val u@&fnb%s&f& HP ﬁag’g‘éﬁlﬁg gfset ofl Et ro Pnﬁ*ﬁ?/hgitg \eégé h stroke
boundary is Iocﬁfed at the end of a stroke, - -- forwarding the set of

strokes to g stroke-basedcgltnlatther a r CGR@bhes derivative/@alié Sfpt8Rach of
PCT/ US95/ 05409

The net hod of CkaPIHIBLER O the; iuked, pixels.; whereby e?‘ﬁ%ﬁ%ﬁwpur e
derivative val udetinatizel vahid y'epmems the rateurofatchangeeof valtsolateval ue, and

~ the succeeding t derivative value has a
| ocal Iy m ni nmal %‘é ur ﬁ: _qhe cgrxjegﬁ’ogﬂfﬁg\gﬁrx‘al The
net hod of O ai m 6 wher ei nsd&Gtht poset of stroImnblam;dam@% sichy tb.at Rachi dway

bet ween t hggpoi §‘Erolééti90 M Ped! bétween "Bl i Pmﬁ $AtH V4 tHiga val ue and

the point wth m ni mal curvature vat| val ye.

8.  The net hodc'b‘f"a(tjl%ﬁ estygtive. valug cAnd A pRacceeding, erlwleéwah 8
poi nt of Iocal |10W&hﬂﬁitu&b$dbﬂiv&tw wailueg 1 5 value. -

égl f:ﬁl) ating a deri vat| Ve”ﬁc@@ﬂ*&,&"ﬁ;é%&réﬂ% u%‘i&? '&aﬁ)fcaﬁ& ﬁnggl ong a

handwr i ti ng; andbosndary is locatede@erthienend 6f @mstiokederivative of curvature
whi ch of the plurality of .pRiiengleid Wast one st?Bke Ofefuft q,ra%ét%rof

strokes-of the handwiting
- each stroke to produce a character feature set, N
using the character feature set to determine the

identity of said handwritten character.

i
L Ln



10. A nethod according to claim9 wherein the step of determining fromthe:"
derivati Veygosmagss Of curvature which of the plurality of pgichvsesessose one
of a plurality of strokes includes 10 defini ng boundari es between the .
plurality of strokes of the handwiting. 1 1. A nethod
according to claim 10 wherein the step of defining boundaries includes:
determining a local maxi mumand a |l ocal nl 8i mum of the derivative of
curvature for each of the plurality of points; 15

de_t'erm'tﬂi ng_g m dfonnttgqhgem”eéhb& gﬁzﬁlaiﬂiiili mnafrenﬂ thbleixikedabixélpwitlm' ; kand

usin e midpoi as_the _boundary. .between two o [ of strokes

TR . PR Riaonr VR, BfvieibE, WAEE AR B p0dP ' daRidal ©) %t

met hod accor di cgrvaturs aderivativevrealsen amd theesusceedingniingedopixtdr i es

further 20 (af UiqReSibdatale BRADRLDE, il BalOHNHRRILP ShlifERI o of
trokes 11 a he

the plurality T a ~curvature o erivative of
curvature §s” atervagnee derivagiven valiead t hreshol d. -13. A net hod
according to claim 12 wherein the step of defining a character further

includes determning a sgt of the plurality. of strpkes which will identify
a character. . ﬁ?ﬁ. m@‘H@‘Elh Mﬂsﬂmft?% ?FEQ?BI‘F
cal cul ating a Beuhdaty \liesooncar paint enidway Idtweehni the dinkedi pixelawitly a

of the der Lvarlopally marimel Fafvabite"efiyaBR i R REE Tpked L T

30 10 witherlocallyg minimalocnrvatereederivativeoyalugraxi num and t he

| ocal m nimum and S usi ng the mdpoint as a boundary between
two of the plurality of strokes if the_ . - mdpoint_is eater than a
t hr eshol d. S 1§h¢m11%d°€c@3ﬂ@i dg W‘fﬁ%i%hﬁmﬁ& ein the

net hod furt her pousdargedieds ondat peimd of lodalBPahakimal tabsohnencarvatiet ween
two of the plurality of strokes if a curvature of the derivative of
curvature is aY&&reater than a second threshold™

15( b) 15 16. A nethod according to claim 5. wherer he_met hod
further includes determ ning a set of the pl} tiHay'e'of_ strokKes which
wll identify a character. 5 17. A métho : 9plicdyl ai m 9
wherein a curvature for the derivative of curvaturfé /Z”W di st ance
between a first projection defined by a |ine passing t of the
plurality of points and a preceding one of the plurality of pornts, and a

succeedi ng one of the plurality of points—36—— __ _  18. A nethod
according to claim9 wherein each of the plurality of points is resanpled

to obtain equally spaced points. . 19. conprising the
steps of: "1 5 for points representing '1 ”’mﬂﬂl
calculating a curvature value for each of #hec il

determining a derivative for the curvature value for each of thé& points in

i dentifying ref erence. maxi num and mi ni num derivative val ues and a
m d point val ue. there between; _ determ ni ng one or nore stroke
boundari es such that each stroke boundary lies 20 bet ween a hi gh

derivative value and a succeeding | ow derivative val ue; and



‘defining a set of stroke boundary points associated with one_gr troke
boundar i es W@9¥¥d%yni ze words or characters representing the PCIR

i nput . 25 20. A nmethod according to claim19 wherein the curvature
val ue represents a distance between a first projection defined by a
~line passing through one of the points andqa precedi ng one of the
points, and a succeeding one of the points. 21. A net hod

according to claim 1% vvherﬁl n Ei\:ﬂocri Qg thwl nts 1 L el ndg*xgra%%fa' n 30 |

equal | y spaced poi nt
wher ei n each of domsp Idfyaswamhcpooﬁt points, each ‘pointooomprising nthseei ze

any known artif n _
15 ( ¢) as%ra&gg é%ﬂgﬁﬁgd é%:'geosr’dlg?l{nbﬁsm$al m %Sé%nerel a point where
a pen lifts up or is put daleulating a |c;uru@mr9edera¥aavst value detinepsh of 5

