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manner. However, prior on-line handwriting recognition methods have concentrated on
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print style handwritten ideographic characters; the requirement that the handwriting be
printed is still too slow for a typical user of a computer system. These prior methods have
15 not been successful at adapting to on-line cursive style handwriting character recognition.
The complexity of the ideographic characters and the character distortion due to non-
linear shifting and multiple styles of writing also Mes character recognition difficult,
particularly for on-line systems. |
Cne method which has been used extensively to deal with the types of problems
20 arising from ideographic character recognition is hidden Markov modeling (HMM). HMMs
can deal with the problems of segmentation, non-linear shifting and multiple representation
of patterns and have been used extensively in speech and more recently character
recognition. See, for example, K. Lee "Automatic Speech Recognition; The Development of
The SPHINX System”, Kluwer, Boston, 1989.; Nag, R., etal. “Script Recognition Using
25 Hidden Markov Models", Procéedings of the International Conference on Acoustics, Speech
and Signal Processing, pﬁ. 2071-2074, 1986; and Jeng, B., et al., "On The Use Of Discrete
State Markov Process for Chinese Character Recognition”, SPIE, vol. 1360, Visual
Communications and Imeige Processing '90, pp. 1663-1670, (1990). Jeng used HMM:s for

off-line recognition of printed Chinese characters. In this system described by Jeng, one
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represented by a smaller subset of the subcharacters or radicals. See, Ng, T.M. and Low,
H.B., "Semiautomatic Decomposition and Partial Ordering of Chinese Radicals”,
Proceedings of the International Conference on Chinese Computeing, pp. 250-254 (1988).
Ng and Low designed a semiautomatic method for defining Chinese radicals. However,
15  these radicals are not suitable for on-line handwriting character recognition using hidden
Markov models for several reasons. First, to perform on-line character recognition using
radical HMMs, a character model based on several radical HMMs should be formed froma
time sequence of subcharacters, which was not done by Ng and Low. Secondly, Ng and
Low break dm&n the characters into four basic constructs or categories of radicals; vertical
20 division; horizontal division; encapsulation and superimi)osition, and a radical as defined by
Ng and Low can appear in more than one of these categories. This has the effect of having
up to four different shapes and sizes for the radical and this will have a detrimental effect on
the hidden Markov modeling accuracy because the model has to deal with up td four
different basic patterns for the four categories. _
25 While the use of subcharacters or radicals to recbgnize ideographic characters is in
éome ways desirable, it does not always accurately recognize characters without also
recognizing the geometric layout of the subcharacters relative to each other in a character. In

a prior approach by Lyon, the use of a size and placement model for subcharacters in a

ideographic script has been suggested. See, U.S. Patent Application Serial No.
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it is desirable to provide improved on-line recognition of cursive handwriting for ideographic
Scripts.
15 SUMMARY OF THE INVENTION
The present invention, in one embodiment, creates an on-line handwriting
' recognition system for ideographic characters based on subcharacter hidden Markov models
(HMMs) that can successfully recognize cursive and print style handwriting. The
ideographic characters are modeled using a sequence of subcharacter models (HMMs) and
20 they are also modeled by using the two dimensional geometric layout of the subcharacters
within a character, The system includes, in one embodiment, both recognition of radical
sequence and recognition of geometric Jayout of radicals within a character. The
subcharacter HMMs are created by following a set of desi'gn rules. The combination of the
sequence recognition and the geometric layout recognition of the subcharacter models is used
25  to recognize the handwritten character. Various embodiments of the present invention are
described below.
In one .embodiment of the present invention, a method of recognizing a handwritten
character includes the steps of comparing a handwritten input to a first model of a first

portion of the handwritten character and comparing the handwritten input to a second model
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the radical HMMs are separated and ordered to preserve the time seqﬁence of the manner in
which the radicals are written. It will be appreciated that the number of radicals per character
vary from one to many (e.g. up to 10 radicals per character).

