TN

ROBUST" PROTOT ¥PE- FSTABLI SHVENT | N AN ON-LI NE HANDWR! TTE@TF@RJ@VW@'

S;?}EWI -Thi's ¥ nve .. generally to handwiting recognition
SWeL ens and, in partlcular relates to a nethod for establishing and
managi ng a set of synbol and stroke prototypes. Synbol s, such as

handwriting, when traced on an electronic-tmbtet are represented by
sequences of x-y coordinate pairs. A fundanmental unit of handwiting is the
stroke. A stroke is con5|de(;e % rassequence of points, represented by

their respective x-y- coord qﬂg§é~§nﬁlby%drﬁ%ﬁbPh a stroke is

consi dered to be the- wr i

condi tion of -a handw i O DL NEBY L €8t _Cha re
assenbl ages .of such st :;w 1\1“;" At e ' S Livd!
systens enpl oy curve ma AR LIS R ft an unknown i nput

synbol against the nenb- .ynbol prototypes or tenplates. As
such, the overall-accura _ ’ '
' This inve % s generally to handwriting

recognition systems and, in particular, relates to a
method for establishing and managing a set of symbol
and stroke prototypes.

Symbols, such as handwriting, when traced on an
electronic tablet are represented by sequences of x-y
c¢oordinate pairs. A fundamental unit of handwriting
is thé stroke. A stroke is considered as.a sequence of
points, represented by their respective x-y coordi-
nates. As employed herein a stroke is considered to be
the writing that occurs from a pen-down to a pen-up
qondition of a handwriting input device. Characters
and -symbols are assemblages of such strokes.

Many ;eal—time handwriting recognition systems employ -
curve matching techniques in order to match an unknown
input syﬁbol against the members of a set of symbol
prototypes or templates. As such, the overall accuracy:
of the handwriting recognizer is a function of the
quality of the prototype set while the speed of
recognition is a function of the number of members of
the prototype set that must be examined. It is therefore
desirable to provide a prototype establishment procedure
for use in a real-time recognition system that optimizes
both handwriting recognition accuracy and speed. To
achieve this goal the set of prototypes should exhibit
the following characteristics.
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of the handMW|L|ng recogni zer is a-function of the qualltyrof t he prototype
set whil-e the speed of recognition is a functlon of the nunber of nenbers
ofvthe prototype set that nust be exami ned. is therefore desirable to
provi de a prototype éstablishment procedure for use inh areal-tine
recognition systemthat optim zes both handgriting recognition accuracy and
speed. To achieve this goal the set of prototypes should exh|b|t t he
foll owi ng characteristics. - YO 990 115

- 2- Firstly, theisstlyf gheotssty o miohatypeshshould @hidi&nt cover age.
That is, the set ghepf ?iéﬁt}’%’ire?&é J 9R 3EN ehaesderof oteeypesponds to

each dlstlnct manner writing en char acter ol nthis
regard it is al soShewlq ganraima t"??é‘:i?eé'c(fg‘ﬁ FBﬁrﬁ%%‘é‘issma’S e@&babl e of
operating with vadistimss nzatneaeofs witidingx pr gdévennchamcten- brne, or
real -time, handwp ! ?ﬁpg&ﬂfﬁn%é‘m’ RO gt &REoséésf'Pﬁ}iedthQQa\:hé

enconpass varlatlo Lrection and. the shape of the
consti t uent strokéeéﬁg%iﬁkﬂﬁﬁPHQQﬁsﬁnﬂéaqﬂ@ 6|9§h°%%¥ﬂﬁﬂng with

variations between symbol expression. For on-line, or
real-time, handwriting recognition the prototype set
should ideally encompass variétions in the number,
order, direction and the shape of the constituent
stroke or strokes that make up a given symbol.

Secondly, each member of the set of prototypes should
embody é "good" representation of an acceptable manner
of writing a corresponding symbol or character. That
is, the set of prototypes should 1dea11y be free of
prototypes that result from aberrant, or "maverick",
; symbol expfessions. As used herein a maverick is

considered to be a piece of writing that is different -
than that intended by the writer. )

Thirdly, the individual members of the set of
prototypes should exhibit a sufficient degree of
separation or distance from one another in a prototypé_
"space" so as to reduce‘the processing burden of the
recognizer in selecting the prototype from the set
that most nearly matches the constituent stroke or
strokes of the input symbol. ’

One prior art handwriting recognition system'that uses
the curve matching method mentioned previously is
described in an article entitled "Word Processing with
On-line Script Recognition" by W. Doster et al., IEEE
Micro., vol. 4, pp. 36-43, 10/84. This article
describes a segmentation process for handwritten
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Secondly, each nenber of the set of prototype : .-nbody a "good"
representatlon of an accept abl e manner of ' 8, ng synbol or
ckaracter. That is, the set of prototypes S e of

pr ot ot ypes t hat result from aberrant, or ana {pr essi ons. As
used herein a maverick is considered to be % pi ece of MW|t|ng that is
different than that intended by the witer. “Thirdly, the individual
menbers of the set of prototypes should exhibit a sufficient degree of
separation or di St&&%of:é?@ ONgn A Yhlie chdk A H¥0 QY Watd' £8aB€" c&fbatted O
reduce the processi urdeg of the recognizer, in selecti,ng,the prototype
fromthe set that tReLf ?r?ﬁ?%r%@,a’f?fg‘%ﬁa}‘f%tanst"FSaElﬁ?lst rokes of-
t he i nput synbol . nuMBGE pfloonme¢tédﬁtmmetseqmennsxﬁﬂﬂﬁ)on ay€Lenig hat uses

the curve matching kad t V, [ ticle
entitled "Wrd Proéggilg bgfghéep |ﬁ%ﬁé%?ﬁ?#ﬁggéﬁgE&%&%ﬁﬁgg%igﬁﬂeqiter et

al ., |EEE Mcro., Storl us4lS ppR epnbact (wiigy a faklel+ The ayEberspgtate

segnent ati on pr ocea&tf @h bapdwiméhesnl préyHd fidhd on-line script
REPLACENMENT SHEET

recognition includes components for interpretation and
presentation of intermediate results of various '
processing steps, and components for editing a
reference symbol set.

Another prior art handwfiting recognition system that
uses the curve patching method is described in an
article entitled "On-line recognition of hand-written
characters utilizing positional and stroke vector
sequences" by K. Ikeda et al., Proc. 4th Int. Jt.
‘Conf. Pattern Recognitiod, ﬁp. 813-815 11/78. The
authors describe the use of a spatial filter to obtain
sampling data 1ndependent of the speed of pen movement
and that re]ects noisy data. Recognition of a stroke
shape is aqcomplished'by matching a stroke vector
sequence against a shape dictionary. The.authors
employ a concept of similarity of stroke shape when
matching inpu£ strokes to shapes in the dictionary and.
state tha£ the number of strokes is a parameter for
primary selection.

It is an object of the invention to provide a method
to establish a set of character prototypes that
provides sufficient coverage, adequate representation
and sufficient separation one from the other to
support the on-line, real-time operation of a
character recognizer.

This.Sheet Has -Been Re{ila ed
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3 characters. An input character is said to be conpared only to reference

charaéter; havi ng an identical nunber of conng _ (CLS). A
CLS is said to be a.string.of coordinates gene f@%sﬁﬁﬁTHAaﬁﬁaN IS i
contact with a tablet. The authors state that ex FEPLASEDal pr

on-line script recognition includes conponents for iInterpretatromn and
presentation of intermediate results of =varfouns processing steps, and
conponents for editing a reference synbol set. Anot her prior art

handw i ting recognition systemthat. uses .t C | -had
described in an atfi ¢fe?e "E‘i’ftq'feé:d Q%B?-clii Q& Eggog{ﬁ?;%?g%&%m%%ng-wﬁgt ta:afl
characters utilizimeghogoté timrextachivedyr estabdashr assgledf GhandetRr | keda
et al., Proc. 4thdkotybes @n dOWACh iBeeBMPkibea, oPPan &kandlfe ofl/ 78.
The authors descrihe the usg of at 1 al fl|% r.to ogtaln sa Li@p dat a
i ndependent of t h&&pded®s %?Fm&?éﬁte ffd© %ﬁ‘fmﬁgj P8 ot a;}RH‘ﬁ a.
Recogni tion of a stessienghapd @q;a&snnqaﬁabﬂéahby setchfngtroka r oke vector
sequence agal nst g, ?ﬁ %Q\'Aﬁéér?’@f Xf]hi-gileiQUEBﬁxb%iQE@ 8¥ an CARSRRe OF

simlarity of stradke en matchin npyt strokes _to sha in the
dictionary and st &i@idAELYt RRIPRRT %%Fkﬁﬁége%sfﬁ°ﬁaF§ﬁE§% eﬁgr _prinary
sel ection. averaged character protSifividiéRY OF THE | NVENTI ON It is

aP oEject of the present invention to aneliorate one or . nore di sadvant ages
of the =

The objects of the invention are realized by a method,
" and apparatus for accomplishing same, of generating
sets of prototype symbols and strokes for use in a
handwriting recognition system. The method includes
the steps of (a) inputting a plurality of strokes each
of which is a constituent stroke of a symbol or
symbols; (b) forming'from the inputted strokes a first
set comprised of one or more symbols; and (c) averaging
at least one characteristic‘of.similarly formed
symbols that are members of the first set to form a i
second set comprised Bf proﬁotype symbols to which,
during the use of the system, -assemblages of input
strokes are compared. '

The method further includes the steps of (4)
identifying a symbol or symbols of the second set that
corresponds to only a single symbol of the first set;
énd (e) deleting the identified symbol or symbols from
the second set.

The method further includes the steps of (f)

. decomposing into constituent strokes the prototype
symbols of the second set; and (g) forming a third set
comprised of the constituent strokes of the second set
to which, during the use of the system, input strokes
are compared. The step (g) of forming a third set

YO 990 115 " This Sheet Has Been Replaced
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prior art. ~According to one aspect of the present invention there is
prOV|ded a method of generating a set of prototype aYaut in a
hasdw i ting recognition system conprising the{lstrpsSHEET Hp(g)g(ggm o a
plurality of strokes each of which is a constityent sREPIECED a.sy ol or
synbols; formng fromthe inputted strokes _a fi Fst—se—comH Si==sacs g=df one or
‘nore synbols; averaging at |east one- charébterlstlc of S|n1IarIy forned
synbol s that are nenbers of the first set to forma second set conprised

o; pLot ?t yltoe iyrrqqicidd@swal ggepd&flamextata tetofleht%%t ohgst em i’alsse][rblt ﬁges

of input strokes ar are Si rototype. s ols e
second set into c%f?srﬁ %ggf'rf tipy %ﬁ ’;'rf’chf%ofr]ﬂ H%%@H%E&tgéfq?c%%&%se'd of
the constituent strokes of the second set to whi ch, during the use of the
e present | nverned 2nCAFBSEBhes vich g aRRbe sacpect o
prot ot ype synbol sp’%ﬁ?’d'dﬁgoﬁo{"%]é t?%k%%t‘%@r"%@\?q i §q%aﬁ’ \/\FY’E‘P& nd

recogni tion syst eshraimmrloszongpehetha’epmaifudqsr @ iuieny iatesactnﬁel?ne system
with means for v&t&;ﬁ&w offbhfiad £5 %A %é@l@ﬁe&ﬁf%%%'tﬁlﬂnofrw%

system responsi to I nput omthe user,
prototype manager function of a handwriting

recognition system.