24. A methows co rﬂlﬁ zflgtai E théPpoitits, whereby each cquaﬂilQb n&énvaﬁvesentl ng
handwritten i np

| ati ng a curvat fo
poi nt s; value repressntsnihey r&t‘iie?#\&qng@ pof,a h@“g%r‘?}‘éﬁvﬁpge\/éltue f or
each of t he poi jhe lcaﬂ-gs'gahuiﬂgn oil,lﬁ ref erence nmaxi mum and mni ni num .

determni ng one or nor o sttebeits et ot ke Hollihries. such, et cagh, e

t he maxi rmrokmcboundaw nliésr betwéere a (painti with tahrhighorureature he

m dpoi nt vglge t 4h 1.?6% ith a low cudfhtuteng a
set of str kdle b‘%’rﬁ-glaar'i poi n?s assom% hﬁﬁa%agto‘r” trmre stroke 15
boundaries to r&mymtzv,semmeor characters representing the handwitten

' nIOUt t 35 tA etRGAg aﬁcﬁtd?t‘%tiﬁkﬁfs' %ua&%hmea?hns&dgle? cur\éaL ure
val ue represen st anc nafirs proj ection defined by a
| i ne passing thr aBYlelsofo‘iq{de%ﬁ ﬁﬁ% %ﬁfﬁ °§a ©: preceding one of the
poi nts, and a succeedi ng aatculatinge apoleass . oritd stroke feature6 valuendohod

accor di ng t.Q gl %I(?lcnh troﬁ’@eig Brcd%%%%f Chgﬁgﬁﬁi ?egtdré lsarrpl ed to obtain

equal l'y sp ccor to claim 26

wherei n each of the equal lusingathel gharacteri feature setsmo eteaminenthe i ze
any known artif t ppd d t iyl 0oCess. 28. A
nmet hod accor di nga%ﬁncf of g@ﬂmﬂyﬂﬂgﬂgmﬁt tgﬁe a pen I|fts up or is put
down is defined as a stroke boundary. 30 - 29. A net hod
conprising the steps of: for sanpled points representing
handwitten i nput, resanpling the sanpled points ‘to obtain equally
spaced points; calculating a curvature val ue foor each of the
equal |y spaced points; : calculating a derivative value for the

curvature value for each of the equngnts;
i

/\

o



15 (d) - _ determining one or nore stroke boundaries such that the

stroke bowpdasi ﬁ lie between a high derivative val pereskiie
succeedi ng | ow derivative value; 5 and . defining a set of
stroke boundary points associated with one or nore stroke boundari es

to recogni ze words or characters representing the handwitten input.

30. A nmethod according to claim 29 wherel® the curvature val ue represents a
di stance 10 between a first projection defined by a |ine passing through
one of the equally spaced poi nts and a preceding one of the equally

spaced points, and eedin € 0f, t.he al | pacgd points.

31. A net hod accorcﬁan C@‘%I'ﬁ?ﬁ%"%%@@ﬂl seé@lerﬁfnt {Pz ﬁ’s ced
points is 15 hlghrmnt\hndre aderivative evalug hasva hrdaﬂlyaahax:ma]r oduced by a
pornt wheve’ = SBEREmre, derjyative, Yalyd) BGfe GRRepaiiy irbil wHCE RELEI @
boundary. 5 2dow curvatureAdnmmecme shagy & Hecgllypmmal curvature

for sanpled lee‘i‘i ti\i’é’r9§ﬁfﬁ' ng handwitten input, resanpl ing the sanpl ed
poi nts tain equal ly spaced points; calculating a
curvature val ue for ‘each of the equally spaced points, the curvature

val ue representing7a di TienqeethoidvofnClaim rétwheérigcéach savkiened by a |ine

O theequar | poupary, B8 L 4 TSl Bilva” BERYeE, O gﬁﬁoﬁvﬁf\eﬁg?l v

spaced pditht slocally maximal cmactmeatdergvatncbarvalneu andf the tpeintu ure

val ue for eaclfjo@g ﬁllﬂf"%!%ﬁ%fi@ @éi'l%.ﬁve value in identifying reference
maxi mum and m ni erirvative values In poi nt val ue there

bet ween; 30 determ ni ng one or rmre stroke boundari es by

conparing a differ gnce kFHe‘"@ﬁéthbﬂeof Claim 'S Wvher@innéhcdl Ridoke derivative to
a first threslsold and .t he m dpoi nt t hr eshol d; and

defining a se dQWJP(%S oteld] b&ﬂﬂgcg&o@%@&?vﬁhsﬁhbtﬁe CYFVaHYFR stroke

boundari ¢$ t ovatuegni ze words or characters representing the handwitten

input. 35 15(e)

34. A nethod accordi ng to claim 33 wherein each of the equally spaced
points is snmoot hed to mnimze any known artifacts introduced by a
digitizing process. 5 35. A nethod according to claim33 wherein a
point where a pen lifts.up or is put down is defined as a stroke

boundary.
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