15 According to another aspect of the present invention, 2 method of the presenf
inventioﬁ for recognizing a handwritten character includes the steps of comparing a first
geometric feature of a first portion of a character to be recognized to a first geometric model
of the first portion, and comparing a second geometric feature of a second portion of a
character to a first geometric model of the first portion. In a typical embodiment, this

20  process of recognizing the layout of the radicals of a character is performed in conjunction

 with the recognition of the time sequence of the radicals of the character. Typically, the
recognition of the time sequence of radicals provides the segmentation of the handwritten
character by use of a Viterbi search through a lexical tree of hidden Markov models, which
include models of the first and second radicals. This segmentation allows the layout

25 recognition system to selectively obtain a geometric feature of a first portion of a character
which is then used to comparc to a geometric model of the first portion as well as other
portions of geometrically trained and modeled radicals in the system.

. The present invention comprises various methods and systems for defining the

databases and dictionaries which are used in the handwriting recognition processes of the
' 4
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radical sequence is now permissible according to the present invention.

According to another method of the present invention for creating a database of
radicals for use in handwriting recognition, a method includes the steps of storing the first
model in a computer readable storage medium for a first recognized radical and storing a

15 second model in a computer readable storage medium for the first recognized radical, where
the first recognized radical has different shapes depending on the use of the first recognized
radical in a category (e.g. horizontal division or vertical division). While this method
increases the storage requirements of a database according to the present invention, it does
improve the accuracy of the HMM techniques used accordiﬁg to the present invention.

20 Various systems are also descﬁbed in accordance with the present invention. In a
typical example, a system of the present invention includeé a handwriting input tablet for
inputting handwritten characters. This tablet is typically coupled to a bus which receives the
input of the handwritten character from the tablet. Typically, a processor is coupled to this
bus and a memory is also coupled to this bus. The memory stores the various databases and

25 computer programs described according to the present invention. In a typical embodiment,
the memory stores a first model of a first portion of a character to be recognized and stores a
second model of a second portion of the character, where the memory stores the second
model such that the second model is defined .to follow in time the first model. Typically, the

processor will perfdrm the recognition procedures through a lexical tree of HMMs stored in
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disk, optical disk, etc.) which store executable computer programs and data which are used
to perform the handwriting recognition processes according to the present invention. This
15 storage media typically loads (through control of the processor) a system memory (e.g. -
DRAM) with the computer programs and databases which are used for the handwriting
recognition.
B D ION O D GS
The present invention is illustrated by way of example and not limitation in the
20 figures of the accompanying drawings, in which like referencés indicate similar elements.
Figure 1A is flowchart showing the overali methods of the present invention and
how the different processes are used for training and recognition and how they are
interrelated and interconnected.
Figure 1B illustrates in further detail the methods and steps of the recogﬁition
25 procedures of the present invention and the interrelationship between those procedures.
Figure 2 shows a typical implementation of a general purpose computer system
which may utilize the present invention and be an embodiment of the present invention.
Figure 3 shows an embodiment of the present invention, which may be considered to

be a substantially hardware embodiment of the present invention.
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Figure 9 illustrates the process of determining the number of direction changes for a

newly defined radical according to the present invention in order to compute the number of
15 states in the radical hidden Markov model for a particular radical.

Figure 10 shows two examples of portions of the lexical tree created from the
dictionary according to present invention, where the tree description of the characters is at
the radical level and is used to create the lexical tree of radical HMMs. |

Figure 11 shows a typical process according to the present invention for training the

20 radical sequence HMM:s.

Figure 12 shows an interpolatibn step acéording to the preprocessing portion of the
present invention.

Figure 13 shows a smoothing step in order to perform preprocessing according to
the present invention.

25 Figure 14 illustrates an extraction of the parameters necessary for radical sequence
recognition according the present invention.