The above set forth and other features of the
invention are made more apparent in.the ensuing
Detailed Description of the Invention, when read in
conjunction with the attached Drawing, wherein:

Fig. 1 is block diagram of a handwriting
recognition system that operates in
accordance with the invention;

Fig. 2 is'a block diagram that illustrates in
greater detail the character recognizer 18
of Fig. 1;

Fig. 3 depicts a training set of charecters that is

input to the system;

Fig. 4 depicts a set of the input training
characters (CHR) and corresponding set of
averaged prototype characters (AVG);

Fig. 5 depicts a set of averaged strokes (STK)
generated from the AVG prototype set;

siSheet:Has Been Rey laced :
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inputting a plurality of strokes each of which is a constituent-stroke of a
systemtraininng synbol or.synmbols; formng fromthe inputted strokes a
fizrst set conprised of one or nore synbols; respopsive to a conmand from
the user activating the prototype ranager function avéraging at |east one
characteristic of simlarly formed synbols that are nenbers of the first

set to forma second set conprised of pretétype synbols to. which, during
the use of the system assenblages of input strokes are conpared;
responsive to further comands fromthe user activating the protot¥pe
manager functi onFifenfi fyi¥y) % LeWoehagt Ehabot11eFtIders & MfFhogePLt hat
correspond to a maverick sygwdbdinvehtiioa;fandt set; displaying to the user
the maverick synmbol or synbols; and del eting specified ones of the
identified synbol or synbols fromthe second set;. and responsive to a
further comand Fi@m he uFEAPHHAELIF AsEicks Bhet eP§RRti®RMiger function

deconposi ng the remai ni ng EsmMptinre correebsnadinghstsekes dassiciated
constituent strokes; avera‘git[_}g sg;n?ﬂoel%Stofolﬂﬁ ngnéécgfﬂaéiifaﬁél s& i larly
n g ChiTd set ¢

formed constituent strokes] rrormng S onprised of the
average constituent strokedetgrnine sedegyeseto vbighi the e iSIBRHE use of

the system input strokes gfesiGURY ede similafegoEHApEdl o still -anot her
aspect of the present invention there is provided handwitten character

recogni tion apparatus conprising: nmeans for inputting a plurality of
strokes each of Refieriring tiocBigt it udeirestisokbowh Anshibdok dkagnamol s

sel ected for traigiRal BRaSYStE&MrdERNN iR sht&inngof £Rat t hgciudus ted
strokes a first %&%m%%ggikggdpfgcégg%énifnggapiégpggiﬁeggagg éfgctronic
‘tablet 14 and a character recognizer 18. Tablet 14 can
be any of a number of suitable commercially available
electronic tablets. The tablet 14 has an- associated
stylus or pen 15 with which, in a pen-down position, a
user forms symbols,  such as block printing or script
P alphanuﬁeric characters, on a surface of the tablet

14. The tableti 14 has x-axig and y-axis output signals
'expreésive of the position of the pen 15 on an x-y
tablet coordinate system. A: stroke capture device 16
may be a software task which intercepts the x-y
outputs from the tablet to generate x-y position pair
data for the segmentation processor 12, Aﬁ output of
the segmentation processor 12 is data expressive of

’ connected strokes and unconnected strokes. This output
data is input to the character recognizer 18. The
character recognizer 18 operates to determine an
‘identity of a connected group of segmented strokes and
has an output 18a expressive of identified symbols,
such as alphanumeric characters. The present invention
is directed to the operation of the character-
recognizer 18.
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averaging at | east one characteristic of simlarly formed synbols that are
menbers of the first set to forma second set conprised of prototype .
syibol s to which, during the use of the apparatus, assenbl ages of i nput
strokes are conpared; neans for deconposing the prototype synbols of the
second set into constituent strokes;,and: rifeans for formng a third set
conprised of the constituent strokes of the second set to which, during the

use_of the apparatus, input strokes are ¢ r.ed. . ding to yet
anot her aspect (ﬁ‘ltb’r?é‘gﬁ‘r §g8HP A8V BRPIAS ﬁg’gg’%il?nﬁr 8’\%*538@&%? hod of Y .
generating a setrexligedt thupethgnbegmentatione pnocessandhe i t ¢aRLWRR ogni ti on

system compri siqig,; 4 65 hGAScRbrabblk! tddihri Alund iy 8115k okes each of
which is a constituent stroke of a s ng from

] | - . mbol s f '
the inputted st reRedigd pssprograg 'i‘:g%%l g &%Bﬁggesgﬁ}gﬂa%ltgtrg and
aver agi ng at Ie&pﬁocyssimbasgstemLsPreseﬂtIyrpﬁeidn¢eﬂphnedwsyebols that are
menbers of the Jidiforie! 1h8108EMa PAAORELIRC kTRl SRMep! aPK 0l yPe

uring e the

synbol s to whicl, use o syste assembl ages,of 1nput
strokes are conRi éBM PS/2 running ummﬁESé%ﬁbﬂl CORTTRE PREFER
EMBODI MENT(S)  and 0S/2 are all registered trademarks of the '

International Business Machines Corporation).

It should also be realized that the teaching of the
invention is applicable to the recognition of a number
of handwritten symbols wherein a given symbol is |
composed of at least one stroke. By employing the
teaching of the invention the system 10 may readily
recognize symbols associated with written characters

- of various languages and also mathematical and other
types of.symbbls.

Referring now to Fig. 2 there is shown in ‘block
diagram form an embodiment of the system 10. A character
recognition function 24 is bidirectionallj'coupled
during use to an application program 20 to which it
supplies recognized characters 18a and through which
strokes from the tablet 14 are passed. Depending upon
the function of the application program 20 the appli-
cation program may also contain a filter 20a for
selectively passing strokes to the recognition function
24. By éxample, for a text editing application hand-
written symbols that are positioned within a body of
text may be considered to be textual insertions while
symbols appearing within a margin area may be
considered to indicate editing functions or comments.
The application 20 may paés to the recognizer 24 only.
the strokes associated with what is assumed to be
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The abpve set forth and other features of the invention are made nore
apparent in the ensuing Detailed Description of the Invention, when read

i n=conjunction with the attached Drawing, wherein: Fig. 1 is bl ock
di agram of a handwriting recognition systemthat operates in accordance
with the.invention;, Fig. 2 Is a block 8diagramthat illustrates in
greater detail the character recognizer 18 of Fig. 1, Fig. 3

GeBbeS & Ll Dot e tbbonand, o08 e el MSTkreled o

21; Cof avera ed&gﬁl@}%htﬁf?Km&r@h&uﬁ&t%ﬁs(A!SiG)geneEiaj_, khe depicts a

“e! °f, aver 0e0 ShEPhEon] Skl IR A el YL AR NGB Rt es,

i nvention: and or otherwise consumes the recognized characters. In
accordance with one aspect of the invention during
'character and stroke prototype.establishment the
application program 20 operates to interact with a
prototype manager 22, as described below.

System 10 includes the aforementioned recognition
function 24 that operates to compare input strokes
from the segmentation processor 12 to prototype '
strokes and characters stored within a local, on-line
prototype storage device 26.

Prototype manager 22 is comprised of a data base
manager and an associated collection of functions used
for establishing stroke and character prototype sets.
The functionality of the prototype manager 22 is
invoked by an application 20 employed during prototype
generation and maintenance. Prototype manager 22
operates to control the protot&pe storage 26 and an
associated file input/output (I/0) 28 that provides
access to ‘off-line storage and retrieval of the
prototype seté.

Prototype manager 22 operates, under control of the -
application 20, to create, edit and delete prototypes
"and to execute prototype query functions. In a
presently preferred embodiment the prototype manager
is comprised of a plurality of functions written in
‘the C-programming language, the functions being
invoked by an operator though the application 20.
These prototype manager 22 functions are described

* below. In this embodiment the application 20 functions
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Fig. 7 graphically depicts the operation of conpari ng

correspondi ng strokes associ ated with synbols of the sanme synbol
| abel to - ‘determne a degree to which the two synbol s or
strokes are simlarly shaped. Referring to Fig. 1 there is shown in bl ock

di agram form a character recognition system 3 that includes a segnentation
processor 12 coupl ed between an el ectronic tablet 14 and a character
recogni zer 18. Tablet 14 can be any of a number of suitable comrercially
avail abl e el ect r oa$ ;an giglexadorThatezbpee 4o thes PIOtRSYPE| BRBYI’Y y24s or . pen

15 with which, ingge r@gf]blci@é&ims 20 Qﬂrtﬁeﬂ&%iﬁ@rdmp?babe&ansupérmbl ock
printing or script.a anuner,i c .c acters., Qqn s o] tabl et 14.
The tablet 14 hasé&s-%%%q'frﬂu??hgggoﬁpgu?n s?pg?fgqti?%re%pg’ggsé‘\?{e'gg?'t he
position of the psuchHmsm XeyboprdaBlet coordi nate system A stroke capture

device 16 may be a software task which intercepts the x-y outputs fromthe
tablet to generatge x-y position pair data for the segnentation_processor
12. An output of ?ﬁ%té@ Niae il &zoé&go‘?pi’?‘*f? 3%??5%‘?5?555?6@ of
connect ed st r okesoptinize Eructapest bykperfmming mmokotyzeaaveraghng .t o t he

character recogni zepod8.p, i%ara@,fat Sk rbRE 0GR GSInglS ThRekaLaEibasdet er m ne
an identity of a connected gr.oup of segnented stro aszcand has an out put 18a

expressi ve- of i defPRFRElPRS Afo|the PFOROLEPY | PARAHRTe 4% TRaraEPers. The

present inventi ondesceibeadtiag detaille beflewati on of the character recognizer
18. .

Fig. 3 depicts an example of an input training form 30
employed for providing input to the prototype manager
22. During a training session for an exemplary
vocabulary, consisting of the characters "a", "E", "H"
and "I, a subject is provided with a training sample
. 30a. The subject writes with the stflus 15 upon the

"tablet 14 the individual labeled symbols of the
training sample 30a to create a plurality of strokes
that make up handwritten characters 30b. The strokes
are captured, segmented and provided to the recognition
function 24. During a typical training session wherein
the characters 30b do not touch, or “run-on", the.
recognition function 24 inputs the strokes and performs
default character recognition based on the known
lébels of the training sample 30a, and provides
recognized characters to the prototype manager 22 for
storage and processing. However, if the characters 30b

" are written such thaf they do run-on the recognizer
can also employ any-already existing prototypes in
order to separate the run-on characters and associate
them with the known labels.
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YO 990 115 . ~-7- - Al though shown as
separate functions it should be reallzed that the segnentatlon processor
12y capture device 16 and character recognizer 18 may all ke enbodied as
program nodul es running upon a single data processing system Presently
preferred hardware platforns include an | BViBT=-PC runni ng under Al X and an
| BM PS/ 2 running under OS/2 (IBM RT-PC, PS/2, AlIX and OS/2 are al
registered trademarks of the International Business Machi nes Corporation).

It should al so beFigal Az@epicks, tunderddid m&lgmntH@HRﬁve¢ann¢ha§a§$SFFcabIe

tomtjhle recogni ti OFrem a{:euepﬁl tnﬁig @Wt idft @ﬂgsym?otﬁev‘ﬁ%ﬁctte%sﬁl ven .
synbol is conpose at_| eas S o) gachi 0 e

Thvention the’ sysPerPgosraSSRtAT Ty kA FhoR Ro) EOTRatt A3 BAE 11C
written character #sofregeiveds mmtgmgwmwegomamemwm &yd aot her

types of synbols. datBeEEEﬁéf‘@ré‘%é@ fidudest ReFBrindt B8R Exprdyidek ofi agram

form an enbodi rent gt e, YL SAdk , AKDHAELS! oF°RakL O et on 24 1

character, an identification number, a typical

upper-case character height in tablet 14 coordinate
units, an associated baseline value expressed in

tablet 14 coordinate units, the tablet 14 resolution

and sample rate, and also the number of x-y coordinate
pairs, or points, associated with each stroke. The

data structure also includes a plurality of x-y
coordinate values, referenced to the tablet 14 coordinate
.system, for each of the strokes.,The coordinate pair
values are received from the tablet 14.

In the column labeled "AVG" are five re?ultant members
of the prototype set produced by the prototype manager
22 from the nine input'CHR characters. In accordance

. with an aspect of the invention the prototype manager
22 averages one or more stroke characteristics,
preferably the x-y values of corresponding stroke
points, of each stroke of the CHR characters that are.
identified by their associated labels as representing
the same character. These averaged character prototypes
comprise the set of AVG prototypes. As described
below, another consideration in selecting CHR characters

" for averaging is that CHR characters having the same
label also be similar in shape.

For example, only one character is recognized for the
first CHR character and no averaging is performed when
generating the first AVG prototype character. CHR
characters two and eight are averaged to provide the
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during use ta an application program 20 to which it supplies recognized
characters 18a and through which strokes fromthe tabl €t ‘14 are passed.
Dependi ng upon the function of the appllcatlon progran120 ‘the appli- cation
program may al so contain a filter 20a for selectively passing strokes to
the recognition function 24. By exanple, fqp a text editing application
hand- written synbols that are positi'oned within a body of text nmay be
considered to be textual insertions while synbols appearing within a margin
area may be consisdeond xvs|pnbtnﬂypexhhanaytbmncCHBnehawaqnnnme#hseeThe

appl i cal i on 20 Mpgupagsa s AN LA ARIa 4 Gakkrhbe Bhd Urazaravect at ed

with what i s assune rted text while

filtering out th®retPb¥eR %%’Eﬁﬁ%ﬁrec?% thRamﬁtﬁﬁﬁt XF ARG S8R, 1 n
general ; the applhireaavenagped xagetiereate theafpumthgAién pi'raiotupel izes or
othermﬁse consungg E St éPcognlzed characters. In accordance with one aspect
of the invention-during character and stroke prototype establishnment the
application program 20 operates to interact w'th a prototype manager 22, .as
described bel ow. The fifth AVG prototype character corresponds to the '

~ sixth CHR character. It can be seen that AVG characters
one and six each represent the character "E" and each
have the same label. However, differences in stroke
formation or some tablet 14 induced distortion results
in a failure of an elastic matching technigue, described
below, to match the two characters to within a threshold -
error value. Thus, although both CHR characters one
and six have the same label, they are associated with
different AVG prototypes. .

With a limited tfaining set either of the two CHR ;
characters may be considered to be a "maverick"
character. It is sometimes desirable to eliminate one
of the two corresponding AVG prototypes to prevent a
subsequent degradation in the operation of the'
character recognition function 24 when processing
segmented strokes that are not associated with a known
training sample. Elimination of AVG prototypes that
correspond to maverick CHR characters is described
below.’ ’

'The averaging is performed on a stroke by stroke
basis. One method of averaging is a linear method
wherein each stroke from the CHR set that is to be
averaged is resampled to a fixed number of points and
corresponding points from two or more strokes are
averaged together. A presently preferred embodiment of
the invention employs an elastic matching technique of
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System 10 includes the aforenentioned recognition funetion 24 that operates
to conpare input strokes fromthe segnmentation processor 12 to prototype
strokes and characters stored within a local,” on-line prototype storage
devi ce 26. Pr ot ot ype manager 22 is conprlsed of a data base manager and
an associ ated collection of functions used fpr- establishing stroke and
character prototype sets. The functionality of the prototype manager 22 is
i nvoked by an application 20 enpl oyed during prototype generation and

mai nt enance. Prototiyyme deseydbedobypChardes t@- Rapnedit dne"pdapbiype storage

fo alnd an ?ssom adredh ifriel ﬁahanlwctsaﬁtgﬁyécééﬁﬁl&a- s @beﬂrqghdtﬁﬁ%ﬁm to
ort-11ne storage re eva e (0] e manager
22 operat es, und@?qgﬁﬂ?¥ cgpn ? éoﬁpp i@%ﬁﬂgﬁﬁﬁtéggﬁ , %?

del et e pr ot ot ypesmatehing decbuiguper debeylpmewetﬂ;e fambmnetelmmqs-esent |y

preferred enmbodi nEsladfie B&OEBEYBﬁlﬁﬁﬂéﬂ%oiﬁt§Wﬂo'iﬁ‘:d r@kaf Pix‘xﬁ ality of

functions witten in the GCp ranmm n t e f nctlons ng
i nvoked by an opefBf (ﬁ°qﬂﬁﬁﬁﬁﬁggﬁg SﬁbgFﬁﬁf%ﬂﬁl ePr B¥YSY manager

22 functions are described below. In this enbodlnent t he appllcatlon 20

functions YO 99@191157 graphically illustrates three stroke
characteristics, specifically x, y and phi, plotted
over a length of each of two strokes (s1 and Sz) being
compared by the elastic matching technique. Phi is
the slope angle of the tangent to the stroke curve and
is obtained from the x-y data. If the difference, or
error, between the two curve points exceeds an
empirically determined thfeshold value the two
strokes, and possibly the two characters of which the
two strokes are constituents, are considered to be
sufficiently distant from one another so as to be
considered non-matching. s '

The AVG prototype characters are each represented with
a data structure that is substantially identical in
form to that described above for the CHR characters.
One significant difference, however, is in the content
of the data struéture in that the values of the x-y
coordinate pairs for the constituent strokes are
obtained from the averaging technique and not from the
raw user input.

Further in accordance with the invention the characters
of the AVG set are subsequently broken or decomposed
into six constituent strokes (STK) as shown in Fig; 5.
The AVG prototype set and the STK prototype set are
stored in prototype storage 26 for use by the
recognition function 24 as character and stroke
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-9- as an operator interface to the:prototype manager 22, the application
20 further being coupled to-an operator display termnal 20b and an
operat er input device, such as a -keyboard 20c.- -Prototype manager 22 al so
operates to conpress and optimn ze prototypes by perform ng prototype
averagi ng, stroke breaking and stroke greup3ng. These various operations of
the prototype manager 22 are al so described in detail bel ow Fig. 3
deplcts an exanpl e of an input training form 30 enpl oyed for providing

i nput to the probyofptyresageespectivglng Offr-langi gs§osageioh the an

exenpl ary vocabul QﬁESéétEé s f1ddprenaaeat ois file 1f9.2¢ 4 and "T", a
subject is provided with a training sanple 30a. The subject wites with the

stylus 15 upon the tablet 14 the individual |abeled synbols of the training
sanpl e 30a to cr ddec avepaged|styokds xuff dihes STKaserakte upmporwid vt en

characters 30b. T 3bbekRBefbR L

recogni tion function 24, Durin pi cal ai,nin essi on wherei,n the
characters 30b d&FSFOEnisieR P °°§§N1Qn§ rc#ﬁb ghFPRORCPTRR P4
i nputs the strokq&mmmdsperibrhs chripartdd ofidhather sekcofjnstoxed [Bed on t he

known | abel s of fﬂl%tb&gpeé %e28HR£ witen P RISPONASS £5CE OBPGicheC i act er s
to the prototype nma 2
ol such as "1/2 A". As employed herein the :

cqnventlon for the notation "1/2 A" indicates the

first stroke of two strokes (1/2) of the upper case

character "A". Similarly, the notation "3/3 H" indicates

the third stroke of three strokes 6f the character "H"

while, although not represehted in the depicted

training sample 30a, "1/1 C" indicates the first, and

only, stroke of the'upper'case character "C".

Fbr the example depicted in Fig. 5 stroke number one
is associated with the first stroke of the first AVG
character (El). Stroke two.is associated with the

" second stroke of (El), the third stroke of (E1), the
second stroke of (A2), the second stoke of (H4) and
the second stroke of (E5). STK one and six can be seen
to be differently formed and, although both are
intended to represent the first stroke of "EY, are
associated with the first strokes of (El) and (E5),
respectively.

‘During use by the recoghition function 24 each
generated input stroke has associated therewith a
"score" or value for indicating the degree of dissimila-
rity .between the input stroke and one of the correspon-
ding stroke prototypes of the STK set. Input strokes

are compared to the STK prototypes and are built up.
into assemblagés of strokes that are compared to the
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storage and processing. However, If the chatracters 30b ar€ witten such
that they do run-on the recogni zer can al-so enpl oy any al ready existing

pr.ot ot ypes in or
with the known

der to separate the run-on eharacters and associ ate them
abel s. - YO 990 115

-10-. Fig. 4 depicts, under the colum .“CAR' - nine characters fromthe

training input o
top_to bottomin
data structure t
t he nunber of st
upper - case chara
basel i ne val ue e
resol ution and s
poi nts, associ at
plurality of x-y

f Fgg 3, the chagacters bei ng sequentially ordered from
rder as receiyve ach char act b
A8le rofanEEss ¥o spleth S ot shakmbeh miany 2V 7
rcoiraesponfscta hlahtacaﬁemlalragedaﬁ isttirokesenAntesrgnized ypi cal

%ﬁra%% ghigl nﬁ, oY Yutdh ¢bi the APpPESAGicH ed

xpressed in t 14 coordi'nate units e tablet 14
oo, 5P§th%dpa¢%%swégnWS@Pt}YyPESg?m te pairs, or
aiéchrnhueaﬁbr sgendeat i tie xrextagniizede chhasactexrs ulBs a

is disclosed in commonly assigned U.S. Patent Application
S.N. 07/474,271, filed February 2, 1990, entitled
"Constraint Driven On-Line Recognition of Handwritten
Characters and Symbols" by Tetsunosuke Fujisaki.