Figure 15 shows a flowchart which illustrates a method for radical sequence

recognition according to the present invention.
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Figure 19 illustrates the mapping of extracted geometric features from a particular
radical to four probability distributions -for a particular trained radical in order to perform
geometrical layout recognition according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

15 Figure 1A provides an overview of the present invention and its various related
parts. These parts include a design procedure for creating the subcharacter models; a method
that uses the subcharacter models to find the most likely sequences of subcharacters in a
handwritten character; a method that uses a two-dimensional geometric layout of the
subcharacter in a character to find the most likely subcharacter layout; and finally the

20 combination of the results from the recognition of sequences of subcharacters and the
recognition of the layout of the subcharacters in order to achieve character recognition.
Also, as shown in Figure 1A, the results of a conventional preélassiﬁer are used in
‘combination with the radical sequence recognition and the geometric layout recognition in
order to achieve better accuracy and speed of recognition of handwritten characters.

25 The overall method shown in figure 1 A begins with the déﬁnition of radicals in step
12. This step is further described in conjunction with figures -5, 6A,6B,7,8,and 9. The
radicals are defined according to various rules described below in order to allow for the
recognition of the time sequence of subcharacters and also in order to improve the accuracy

of hidden Markov modeling in order to deal with different shape categories. In step 14 of
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in which like referenc el LM : IAQHEn! A
s ﬁmharforgntﬁeﬁ H§R6TE A0 EtbeseFudh oS/ b brovidine the normal hid@ifn

ow the dif &gqet ?‘?}Y?‘E ; oA HNG ottt ow
they are In?’hﬁlgkf@?re gte “an lﬁﬁf%Fgﬁenect ed. trﬁ'ﬁfhg"&é&ﬂﬂig Iglg!gag?g%lig

i 11 ust rat esyq perfoinigesmedRrAbdel ﬁsiﬁing%mamﬁwste§2¢a§smfwxiih¢igu&cmn'rh¢f on 25
procedures of” the present invention and the interrelationship between those
procedur es. training of the HMMs f step' k8 6F figuea\kA & peyfoimaed usingtonventiatal wechnifues
general purpose conputer system which may utilize the present

i nventi A0 ansingtheawwiyriefttiedeadicalf accordingte derpresentiovention. The geometric model

Fi gure 3 shows an enbodi nrent of the q?reser_lt i nvention, which_may be

consi der ed treining showndn gtep 26 is pesformed geonrding rthe methodishewWr IyFigefeel 6Ands ent
I nventi on. '
- described in conjunction with that figure and several other figures. The trairgad HMMs are

provided in step 22 and these may be used to further train the geometric model training in
order to improve the segmentation between radicals which is described below; this

15 segmentation is used in order to properly segment between radicals of subcharacters in order
to perform geometric model training for egch radical in a character. After the geometric
models have been trained for each radical, the geometric models are created in step 26 as
indicated in Figure 16. At this point, the system is ready to perform character recognition
using the three different types of recognizers which are used in one embodiment of the

20 presentinvention. It will be appreciated that other embodiments of the present invention
may merely use the radical sequence recognition and the layout recognition without the
preclassifier techniques. It will be appreciated that these preclassifier techniques and
methods are conventional and have been described by numerous investigators in the field,
including Y.S. Huang and C.Y. Suen in 1993. The performance of character recognition as

25 indicated in step 30 of Figure 1A is generally shown in Figures 15 and 18 and is generally
described in the accompanying text for these figures.