Although only a limited training vocabulary is depicted
in Fig. 3 in practice the object of obtaining adequate
prototype coverage is achieved by collecting a
significant number of character prototypes from
wfiting samples generated from a specific user of the
system 10. Complete prototype coverage is provided by
training over a.fraining set that includes all expeqted
character input and by also pgriodically ﬁpdating the
prototype set with additional’handwriting input.

The object of providing sufficient prototype
represenfation is achieved by averaging togéther a
number of similarly written characters in order to
represent a distinct variation of a character. The AVG
prototypes are formed by averaging together, within a
predetermined matching threshold, CHR characters of
the same stroke label, number of strokes and that are
similarly shaped to within a predetermined threshold.
For example, the two similarly-shaped two stroke "AY

" characters, (CHR2) and (CHR8), are averaged to yield

one prototype (AVG 2) while the two differently shaped
"E" characters, (CHR1) and (CHR6), are not averaged
together and generate two prototypes: (AVGl) and
(AVG5). In general, the averaged prototype characters
are more regularly shaped than any of the asspciated
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coordi,nate values, referenced to the tablet:14 cqordi nate -system for each
of the strokes. The coordinate pair valwues are received fromthe tablet 14.
I the colum | abeled "AVG' are five resultant menbers of 'the prototype set
produced by the prototype manager 22 fromthe nine input CHR characters. In
accordance with an aspect of the inventig@nishe prototype manager 22 .
averages one or nore stroke characteristics, preferably the x-y val ues of -
coryespondi ng stroke points, of each stroke of the CHR characters that are
identified by th&HR gbsvacbers. |Ehelaveragiagr fvastion pay hemexiormes er.

These averaged chaigereq18b21Pf YOESi i BMdnt@110G a8t defiddd Xl ypes. As
descri bed bel ow, another consideration in selecting CHR characters for

averaging is that CHR characters having the sane |abel also be simlar in
shape. For examplodobeil avenagimermethod iis perdgnmeddby opretetype st CHR

character and no,avelag B b5 Re&IKAEDbINIA WRICEAR BHLIPE dd¢ E AVG

rototype character. "CHR characte t a i
![O he ¥% 990 115 CHR characters whnr. e J).Aé)norr}.%gelagmat% ?.nSV&{SQaer?cé OtaD rovide

neighboring characters having different character

labels. That is, all CHR training characters having

the same character label, and that are written similarly,
are averaged together in a stroke-wise manner.

The incremental averaging method processes each CHR
training ‘character sequentially. A CHR character is
added to the AVG prototype set if it is associated .
with a new label or if it is not within a threshold
value of other AVG characters of the same label that
are already in the set. Otherwise, the character is
averaged int6 the closest prototype character having
the same label. This metﬁod takes into account the
matching distance to similar characters having different
labels and also more liberally creates prototypes for
different characters that are similarly shaped, such
as "U" and "V" or -"A" and "H". Furthermore, a reduced
storage fequirement is obtained over the glpbai method
in that it is not required to store the entiré CHR
set. Instead, averaging is performed by a weighted
averaging technique as the CHR characters are sequen-
tially received. That is, a record is maintained of

" the number of CHR characters already averaged into the
AVG prototype and the AVG prototype is weighted by
that number when being averagéd with a new CHR character.
Thus, a later-formed CHR character of less than
optimum shape will not unduly bias the corresponding
prototype. '
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second AVG prototype character. CHR characters three, four and nine are
averaged to generate the third AVG prototype character and CHR characters
fisve and seven are averaged to generate the fourth AVG prototype character
The fifth AVG prototype character corresponds to the sixth CHR character.
It can be seen that AVG characters one andiéix each represent the character
"E" and each have the sane | abel. However, differences in stroke formation
or sone tablet 14 induced distortion results in a failure of an elastic
mat chi ng t echni gtfe, Shddd bseaokefofkhat cakeheugh fber®oi8hBPacters to within
a threshol d err ofegisiinementhithatathBoogR &ltdtacidRsC ber 2etaife@whanmd si x

h‘ave t he sane '%t}?érexﬁé}&% Elea?% &ﬁgeduwé\%%iﬁfertﬁggewg pr ot o';)ypes

Wth a limted trarning se charact er s may
considered to beadvankages dp '€ﬁéﬁ-aéﬁérth¢ tCHRs ty@dpingeselesFeabl e to

el Ib m nate oge of estdigpLe)O ohRY m&hawpagm&h@em Ewiction t(o:&gq:venatals
subsequent degragdat i t el e
function 24 When&I <88Q§§Pﬁ§ﬂ %@89 9ﬁ£ﬁr§%e % éggg%%% 2d with
a known trai ni ngozsasmﬁnactﬁlnsﬂthattl a;nsultm/@rpra)tsneﬂ@égeﬂhAVGcme@pmm- to
maveri ck CHR chagfchests, '&1@3iﬁhblménbﬁéﬂ\és onT%ea‘(ﬂRaﬁhHEabﬁei?Qrfor”Ed on
a stroke by strake, basi's ﬁeH % gﬁ avera IS a Ilnearbnethod -
wherei n each st rB&tR9 rALRPle BILEr ﬁtaY%F process 1s begun

or is complete and can be successfully invoked only if

the CHR characters are retained and stored.

In accordance with further aspects of the invention
the averaged set of AVG character prototypes are
further processed by the prototype manager 22 to
generate the STK prototypes. This further‘processiné
involves a method of breaking, or decompoéing, the AVG
character prototypes into their constituent strokes,
it being remembered that the constituent strokes are
individually represented within the aforémentioned
data structure associated with each AVG prototype. By
example, the AVG prototype (H4) is broken into
constituent stroke labels 1/3H, 2/3H, and 3/3H and the
corresponding averaged x-y coordinate information for .
each stroke label is represented within the STK
prototype set.

The prototype manager 22 operates to further optimize
"the STK set by a stroke grouping or clustering technique
that averages similarly-shaped strokes having different

stroke labels. For example, the vertical stroke
prototype (STK 3) has.stroke labels for indicating the
vertical stroke or strokes of the characters T and H.
For this case the vertical stroke of each of these
characters is combined and averaged with all other
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averaged is resanpled to a fixed numbér of -pointS. and corkeésponding points
fromtwo or nore strokes. are€ averaged together. A-presently preferred
enmbodi ment of the invention enploys an-el astic matching techni que of YO

990 115 -12- a type described by Charles
C. Tappert in "Adaptive on-line handwitind? &cognition", Proc. 7th Int.
Conf. Pattern Recognltlon pp. 1004-1007, 1984. The el astic matching

ot ots it hout | SEERAFAT,BERRER 0 SEd 3 uBAReRr Sl SO 0]

res pond n ornts are
averaged.  Fig. 1zhgleghstupke ProtatyRe &p Wilrl&? §PFOP¢BPBha$‘éRQ’@$ st i cs

specifically x, ‘ar@hGoRphredl osimilavey, &:Heemﬁiﬁizehtaachtﬁékéw strokes

([err] and [err]) be|n e Phi |
the slope angle oT-HHKE %tggggﬁ?‘r???%ﬁ%k@t %kzlt dng. nlggﬁ'ﬁ(;% Al ne frolm Itﬁe
x-y data. |f the alirfagednto, genexatera 'Bmmttaﬂesﬂimkélid@b?kﬁﬁts exceeds
an enpirically det 'ﬁ&ﬁ&ﬁ%&0&@&9§@0|ﬂ “ﬁ%f&kddﬁaﬂ\H%r%ké@heiabéﬂQdDOSSIb|y the

two characters of he two stro e
be stroke prototype resuf%segrm§QS§tl gF @ﬂe gonsidered to

strokes of AVG E 5. After further training with .an
expanded vocabulary the "vertical stroke" label would
also be associated with, for example, 1/2B, 1/2D,
1/3N, 3/3N, and so forth.

Stroke grouping benefic@ally serves to reduce the
overall number of required STK prototypes that are
required to be examined and thus also proportionally
reduces the amount of subsequent stroke matching
computation reéuired by the récognition function 24.

The aforedescribed maverick CHR characters are
preferably avoided. This is accomplishéd by proc_ess:i.ng'i
fhe AVG set of characters to identify AVG prototype
characters resulting from only one CHR character.

These identified AVG characters are also referred to

as "outllers“ An outlier is considered to be a unique
piece of writing that is different from other writings

as determined by the distance measure. Any AVG

outlier may, but not necessarily will, correspond to a
maverick CHR character. As the set of training characters
increases the probability that an AVG outlier corresponds
to a CHR maverick increases. One presently pfeferred
technique for eliminating AVG outliers is to identify
and retrieve same from the prototype storage 26 with

the prototype manager 22. Prototype manager 22 provides
_the AVG outliers to a prototype editor application 20

for display to a user of the system 10. The user is
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sufficiently distant fromone another so as-td be.considered non-matching.
The AVG prototype characters are each represented -wi-th.a data structure
that is substantially identical in-formto that described above for the CHR
characters. One significant difference, however, is in the content of the
data -structure in that the val ues of Lhe~i$§ cOordinate pairs for the
constituent strokes are obtained fromthe averaging technique and not from

t he.raw user inpu r | qgggQQﬁﬁ it hegq [ t he _
characters of tEeEKS%}Egtégﬁéﬂgﬁggequent yq€¥%kgﬁabrt%g% 3%%% into six
constituent strok8BeT3HGN RE JhRuProtakype manpger A% pkotdrigie semeand t he
STK prototype set oar elitoueliers phminottlee AVGObegeolPpé osettise by the
recognition function 24 as character and stroke YO 990 115 _

- 13- prototypes, respectively. Of-line storage of the prototype sets is
al so provi ded vLaTFFI J¢Qyzgf prototype separation is thus also

accomplished interactively. The above mentioned
prototype manager user interface application 20 is
invoked to compute distances between the AVG prototypes
and to display to a user pairs of prototypes that are
found to be separated by a predetermined minimum
distance. For many close pairs corrective action may
include deleting one of the AVG prototypes. For
example, for the AVG pair El and E5 a user may choose
to delete one of the two prototype characters frOm the
AVG set. Also, the interactive processing of the AVG
set can be employed to ensure that two close
prototypes, such as an ‘upper case "O" and a zero "0V,
are distinguishable. In this regard the user is

i _ ﬁrompted to reenter one or more CHR characters and to
intentionally form the character so that it differs
sufficiently from the other character of the close
pair. For the case of zero and upper case "O" this can
be achieved by simply overstriking the zero (@). This
Process continues interactively ﬁntil all close AVG
prototypes are sufficiently spaced apart from one
another_to'avoid confusion during usé.

The aforedescribed.functions of the prototype manager
- that are invoked by the user via the user interface
application 20 are now described in greater detail. In
reviewing the functions it should be noted that .
several AVG and STK prototype sets may be created,
maintained and used by the system 10, each AVG/STK
prototype corresponding to a different user, or
writer. | '
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The averaged strokes of the STK set are- enployed by the recognition
function 24 during the character recaqgnitdon process. A stroke input from
segnentati on processor 12 is conpared-with -the set of stored STK
“prototypes, each of which corresponds to a_fragnent of a synbol such as

"1/ 2-A". As enployed herein the convent i oniPof the notation "1/2 A"

I ndi cates the first stroke of two strokes (1/2) of the upper case character

"A Simlarly, tion "3/3 H ind@%ﬁ% the third stroke of three
strokes of the cﬁgﬁggﬁés "H' while, althoug 6§gt represented in the

depicted training sanple 30a, "1/.1 C' indicates the first, ‘and only, stroke
of fhe upper caseighfract egemdve allF@rdtetypeaspks- fiegm dthed storbige. S
stroke nunber one is assocjated with the first stroke of the first AVG
character (E1l). Stroke twp 1S associated with the second stroke of (El),
the third strokeLogd(El), hoad secpreiftieskrototrps sehdideddd® Ilke of
(H4) and the second strokex®ftd Eoraglk 281€ and si x can be seen to be

differently fornmed and, although both inten t e first
stroke of "E', aP8V&ssoci atatf tﬁ??QﬁfiéawﬁFo o&%ﬂgsg% Q%%ﬁﬁﬁg%H&?éé),
respectively. Duri ng use2®yto eff-cbimgistioxadeunct i on 24 each generated

i nput stroke hasassoci at egehdifs By dindile SHUAFIeR ¥ebtetisy dedifedhi ng the
degree of dissimla- rity.between the Tnput stroke and one of the

correspon- ding stroke protEP53RR #®-the STK set. Input strokes are
conpared to the SBEtprot ot Spess atlie aspedifiiad WYG protatyeeisetydw of strokes

that are conpared to the label; “alphabetizes" the set.
Copy Copies the specified prototype set into a
) newly created set.
. Create Create a new, empty prototype set.
Rescale Allows a‘ new tablet 14 line spacing to be
; : specified for a prototype set. All x- and
v~ coordinates of stroke points contained
. . within the set are recalculated. _
Append Merge the prototypes from one specified set
into a second specified set.
Average Perform global averaging and global stroke
gfouping of a speéified prototype set.
Vocab Display the vocabulary (alphabet) of a
specified prototype set.
Results Display results after recognition.
"Renumber Renumber a set, changing prototype 1IDs. )
Brk/Grp Performs global stroke breaking and grouping

on a specified AVG prototype set to create a
corresponding STK prototype set.

Orig . Display originals (CHR set) for a specified
. AVG prototype.
Near . Display nearest neighbors (closest

prototypes) of a specified prototype.
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YO 990, 115 ' _ . - 14- AVG. prototypes to

sel ect a character that nost probably corresponds to the assenbl age of
strokes. A recognized character 18a i$S subsequent|y output to the
application 20 for further processing. A presently preferred technique for
generating the recognized characters 18a is @i scl osed in comonly assi gned
U S. Patent Application S.N. 07/474,2%71, ~filed February 2, 1990, entitled
"Constraint Driven On-Line Recognition of Handwitten Characters and
SynBol s" by Tet surstpirexFuj Dislay prdtdiyrsh xynisegmentatien statiistigs

vocabul ary is depicted. in Fggy 3 é{ Egéygé(ggg;he obj ect of obtaining
adequat e prot'otype coverage_is_ac b coIIectlngaa si gni fj cant. number

 eve
of character protoBfFedVer oREHFPEPH g entade AVEXAEHNE O X AH Y i ¢ user

of the system 10. Conpl et e pabébéd per Covey agmplesp(droned YR tfdleni ng over
a training set that includeg,allsf® & t §htbNRUEpEE al so
periodically updating the prgt ot ype ?g#et%: t hhfyae%gi '([il onaF h%nd%/kw%c} ng i nput.
prototype set to create an averaged (AVG)
and stroke grouped (STK) prototype set.

QUIT Exit from the prototype manager 20.

Initial use of the system 10 is achieved by at least
two methods. A first method involves establishing the
AVG and STK prototype sets by training with an individual
‘user, as described above. A second method invdlves
loading from file I/0 28 into prototype storage 26 a
generalized prototype "starter set". The starter set

is generated to provide acceptable limits of prototype
coverage, representation and separation. Coverage is
obtained by providing a set of statistically determined
most common forms of written characters. Representation
and separa;ibn-are obtained by careful prototype
construction from the set of common representations.

In this regard it has been found that intentionél
exaggeration of differences between similar characters
enhances separation and increases recognition accuracy.
That is, portions of a character that are known to be
critical for accurate recognition are intentionally
exaggerated while unimportant features that are common
to two close characters are intentionally written in
the same fashion. For example, during the generation
of a starter set that includes -the close character
pair "g" and "y" the closure of the top of. the "g" is
emphasized while the tails, or descenders, of the two
characters are formed substantially the same so as to
de-emphasize this feature. A user of the system who is
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The object of providing sufficient prototype representation is achieved by
averagi ng together a nunber of simlarly witten characters in order to
represent a distinct variation of a character. The. AVG prototypes are
formed by averagi ng together, within a predet'erm ned matching threshol d,
CHR characters of the sane stroke |abel, nunpgr_of strokes and that are
simlarly shaped to within a predeterm ned threshold. For exanple, the two
simlarly-shaped two stroke "A" characters, (CHR2) and (CHR8), are averaged
to Vield one protdvyikiquﬂSaZpinbibbaraeters)chﬂf&isnnﬂqlxﬁs&m&dté&"v1a

characters, (CHRl)g toaﬁneda% ﬁéffﬁaﬁfﬂaéf&?t ‘st sgenerate two

pr ot ot ypes (AVGL) ene the averaged prototype characters
are nore regul arl yag"h’é t(f’i%é:r? af °[9P h the 3amg Qpal »f gsperating

-15- €HR char act pretotiipesathatgang ﬁnequimnaﬂayy bl peinfguishdbeet Beom
gl obal l'y or increngpdaddobneas defined bel ow. A gl obal averaging nethod is
performed by prototype manager 22 on a global basis over the entire set of
CHR characters while ignoring a matching distance to

If required, the prototype sets AVG and STK are

maintained through the use of subsequent training sets
of characters to supplement the starter prototypé set
in order to further increase prototype coverage.

A method of the invention is depicted in the flow
chart of Fig. 6. The method illustrated therein
includes the steps of (a) inputting a plurality of
strokes each of which is a constituent stroke of a
symbol or symbols used to train the system; (b)
forming from the inputted strokes a first set (CHR)
comprised of one or more symbbls; and (c) averaging at
least one characteristic 6f %imilarly formed symbols
that are members of the first set to form a second set
(AVG) comprised of prototype symbols to which, during
the use of the system, assemblages of input strokes
are compared. o

The method further includes the steps of (d)
identifying a symbol or symbols of the second set that
corresponds to only a single symbol of the first set;
and (e) deleting the identified symbol or symbols from
the second set.

The method further includes the steps of (f) decomposing
into constituent strokes the prototype symbols of the
second set; and (g) forming a third set (STK) comprised
of the constituent strokes of the second set to which,
during the use of the system, input strokes are
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nei ghbori-ng characters having different character |abels. That is, all CHR
t-rai ning characters having the same character |abel, and that are witten
simlarly, are averaged together in a stroke-w se nannef. The increnental
aver agi ng nmet hod processes each CHR training character sequentially. A CHR
character is added to the AVG prototype seR2i £ it is associated with a new
| abel or if it is not within a thresHol d-val ue of other AVG characters of
the.same | abel that are already in the set. O herwi se, the character is
averaged i nt o t h€omPazedt Fretkshd Dhafadospingyanghikd sakelnalries This
met hod takes inta atepubf abveramimdidty dasttaone thavhbttefistharsEt ers
havi ng different J. I n . al ates prototypes for

di fferent char actéel?nlsgﬁtaﬁéﬁ g?gd‘%?n%sﬁlye%ﬁl%pes&%og%%ﬁ as "U" and "V' or "A"
and "H'-. Furthernore, a reduced storage requirenent is obtained over the

Igl O:Jal drret_ hod i nmtﬂ@ts_tbbsic‘afnp%) L&mli(reep dre d@tr@ferhbfgyea&béﬁpﬁﬁlé@t- ]
nst ead, averagir s perfor i ayer aging techni que as the :
CHR characters a&%fé’gﬁugﬁ? fggﬁ ya/fr :@gf\fg@t q?ﬂat G & eggfﬁécgﬂ% i s mai nt ai ned

of the nunber of iBdRuslignacfestrokes aisapiategewitht unwasted/@webians/pe and

t he AVG prot ot yp&iithiteicfiBt 89k Pyrdtist rdey, when being averaged with a new
CHR character. Thus, a later-forned R character of |ess than optinmum

shape will not unduly bias the correspondi ng prototype. YO 990 115
The step of inputting (a) includes a step, in one

embodiment of the invention, of generating strokes by

. the movement of a stylus relative to a tablet. In
another embodiment of the invention the step of
inputting (a) includes an initial step of generating a
data structure comprised of'a'plurality of strokes
having predetermined shapes and subsequently providing
the data structure for input. '

It should be realized thaﬁ the method described may be
practiced with a number of suitable hardware embodiments
including but not limited to general purpose or
dedicated processing devices and/or may be wholly or
partially implemented with dedicated circuitry. Also,
certain steps of the method may be performed in other .
than the order illustrated while still obtaining the
same result. For example, the steps (d) and (e) may be
executed after or contemporaneously with the steps (f)
and (g), although some degradation of the quality of
the STK set may be experienced if the AVG set contains
‘one or more outliers that correspond to maverick CHR
characters. '

YO 990 115



-16-  It, shoul d be not ed. that although there |s no reqwrerrent that the
CHR characters be retai ned when increnmental |y g ing: in practlce there .
are advantages in retaining the CHR traihing s '

pr ot ot ype manager function- (Orlg) that is descfi

user the CHR cha ers that. pgsu o REC] fi
prototype. As Suqﬂ“nmllﬂ“mnmﬁiﬂ“ reli es o%gt he CHR characters Dei ng
avai |l abl e after tHe &vetag!nd prrocess is begun-or is conplete and can be
suecessfully -invoked only if the CHR ¢hdr &cTeMsSare retai ned and .stored.