The preclassification recognition is implemented by preclassifier 29 which receives

the test data 28; the test data is provided to the radical sequence recognition and to the

geometric layout recognition systcrhs and methods of the present invention. The
9
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PCT/ US97/ 08796 Figure 4 shows an embodi nent of the present

I nvent i onygd; ticularly shows certain conponents system
of the pr esenf‘piﬁﬁnvent i on. Figure 5 illustrat e&ggg@;(?g%ure for
desi gni ng radi cal hidden Markov nodel s according to the present

i nventi on. 5, . Fi,gure 6A illustrates a recogni zed definition of a
char act er pﬁ‘flat"’%ﬁ??ém&“qgf‘ g‘“ﬁ%ﬂ?’ﬁ%ﬁs“b“‘ﬂ of candidate ehasact %PWGW def i ni ng 1
recogni zegpr adi ¢ a new radical, dictionary

defi ni ti ofPREP* ‘f‘f’i‘e Zxﬂ%"‘lﬁﬁ?"ﬁ%@e""dﬂg}eﬁﬁ sf‘a%?tef Sepqibﬁfc?%w of Rreglassifigatiog is o

h 7 .0f three
'; agl ngzeg%cgr I ng t 0 r{(ﬁg b€ ? e%% [ ﬁ\i%?ig%eﬁl f}r\'(%)%% @ﬁeéhqﬂe%[o%‘fwnl}@ﬁ‘ Br adi cal
"R " becawsfitipie Gib@i?ﬁr%'lﬂ%@nstmned Handwritten Nohiil ‘Regoédx ot ?%Ege%n)r%r&fous

Chi nese characters which are commonly witten In

terms & utdilinl InerakRional Workshop on Frontikfsdh ﬂ-ﬁn&whhhglkbédﬁnﬁibnt hBAD?aPCPP-S Of
determ ni ng the nunber of direction changes fo w'y déffned

radi cal a200l998nthis workivembines entltiple chssifiers farﬁ'eWgﬁﬂTonI O i§ Qiﬁﬁﬁieﬁ thd @adh mber
of 15 states in the radical hidden Markov nodel for a particular radical.

Fi gur e 10clkessifier prowidesdndependenoinfosation fior re¢ognition| heseadlassifiess thersdieg atg om
t he di ctionary according to present invention, where the tree
descri pti B?Feéf’“tsﬁéd%"ﬁéhﬂéﬁ%ﬁ@c?@’%n methods; forexamplese¢ Mogisas lal. 2 Reséaschiered t 0

create th R’Iacgme ‘ilaecogtl{xt?gn gff Han%gll'lgt%d dgaracters" IEEE Transactions on Pattern Analyms

10 and Machine Intelligence, vol. 6, no. 4, pp. 386-405 (1984); and Tappert, C.C., et al., "The
State of The Art In On-Line Handwriting Recognition",. IEEE Transactions on Pattern
Analysis and Machine Intelligence, vol. 12, no. 8, pp. 787-808, (1990). The combined
probabilities from the multiple classifiers of the preclassifier are used 1o rank the candidate
dictionary characters. The n most probable candidate dictionary characters (e.g. nis

15  approximately 200 in one embodiment) are passed to the radical sequence recognition and
geometry layout recognition stages as described below. The characters so selected by the
preclassifier as the n most probable characters (candidate characters) maybe considered the
active characters in the dictionary (also referred to as the active portion of the dictionary or
the active characters).

20 Further details of the interrelationship between the various recognition procedures
according to the present invention are shown in Figure 1B. The input stroke data 35 is
passed to the preclassification system in step 37 in which the top n best candidate characters
are selected according to whole character recognition (preclassification) methods which are
well know in the art. For each top n candidates from the preclassification process, a

25 subcharacter sequence recognition operation 41 and geometric layout recognition operation
43 are performed to obtain a probability for the particular candidate character from these two
recognition procedures. The results of the preclassification probability and the subcharacters
sequence recognition probability and the geometric layout recognition probability are

combined in step 44 to provide the particular recognition result for that particular character.
10



Figure 11 shows a typical process according to the present invention for

training the 20 radical sequence HWV. Figure_ 12 shows an

i nt er pol atWe@H744788 according to the preprocessing portion oFCTHg7/08796
present invention. Figure 13 shows a snoothing step in order
to perform preprocessing according to the present invention. 25

Fi gure 14 Tht sptenmthen cclesbdck e the mexiafandiiste pharaciatie the top eeandidate fitand adi cal
sequence recognition according the present invention.