I n accordance with further aspects of the invention the averaged set of AVG

character prototypes are further grocessed by the prototy g nager. 22 to
generate the STKYprot &t PEEROATRF I9RGEAENT Fo S8&s PhgPFRTBFRS %?ékﬂ#ﬁmj of

br eaki ng, or deconposﬁng,usbelﬁMﬁBhﬂnﬂwumnmngpm@bobnneionnkystam;r
constituent strokes, i éﬁ§§ tJyat the constituent strokes are
I ndi vi dual |y represenf% Q% %egﬁe aeﬁg%nentloned data structure
associated with each AVG prototype. By exanple, the AVG prototype (H4) is
broken into consti tuelihp&ttmhg & apBheallitH o2 /stdokard edcBHoandhidle is

correspondi ng averageg. Sggg Q@@aééiégé<§f"§'§y&5% r gaggmg£igke l-abel is

r epr esent ed mﬁthln the pro ype se

forming from the inputted strokes a first set.
comprised of one or more symbols;

averaging at least one characteristic of similarly
formed symbols that are members of the first set
to form a second set comprised of prototype
symbols to which, during the use of the system,
assemblages of input strokes are compared; '
. i
decomposing the prototype symbols of the second
set intd constituent strokes; and

foiming'a third set comprised of the constituent
strokes of the second set to which, during the
use of the system, input strokes are compared.

2. A method as set forth in Claim 1 wherein the step
of forming a third set includes a step of averaging
at least one characteristic of similarly formed

constituent strokes. S

heet-Has Been Reﬁaced
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The prototype nanager—??—operatES“to further .opti.mze the STK set by a
stroke grouping hnrque t hat aver.ages srnrlarly shaped
st rokes havi ng IL“ Imtlm lﬂllug abel s. For. exanpl e, j==he st r oke

prot ot ype (STK 3)* strekes| abels for indicating t LA tFoREs,0r
strokes of the characters T and H For thi £4&ase thg :

each of these characters is combined and averaged witHF=sd —0 : )90
115 strokes to yre a

er, el d
sifgle "vertical %troRe™ethpd| 2§ §?Fo§@%ﬂrdfbf§ﬁ€“\ WHFEﬁthEh?nﬁ P
strokes are conpared. o3i decampgsingeihctudesnttile dinidiialostepsotfs of
characters E, A- Hand T are conbined and averaged to generate a
"horizontal stroke" |ghel ed _stroke prototy A _"horizontal stroke"
| abel ed stroke prot ot yoeBEEE¥ERY ?rg éﬁuﬁ%?hﬂlﬁ:ﬁﬁe§h§tﬁﬁﬁﬁgd ofSR\VG E
5. After further trai rdhag worheapondpaoobdnanmhﬂd ayynbiolle ofvehei £aksst r oke”

| abel woul d al so be a%ﬁﬁﬁ'%hﬁd with, for exanple, 1/2B, 1/2D, 1/3N, 3/3N,
and so forth.

deleting the identified symbol or symbols from -
the second set.

4, A method as set forth in Claim 1 wherein the step
of inputting includes a step of generating
strokes by the movement of a stylus relative to a
tablet.

5. A method as set forth in Claim 1 wherein the step
of inputting includes an initial step of generating
a data structure comprised of a plurality of
strokes having predetermined shapes for defining
a predetermined number of symbols, and wherein
the step of inputting further includes a step of
providing the data stfucture for input.

6. A method as set forth in Claim 1 wherein the step
' of averaging includes a step of globally averaging
at least x-axis and y-axis coordinate data of

points that make up constituent strokes of all
similarly shaped symbols of the first set that
also have a same symbol label.

This Sheet Has Been Re laced
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Stroke groupi ng bene#—l—m—arr-l—y—S’erv"‘e's to reduce, the, overall

required STK prot ot ired to be
prioportional I'y. redu ﬂm ““m:u““mrsubsequent
required by the rec dom flncti oh 24. The a

characters are preferably aveided. This i3 25ce!

_nunber of
neg t.hus al so
EvngQQQﬁqQ utation
affjor edeggp| ck CHR

AVG set of characters to identify AVG prototype char act er s resultlng from
onlly one CHR character., These identified AVG characters are also referred
to as "outliers". /An ofit PPEROR A% FRE Jard dp Gdadmfi whergin dhe)Stan ting
that is different fronofit aeeraging rmhﬂeietaes@pedfbynhhendnﬁﬂme
aMLL i £0LS
aracters increases the
probabi1ity that an Av&a&at PfePob%W e‘él}ﬁfn&?kteo“é’ EARSHatUeRE SEERkamses.
One presently preferredft acsihgle éwntbal iof rie Fd raA¥Gsetit with Sa interilier

measure. Any AVG outl i g{,egg%hna ﬁg@%ﬁﬁ@

maveri ck CHR char act er of tralning

denti f d ret t
mnager 22, Prot ot ype Sanener S9uHE BECARRG X HeAResefy

0 a

éﬂ‘itfhﬁ&? pr ot ot ype

rs"t6 a prototype

editor application 20 for display to a user of the system 10. The user is
YO 990 115 8. A method as set forth inl&laim 1 wherein the step

of averaging includes an initial step of determining
if a symbol to be averaged has a shape that is
within a predetermined threshold of the shapes of
other symbol having a same symbol label, the step
of determ:l.nlng be:.ng accomplished by an elastic

matching technique.

-

9. A 'method as set forth in Claim 1 wherein the
steps of averaging, decomposing and forming are
initiated in response to a command from a user of

the system. .

i

10. A method of generating a set of prototype symbols
and prototype strokes for use in a handwriting
recognition system, comprising the steps of:

providing a user of the system with means for
interacting with a prototype manager function of

the system;

responsive to input from the user,

inputting a plurality of strokes each of which is
a constituent stroke of a system training -symbol
-

- or symbols;

YO 990 115
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enabl ed to'revi ew the outtiers and, through. t he operation of the prototype

managef 22, to del et il i ers from; AVG prototype set.
The obj ect of pr ot ot ﬁmﬂmnmlm ﬂm thus al-so (B e ’ctlvely.

The above nentioned prototype "nasager user inter S
i nvoked to conpute distances between the AV@bprdteatyy A I ay to a
user pairs of prototypes that are found to be separated by ap er i ned

m ni num di st ance. For ny. cl ose i.rs ,corrective action nclude
deleting one of the Avga“le %b’t‘%té’pﬂga‘: e,S%F8gth§ IEAT?E‘%‘*peﬁert El and E5
a user may choose to debwprised of onee Qm\mtqneotsmn)bpésehar acters fromthe
AVG set. Also, the interactive processing of the AVG set can be enployed to
ensure that two close prototypes, such as a pper case "0" and g zero
"0", are di stingui shabFESPPRELYE s£0 MRS FZEm EBC BERp: AT 1Y N ( or
one or nore CHR char actiesprototyre manrgemnfiunetfionm t he character so that
it differs sufficirently fromthe other character of the close pair. -For the
case of zero and upper case "O' this can be achieved sinply overstriking
the zero (0). This pro@¥etaging;dbckeask é?r&:t"l}\?é]ag?tﬁﬁt’-FFlﬁl PL Fiie
prototypes are suffici €oiingdsgamiesel spetidt farmendeasoblicthé of hwst et

confusi on during use. Egr@fgrggggﬁél &? SRS ogf E_geog%%otype

manager that are invok&d he USer via Foet i nterPace i cation 20
are now described in gﬁé’ﬁ‘b@lsdﬁ?aﬂllchn 4%%% e Plinthe oPESEamshoul d

be noted that several A¥Geablla§d¥ §Ff oimpypesarikesRirebeonpastes,

responsive to further commands from the user
activating the prototype manager function

identifying a symbol or symbols of the second set
that correspond to a maverick symbol of the first
set; ' : ' ) '

f
displaying to the user the maverick symbol or i -
symbols; and

deleting specified ones of the identified symbol
or symbols from the second set; and

responsive to a further co;nmand from thé user
activating the prototype manager function

decomposing the remaining prototype symbols of
the second set into constituent strokes:;

averaging at least one characteristic of similarly
formed constituent strokes; and

-This Sheet Has Been Rerlaced
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nalntalned and used by the system 10, each AN(?SHKLprototype correspondi ng

to a different user, of witer. YO 990 115CI II

set's ;romFPEST's?JrH[MIHHIHIIIIHIIIIIHHF redLeaq e”"ve cbtotype set
via file 1/O0 - 8 storage 26. Sav$ |

prototype set via file I/O 28 to off-Tilh

Renpve a single specified prototype set from 28—=50rt

Sort's the specified Avcfcfirnﬁ:[r@ &p%hiﬂi Byt comprlsedlé’ibeéhe a%EE‘Q@QSt | zes”

the set. Copy Copi es the ) ro e set ntq a

new y created set. Credf¥sStityeg §t£0ﬁg% %n’p‘gg ﬁ?é: &0 whiteRe 5 ¢
Al l ows a new tabl et 14 dumine thei nget ofbthe system, fnpuhfsunﬁkbsraae
prototype set. Al x- Eﬁﬁhpared. y- coordi nates of stroke points contained

11. A method as set forth in Claim 10 and responsive
to a further command from the user activating the
prototype manager function for storing at leas£
the second and the third prototype sets for
subsequent use by the system.

12. A method as set forth in Claim 10 and responsive
- to a further command from the user activating the

prototype manager function to display to the user
any members of the second set having characteristics
that are similar to one another to within a
predetermined threshold; and, responsive to
further input from the user, modifying one of the
displayed members of the second set to unequivocally
distinguish the two displayed members one from
the other. ‘

13. Handwritten character recognition apparatus
comprising:

means for inputting a plurality of strokes each
of which is a constituent stroke of a symbol or
symbols selected for training the system;

" means for forming from the inputted strokes a
first set comprised of one or more symbols;

means for averaging at least one characteristic
of similarly formed symbols that are members of

Sheet Has Been RTlaced
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W t hin the set are recal cul ated. Append Merge the prototypes from one
specitied set speci f i gfFSer—Average——rg! form

I . V AU
global averaging a ﬂ,ﬂ"”mﬂ : - dr dti AYHEBT HAS BEEN {li ed
prototype set. Vocabfifll m;’ mm vocabul arlf (al Dof a

specified prototype Set® Resws splay results after recognition
Renumber Renunber a set, changing proto?y5e2?D§. Brk/ Gp Perforns gl oba
stroke breaki ng and grouping on a specified AVG prototype set to
create a cor ERSPEIO LTIt PRI WPEe8Bha Coblcompr IePldY
originals (CHR set) for a specified . AV prgtotgpé? ar

Di spl ay nearest nei gthF???EYR%e‘J‘s‘I‘“bOlS to whigh,t guyped) the use Qfcitheed

pr ot ot ype. YO 990 lapparatus, assemblages of input strokes -a¥ée Get pr oxy

Di spl ay -pr ot ot ype xy sggﬂ§€£$éjon statistics for a prototype set.
I ncr Avg Perforns increnental ‘averagi ng of original | abel ed
witing sanples (froma CHR file -

means for decomposing the prototype symbols of
the second set into constituent strokes; and

means for forming a third set comprised of the
constituent strokes of the second set to which,
during the use of the apparatus, input strokes
are compared.

14. Apparatus as set forth in Claim 13 wherein meaﬁs
for forming a third set includes means for -
averaging at least one characteristic of similarly
formed constituent strokes. .

i .

'15.. Apparatus as set forth in Claim 13 wherein the
means for decomposing includes:

means for identifying a symbol or symbols of the
- second set that correspond to a maverick symbol
of the first set; and '

means, responsive to an command from a user of
the system, for deleting the.identified symbol or
symbols from the second set.

16. Apparatus as set forth in Claim 13 wherein the
means for averaging includes means for globally
averaging at least x-axis and y-axis coordinate
data of points that make up constituent strokes

~of all similarly shaped symbols of the first set
that also have a same symbol label.

YO 990 115 . This Sheet Has Been Reﬂlaced
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specifiéd 'by the user) inta a specifijed. . prototype set to create

an averaged (AVQ and stroke groupéd‘:;"f-:fv-y_~gw~“;-. QUT
Exit fromthe prototype manager 20. I nitial 43 6 SHEET EpSHBEENL]) i S

achi eved by at | east : i r'st met hdd_i_ nvREPEACEDt abl i §hi ng t he
AVG and STK prot Otypel‘M“MMImmmmnl) W th QQ'MS

descri bed above. A second mkthbd 1nvolves Toading fromfile 1/0 28 into
prototype storage 26 a generalized prototype "starter set”. The starter set
i s—generated to provide acceptable |imts of prototype coverage,

represent-ati on and, sepaj.ation. Coverage_is, obtaiged. by, pbravidi.ng set of
statistically dete} nggnﬁﬂgﬁnﬁ%ﬁﬁoﬁe oFﬁ£t§f19w$f§%W|%ﬁé&ﬁ%F&Pnge
Representati on and sepaneainsrfaar averegingdihgludesineans dicst ype

construction fron1th¢ SfﬁcfﬁméﬂﬂQrTQ-%%B&S§£ﬂéa££0ﬂ§ast ﬁihﬂﬂgrsnaegard_it
has been found that intentional egggggraélgn 0 dlfferqﬂfes bet ween sim | ar
characters enhances separatidFONEPRIPeG8ER PECBIHRTS orPdde cW® That is,

portions of a charact erconpsititwentk sbmokes 0€ arsinghé symbadc ofr &he
recognition are intentigpald YsRXAGLE" at ﬁ,gmggy 3fugﬁgp§gé@,{g ge%ahg(,gﬁgt hat

are common to two close characters _are_intentionally witten in the Sane
fashi on. For exanple, durFHf (Hdndekelon of a starter set that includes
the close character pair "g" and "y" the closure of the top of the "g" is

enphasi zed whil e tk.i'.g.t-aj\ﬁﬁaraﬂ'.rusd%%c%%qe%%rtﬂf iﬁh@l%m FRARAGISAS cke formed
substantially the sane so as to de-enphasize this Teature. user of the
system who is YO 990 3¥Yeraging means includes means for comparing

symbols by an elastic averaging technique to

determine if two symbols having a same symbol

label are shaped in a similar manner.

.19. Apparatus as set forth in Claim 13 wherein the
averaging means, the decqmposing means and the
. - forming means are all coupled to and responsive
' to means for inputting commands from a user of
the systém.

20. Apparatus as set forth-in Claim 13 and further
including means for storing and retrieving at
least the second and the third sets for subsequent
use by the apparatus.

21. Apparatus as set forth in Claim 13 wherein the
means for inputting is coupled to means for
providing data expressive of predetermined
symbols comprised of strokes having shapes
selected_for emphasizing differences between the

symbols while de-emphasizing similarities between
the symbols.

. This Sheet Has Been Rerllaced
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- 21 - witing tfaining char actprs, £%§QE QRS%@EN_ktructed via display 20b
to nodify her formation of certd agconpl-i sh the sanme goal -

ofr generating prototypes that ar ““D"“J"“"“ ye =8t i ngui shabi e from one

anot her . If required, the pr ot ot ype 'sets AVG and.STK are mai nt ai ned
through the use of subsequent training sets of characters to supplenent the
starter prototype set in order to further -i 30r ease prototype coverage. - A

met hod of the invention is depicted i the flow chart of Fig. 6. The met hod
il lustrated therein includes the steps of %ﬁ% |nputt|ng a plurality of

- strokes each of which is a constituerft Bt éf CaTsynbol or synbols used

to train the system (b) forn1ng fromthe inputted strokes a first set

(R ooy oo PTaibsl ik ool s M SRS BGeR 60800,

set to forma secdﬁvi§@PaFAV€§ EQ#qﬁ¢QRmPly5h@P6t§ﬁwGe §9ﬁ§oi§cl%dﬁﬁnch

during the use of ¢ stupkeBE fspeldbhRganPh PIRHA1SFOLESsEEEkEO AL,
'of'which is a constituent stroke of -a symbol or
symbols to be recognized by the system; (b) forming .
from the inputted strokes a first set (CHR) comprised
of one or more symbols; and (c¢) averaging at least one
characteristic of similarly formed symbols that are
members of the first set to form a second set (AVG)
comprised of prototype symbols to which, during the
use of the system, assemblages of input strokes are
compared. The method further includes the steps of (d)
identifying a symbol or symbols of the second. set that
corresponds to only a single symbol of tpe'first set;
and (e) deleting the identified symbol or symbols from
the second set. The method further includes the steps
of (f) decomposing into constituent strokes the

- prototype symbols of the second set; and (g) forming a

third set (STK) comprised of the constituent strokes
of the. second set to which, -during the use of the
system, input strokes are compared. .

Thls Sheet- Has Been Reﬂ
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The method further includes the steps of (d) identifying a synbol or
synbal's of the second set that corresponds to only a si.ngle synbol of the
fi-*st ‘sef; and (e) deleting the identified syhbol or synbols fromthe
second set. The met hod further includes the steps of (f) deconposing into
constituent strokes the prototype synbols of the second set; and (g)-
forming a third set (STK) conprised of thel £8nstituent strokes of the
second set to which, during the use of. the system input strokes are YO

990~115 - -22- conpared. The step (g) of
formng a third set includes a step of averaging at |east one
characteristic of simlarly formed constituent strokes. The steps of (d)

and (e) are preferably acconplished before the steps of (f) and (g) to
prevent -the inclusion of By okes associated with unwpn{€g ogtliers within
the STK prototype set.

- N o AX
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TABLET 'L//, 5 X SN X
Y 14
X — _
I, POINTS
STROKES |

CAPTURE | .

SEGMENTATION Y| sy AY s, AY=ERRORy
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The step of inputting (a) includes a step, in one enbodi nent of the
“invention, of generating strokes by the novenment of a stylus relative to a
tabl et. .l n anot her enbodi ment of the invention the’ Step-of inputting (a)

i ncl udes an initial step of generating a data structure-conprised-of a
plurality of strokes having predeterm ned shapes and subsequently providing
the data structure for input. It shoul®A® realized that the method
descri bed may be practiced with a nunber of suitable hardware enbodi nents
inctuding but-not limted to general purpose or dedicated processing
devices and/or may be wholly or partially inplenented with dedicated
circuitry. Also, certain steps of the nethoed may be performed in other than
the order illustrated while still obtaining the sane result. For exanple,
the steps (d) and (e) may be executed after or contenporaneously with the
steps (f) and (g), although sone degradation of the quality of the STK set
may be experienced if the AVG set contains one or nore outliers that

correspond to maverictk CHR characters. YO 990 115
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CLAIMS 1. A nethod of generating a set of prototype synbols for use in a
ognition system conprising:the steps of:
plurality of strokes each of which is a constltuent stroke of a synbol

handwriting rec

synbol s;

or

formng fromthe |nputted strokes a ficrst- set conprised of

one or nore synbol s; averagi ng at

simlarly fornmed synbols that are nenbers of3the
second set conprised of prototype synbols to which, during the use of the
ages of input strokes are conpared;

system assenbl
pr ot ot ype synbo

formng a third set conprised of the constituent strokes of the second set
to which, during the use of the system
nmet hod as set forth in claim1l wherein the step of formng a third set
of averaging at |east one characteristic of simlarly
©prototype synbol s.

i ncludes a step

formed constituent strokes of the second FE*(EE)

| east one characteristic of

| s of the second set into constituent sfrokes and

i nput strokes are conpared.

INPUT STROKES TO —a

SYSTEM [0

2

FORM FIRST SET (CHR) —bp

OF SYMBOLS

:

AVERAGE SIMILARLY FORMED]
SYMBOLS TO FORM SECOND |~ ¢

SET (AVG) OF SYMBOLS

)

IDENTIFY OUTLIERS, P
IN SECOND SET

t

DELETE OUTLIERS —©

!

DECOMPOSE SYMBOLS OF
SECOND SET INTO —f
CONSTITUENT STROKES

!

FORM THIRD SET (STK) —— 9
- OF STROKES :

first set to forma

deconposi ng the

2.

inputting a

A



3. A nethod as set forth inclaim1l \/\herel n the step of deconposing

i ncludes the initial steps of: I dent | &=+ synbol s of

t he second set that correspond to a nmaveri ck ifrst set; and
‘deleting the identified synbol or synmbols frbp e second s t.y 4. A

met hod as set forth in claim 1 wherein the pt pg?“ I ncl udes a
step of generating strokes by the novepgnt ¢fla yl'us rela ive to a
tablet. 5. A nethod as set forth in claim} wherermThe Step| of inputting
includes an initial step of generating a datja structure conprised of a
plurality of strokes havi ng predeterm ned shapes 1or defining a
predet er m ned nunb N | ting further
includes a step of wﬁcﬁgﬁ i[émﬁéﬁh)ﬁﬁﬁ&egﬁ?‘ . A et hod
as set forth in claim1l NG REG QSN ONaRY HEE lthl udes a step of
globally averaging at |east x-axis and y-axis coordi nate data of points

t hat make up constituent -strokes of all simlarly shaped synbols of the
first seABSTRAGIso have a sanme synbol | abel.

A method, and apparatus for use in a handwriting recognition system, that includes the steps
of (a) inputting a plurality of strokes each of which is a constituent stroke of a symbol or
symbols to be recognized by the system; (b) forming from the inputted strokes a first set
(CHR) comprised of one or more symbols; (c) averaging ét least one characteristic of
similarly formed symbols that are members of the first set to form a second set (AVG)
comprised of prototype symbols to which, during the use of the system, assemblages of
input strokes are compared. The next steps are (d) identifying a symbol or symbolé of the

second set that corresponds to only a single symbol of the first set; (e) deleting the

_ identified symbol or symbols frong;tp& -d composing into constituent strokes

the prototype symbols of the sec ﬁ
constituent strokes.