Fi gure 15 eomtimesitof progeetahrougthsteps 39, K l.st3rantid4 uatihall obtdie top n candidatds haegjuence
recognition according to the present inventjon. .

7 begn mum{% gAt that point, there exists a list of a probabilities for each of the n

PCT/ US97/ 08796 .Figure 16 shows ,a flowhgrt which il]ustrates
Egeonet 1 Eanciatns and iy Beshgandiatel selecicd Bigelsrifp g SHGLIEHE ol faving e

i nventi @n. ,., o Figure 17A illustrates a segnentation of a cursive
handwr i ﬁ]eﬁl@ﬁﬁtrpé%qag}l’.ty' Figure 17B illustrates the HWs for

e . _ . ;
radi cal s aceor G g PSR Riod By SERUERRENATh vatnd SRR R At 1,
e var | OuBuiFBaS L AUREH systbhls hllvihg belont A5 ke 10 ubiEAad R Sk s of

recognitio ric features of a radical in character recognition
accordi ng handWiding reésphition, systems having substantially entirely dedicated hardware, and

systems having a mixture of software and dedicated hardware in order to perform the

10 operations of the present inventions. Moreover, a mix of such systems may be used in order
to implement the present invention; for example, a general purpose computer may be utilized
for certain operations of the present invention while a printed circuit board housing, such as
a card, may be _used to provide additional processing capabilities as well as to receive the
input data from an input tablet and to digitize data and perform handwritten preprocessing

15 and other operations in conjunction with processing operations performed by the main
processor of the computer system.

Figure 2A shows a typical example of a general purpose computer system according
to the present invention which may implement and embody the present invention. The
computer system 100 shown in figure 2 includes a bus 101 which is coupled to a processor

20 102. It will be appreciated the processor 102 may be a conventional microprocessor, such
as a Power PC Microprocessor or other various microprocessors which are known in the
art. This system may also include a digital signal processor 108 which may provide
additional processing capabilities to process digital signals, such as speech or audio data or
preprocess the handwritten input. This digital signal processor 108 is also coupled to the

25 bus 101. A memory 104, such as DRAM,, is coupled to the bus 101 and this memory
functions as main dynamic memory while a mass storage device 107, such as a hard disk or
other mass storage devices which are well kndwn in the art is also coupled to the bus 101.
Mass storage device 107 and/or memory 104 provide, in one embodiment, the computer

readable storage medium which contain the computer programs and databases that implement
' 11



i nventi on. Figure 18 ill ustrates a geonetric | ayout

recogni tion nethod according to the present 10 invention.

Fi gure 1%,' I Hﬁsﬁ ates the mappi ng of extracted geonetric fgafrkeioshsd™m
particul a b_9|7 “radical to four probability distributions for a pZ?ticuI ar
trained radical in order to perform geonetrical |ayout recognition

FRVENT) Gt SR et g ort A WO B e s

Il nvention and I.ts var . i i

o oceis o KRR o i o SRR !Bl 2
t he subc ' [ 44

e B B3 R a, Be & idfed SEralR) h Rardc USRS T4 RN R UAC 1 ©
geometric Blgﬁtgﬁ%d e l?z{aﬂ@writing ingﬁf%fb’érlqg toftficH & agy;ﬁ@ﬂ'}lﬁﬁvﬁ‘it_iﬂg(hﬁﬁt%l&thﬁe&mﬁ

i kely su ract er yout; and finally the 2 conmbi nation of the results

fromtihe eRPENIiAOoOriMelhinddfiRePEhasatterhaThis haridwriting ihpuet device 125 is
recognition of the layout of the subcharacters in order to achieve