Fig. 6

. This Sheet Has Been Rem
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7. A nethod as set forth in claim1l wherein the
a step of increnentally averaging at |east x-axi
data of points that make up constituent strokes
first set with a nenber of the second set3 having
A nethod as set forth in claim1 wherein the step
initial step of determning if a _synbol to be avieraged has a shapgq that is

SY

Wi t hi n aCHRREEEs o r M ARRILE CHATASISE iy said to bp compagsd © haying,an
sane synpol .l abel ,. the,step of determ nin | ng | i shed .by an . -
ol aot | ¢ REPEA ublsen it Gahectes-fines Stefoeiut (GESL ot A SR T o 50 ¥l aning; ot
the step . avier agj i no..and .0 i Nt ' nse
o a concRsidinRES bty Ve TR Ak Jp a conaB WiPa Tilet ot Shhons ke IRE S
of proto t s | Lt 00
o Ot MR SurhoP S XERo Pl i BeriEScbpdhenBRENikiprfion upd
syst em WfeSeri@fiSof RerhidliRteAfdsuidofWiriold fRb&ssihy RRpS PRI mpdrieAs! fof Rdftingt 1€
system responsive to input fromthe user, i nputting a
pl ural i t yeferency syphtes sekach of which is a constituent stroke of a system
training synbol or 'synbol s, . ] )

Another prior art handwriting recognition system that uses the curve matching method is
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descﬁbed in an article entitled "On-line recognition of hand-written characters utilizing
positional_and stroke vector sequences" by K. Ikeda et al., Proc. 4th Int. Jt. Conf. Pattern
Recogniti:)n, pp. 813-815, 11/78. The authors describe the use of a spatial filter to obtain
sampling data independent of the speed of pen movement and thét rejects noisy data.
Recognition of a stroke shape is accomplished by matching a stroke vector sequence against a
shape dictionary. The authors employ a concept of similarity of stroke shape when matching
input strokes to shapes in the dictionary and state that the number of strokes is a parameter for
primary selection.
SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of the
prior art.

According .to one aspect of - the present im.rlentionj_ there is provided a method of
generating a set of prototype symbols for use in a handwriting recognition system, comprising
the steps of: inputting a plurality of strokes each of which is a constituent stroke of a symbol -
or symbols; forming from the inputted strokes a first set comprised of one or more symbols;
averaéing at least one characteristic of similarly formed symbols that are members of the first
set to form a second set comprised of prototype symbols to which, during the use of the
-system, assemblages of input strokes are compared; decomposing the prototype symbols of the
second set into constituent strokes; and forming a third set comprised of the constituent strokes
of the second set to.which, during the use of the system, input strokes are compared.

According to another aspect of the present invention there is provided a method of

generating a set of prototype symbols and prototype strokes for use in a handwriting
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averaging at least one characteristic of similarly formed symbols that are members of the first

set to form a second set comprised of prototype symbols to which, during the use of the
system, assemblages of input strokes are compared; responsive to further commands from the
user activating the prototype manager function identifying a symbol or symbols of the second
set that correspond to a maverick symbol of the first set; displaying to the user the maverick
symbol or symbols; and deleting specified ones of the identified symbol or symbols from the
second set; and responsive to a further command from the user activating the prototype
manager function decomposing the remaining prototype symbols of the second set into
constituent strokes; averaging at least one characteristic of similarly formed constituent
strokes; and forming a third set comprised of the average constituent strokes of the second set
to which, during the use of the system, input strokes are compared.

According to stiil another aspect of the present invention there is provided handwritten
character recognition apparatus comprising: means for inputting a plurality of strokes each of
which is a constituent stroke of a symbol or symbols selected for training the system; means
for forming from the inputted strokes a first set compriséd of one or more symbols; means for
averaging at least one characteristic of similarly formed symbols that are _memﬁers of the first
set to form a second set comprised of prototype symbols to which, during the use of the
apparéitus, assemblages of input strokes are compared; means for decomposing the prototype
symbols of the second set into constituent strokes; and means for forming a third set
comprised of the constituent strokes of the second set to which, during the use of the
apparatus, input strokes are compared.

According to yet another aspect of the present invention there is provided a method of
generating a set of prototype symbols for use in a handwriting recognition system, comprising

the steps of: inputting a plurality of strokes each of which is a constituent stroke of a symbol
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' Fig. 1 is block diagram of a handwriting recognition system that operates in accordance
with the invention;
Fig. 2 is a block diagram that illustrates in greater detail the character recognizer 18 of
Fig. 1;
Fig. 3 depicts a training set of characters that is input to the system;
Fig. 4 depicts a set of the input training characters (CHR) and corresponding set of

averaged prototype characters (AVG);
Fig. 5 depicts a set of averaged strokes (STK) generated from the AVG prototype set;
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forming from the inputted strokes a first set comprised of one or more symbols;

averaging at least one characteristic of similarly formed symbols that are members of the
first set to form a second set comprised of prototype symbols to which, during the use of the
system, assemblages of input strokes are compared;

decomposing the prototype symbols of the second set into constituent strokes; and

forming a third set comprised of the constituent strokes of the second set to which,
during the use of the system, input strokes are compared.
2. A method as set forth in claim 1 wherein the step of forming a third set includes a step
of averaging at least one characteristic of similarly formed constituent strokes of the second set
of prototype symbols.
3. A method as set forth in claim 1 wherein the step of decomposing includes the initial
steps of:

identifying a symbol or symbols of the second set that correspond to a maverick symbol
of the first set; and

deleting the identified symbol or symbols from the second set.
4, A method as set forth in claim 1 wherein the step of inputting includes a step of
generating strokes by the movement of a stylus relative to a tablet.
5. A method as set forth in claim 1 wherein the step of inputting includes an initial step of
generating a data structure comprised of a plurality of strokes having predetermined shapes for
defining a predetermined number of symbols, and wherein the step of inbutting further
includes a step of providing the data structure for input.
6. A method as set forth in claim 1 wherein the step of averaging includes a step of globally
averaging at least x-axis and y-axis coordinate data of points that make up constituent strokes

of all similarly shaped symbols of the first set that also have a same symbol label.
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9. A method as set forth in claim 1 wherein the steps of averaging, decomposing and
forming are initiated in response to a command from a user of the system. _
10. A method of generating a set of prototype symbols and prototype strokes for use in a
handwriting recognition system, comprising the steps of:

providing a user of the system with means for interacting with a prototype manager
function of the system;

responsive to input from the user,

inputting a plurality of strokes each of which is a constituent stroke of a system training

. symbol or symbols;

forming from the inputted strokes a first set compriséd of one or more symbols;

responsive to a command from the user activating the prototype manager function;

averaging at least one chéracteristic of similarly formed symbols that are members of the
first set to form a second set comprised of prototype symbols to which, during the use of the
system, assemblages of input strokes are compared;

responsive to further commands from the user activating the prototype manager function;

identifying a symbol or symbols of the second set that correspond to a maverick symbol
of the first set;

displaying to the user the maverick symbol or symbols; and

deleting specified ones o.f the identified symbol or symbols from the secoﬁd set; and

responsive to a further command from the user activating the prototype manager

function;
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activating the prototype manager function for storing at least the second and the third
prototype sets for subsequent use by the system.
12. A method as set forth in claﬁn 10 and respdnsive to a further command from the user
activating the prototype manager function to display to the user any members of the second set
having characteristics that are similar to one another to within a predetermined threshold; and,
responsive to further input from the user, modifying one of the displayed members of the
second set to unequivocally distinguish the two displayed members one from the other.
13. Handwritten character recognition apparatus comprising:

means for inputting a plurality of strokes each of which is a constituent stroke of a
symbol or symbols selected for training the system;

means for forming from the inputted strokes a first set comprised of one or more
symbols;

means for averaging at least one characteristic of similarly formed symbols that are
members of the first set to form a second set comprised of prototype symbols to which, during
the use of the apparatus, assemblages of input strokes are compared;

means for decomposing the prototype symbols of the second set into constituent strokes;
and |

means for forming a third set combrised of the constituent strokes of the second set to
which, during the use of the apparatus, input strokes are compared.
14. Apparatus as set forth in claim 13 wherein the means for forming a third set includes
means for averaging at least one characteristic of similarly formed constituent strokes of the
second set of prototype symbols.

15. Apparatus as set forth in claim 13 wherein the means for decomposing includes:
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means, responsive to an command from a user of the system, for deleting the identified

symbol or symbols from the second set.

© 16. Apparatus as set forth in claim 13 wherein the means for averaging includes means for
globally averaging at least x-axis and y-axis coordinate data of points that make up constituent
strokes of all similarly shaped symbols of the first set that also have a same symbol label.
17. Apparatus as set forth in claim 13 wherein the means for averaging includes means for
incrementally averaging at least x-axis and y-axis coordinate data of points that make up
constituent strokes of a single symbol of the first set with a member of the second set having a
same symbol label.
18. Apparatus as set forth in claim 13 wherein the averaging means includes means for
comparing symbols by an elastic averaging technique to determine if two symbols having a
same symbol label are shaped in a similar manner.
19. Apparatus as set forth in claim 13 wherein the averaging means, the decomposing means
and the forming means are all coupled to and responsive to means for inputting commands |
from a user of the system.
20. Apparatus as set forth in claim 13 and further including means for storing and retrieving
at Jeast the second and the third sets for subsequent use by the apparatus.

* 21. Apparatus as set forth in claim 13 wherein the means for inputting is coupled to means
for providing data expressive of predetermined symbols comprised of strokes having shapes
selected for emphasizing differences between the symbols \athile de-emphasizing similarities
between the symbols.

22. A method of generating a set of prototype symbols for use in a handwriting recognition
system, comprising the steps of:

inputting a plurality of strokes each of which is a constituent stroke of a symbol or
symbols;

forming from the inputted strokes a first set comprised of one or more symbols; and
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23. A method as set forth in claim 22 and further including the steps of:
decomposing the prototype symbols of the second set into constituent strokes; and
forming a third set comprised of the constituent strokes of the second set to which,
during the use of thé system, input strokes are compared.
24. A method as set forth in claim 23 wherein the step of forming a third set includes a step
of averaging at least one characteristic of similarly formed constituent strokes of the second set

of prototype symbols.
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symbols to be recognized by the system; (b) forming from the inputted strokes a first set
(CHR) comprised of one or more symbols; (c) averaging at least one characteristic of similarly
formed symbols that are members of the first set to form a second set (AVG) comprised of
prototype symbols to which, during the use of the system, assemblages of input strokes are
compared. The next steps are (d) identifying a symbol or Symbols of the second set that
corresponds to only a single symbol of the first set; (e) deleting the identified symbol or
symbols from the second set; (f) decomposing int_o cqnstituent strokes the prototype symbols

of the second set; (g) formihg a third set _(STK) comprised of the constituent strokes. '
Fig. 6
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