char act er typieallg aicohventional pen ard tblet devicshihmttransiates prarraotiond gendrated by aluser of a
conventional preclassifier are used in ~~~ conbination with the radical
sequence inoagedquenonofpan signalsgasedanonpetiogio samplingfithe pen's position on ther der to
~achi eve better accuracy and speed of recognition of handw.itten characters.
25 tabletTEactopan signal gerraspends e amoordinpRtaird x yAIndicating the; defeciede
definition of radicals |[n ste% This step is further described in

go Pj unct i ®asities al the pep.c1n e pg ,méﬁmbf’,d’%m’zfﬁﬂh pen signilies acoordinate patt o
efin di t ' | ' ' '

the 10 *%a8biesasishalt g R felet o= BRAK 18 Bl PuOh drbetbciEnet S A P
order to 'ogmu? ¥Gndl € hﬂrgtlﬁg%l‘fglghput device P35 dlio%R4he %@%F@Kf EHRAPkA BigndIn Order to

deal with erent s tegories. In step 1
8 sequentially in a memory, such as memory 104, beginning at a predetermined location. In

an alternative embodiment, the handwriting input device 125 may also provide the user with
a display and function as a display device for system generated messages that provide the

15 user with instructions or other information. Throﬁgh the handwritten input device 125, a
user provides the system 100 with commands and data, and the handwritten input provided
by the user is recognized according to the handwriting recognition operations of the present
invention. This handwriting recognition in one embodiment is considered on an on-line
recognition procedure as the recognition occurs while the handwriting is being inputted.

20 Those skilled in the art will recognize that in an alternative embodiment, the present
invention could function with an optical input means (e.g. a scanner) rather than a
handwritten input device 125 in order to provide optical character recognition capabilities
which may be considered an off-line handwriting recognition procedure. In this alternative
approach, the strokes of the character would be extracted from the image representation and

25 an on-line representation created.

" Figure 3 shows what may be considered to be a substantially hardware
implementation of a system according to the present invention; however, Figure 3 may also
be considered to show the functional blocks implemented by a general purpose computer

such as that as shown in figure 2. The system shown in Figure 3 includes an input tablet 50
12 '
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PCT/ US97/ 08796 Figure 1A the initial HWbE are created usi n_?
convent i onwo pr4aTssdur es, where the HWb are defined foPCTAESRTPYAES cal
as defined according to the procedures associated with step 12. Al so,
a dictionary of radicals is created in step 16; this dictionary defines the
vari ous ragig g ditighr 3 H’&ﬁ;ﬂ-l ovided ' jcal s
whi ch haveqtlg@nﬁgg??lﬁ%gm%rgg%??i{ﬁg@{noto agﬁé lgﬁg ?ﬁ\a}{ hods of t eriigidglslgﬁ?rﬁﬂdﬂ

i nventi on. doté whithtifidicdie (@ péasignalpasthe parivdic inteovals. Ehetositput Gont the digitizer
conputer systemor digital processing systemwho will be providing the

nor mal hand@is towpled to a hanidwriting preppocessorif4iwhish prapraogsses tei poinss indicating the
perform HW trai ning according to step 18 and to perform geonetric
nodel trai mengignelsassampleddn thespstem. Iisdippdmriting preprpcessopo4. i gne

training_ of the HWb in step 18 of figure 1A i erforymed usi .

convent i®n aﬂthﬂ@nmtqu@WGge QRS HIPNS Iﬁg"‘ﬁéw S&R?Z‘ﬁﬁnﬁ? %’r ?ﬁ%ﬁ%gﬁﬁenﬂ ‘to

h - . Th . . o .
o porf or nohe R Ry °”hmse%pﬂ€c%?§%ﬁ%§rg%ﬁ 119 o0 impyhit S RSl BRAer ol 0
I N conjunct]l wtn_t i . S i 2) i
are t’, it op Ao ot SE IR BRRcy el rditbBR and lindr B iy I
eonetric t | ' | inB
Dot cal s whtabutdr hdeBidribier ipyout Giepiterr) Reb AN And Sen TOTTHES inpits 854, 105"

to proper! yssiemasit phsVideseh oftheScalrfits Withthd Aidtessani dutdto perfofrfl e functionst 0
perform geonetric del training for each radical in a character. After the

geonet riig  describediéfive fdradeh bfthesetunits. Ningaftivulae ahdisubablaracter, seqimmeg exmoghizer
nodel s are created in step 26 as indicated in Figure 16. At this

poi nt, the ayitaiweriS8 receiay thealeha xfand deltaavaless sequired fayiradical sequence

recognition as described below. Similarly, the subcharacter layout recognizer and trainer 60

receives the geometric features, such as mean and variance (var) necessary for subcharacter
layout recognition. The whole character recognizer and trainer 56 implements a conventional

15 whole character preclassification in order to select the n best possible characters for further
consideration by the subcharacter sequence recognizer and trainer 58 and the subcharacter
layout (geometry) recognizex; 60. The output from the whole character recognizer 56 is
provided over the interconnect 57 to an input of the subcharacter sequence recognizer 58 and
to an input of subcharacter layout (geometry) recognizer 60.

20 Each of the units 56, 58 and 60 are each coupled to a memory which may in fact be
one memory having different portions .addressed by the different units. The memory 62
contains a database of classification for the whole characters which is used to classify the
whole characters in order to obtain the n best list of characters which are used for further
consideration by the recognizer units 58 and 60. The subcharacter sequence recognizer and

25 trainer 58 is coupled to the subcharacter HMM memory 64 in order to receive and store data
related to the HMM recognition and training procedures. In particular, this memory stores
the lexical tree representation of the subcharacter hidden Markov models which are used in
the present invention to recognize time sequences of radicals. A layout model memory 66 is

coupled to provide the layout training data which is used to recognize a subcharacter layout
13



using the three different types of recognizers which are used in one

enbodi ment of the 20 present invention. It will be appreciated that other
enbodi mentyof4R@ Present invention ~ may nerely use PE?K%&%M%%
sequence recognition and the | ayout recognition wthout the

preclassifier techniques. It will be appreciated that these preclassifier

t echni ques ,and nmet hods are copnventi qnal ,and, have, been described b
nuner ouls i AJBRS fh sbsharacier {aygutegqeRition procedures deSorboftinybepresenk fyeation. c. v

tep 30 of Thr P enRAPCOGRRER F oSBT B claFE L bioh BB B megip Epalha” '
0 PELRTge SulF Phe] | _
T prec afPBPES T o B e pRRGHAGTRT V2, M Py nich e pGU e WP B

recei ves  68a, 68bl 41l 68236 nd:mpﬁﬁm. Th&e 1128 prdBibilities al MMitPHEd iPprblide hadi cal

sequence recognition and to the geonetric | ayout recognition systens

and net fHdsingle proabititg $arthe paniculir characteh €This multiplication operation is performed for
9 WD 97/ 44758

PCT/ US97/ 0@adtsuch charagserdn thessbeist list sé¢iectedsbithe whiolecthamcenrecbgizerntfidaa of

candi date characters (for exanple, approxi mately 200 characters) from
the full clpesclassifier)and thigprovidesa Hagcunmiative listF2f theombgsbprobabilities for theen
fromthe work by Y.S. Huang and C.Y. Suen, "An OQptimal Method of  Conbining
Mul ti pl e CPR&siblF candidate ehaggcicon oh selecie’4 seingththe Righeskprobabilityruhish indicatss |

P di f 5 Thi | nt ti | Worksh Fronti '
e N songied Bl Lo 5 ol Yerkshop on Frontiers in’
mul tipl g cl assi fﬁiﬁfé 4TifMstrafe€ BSthdr'eRibodinient 5f @S ﬁfé@g iﬁ@ﬂ{ioﬁa@ﬁﬁh may be

considered to be a printed circuit board mounted in an expansion slot (e.g. a PCI bus slot) of

a computer system or it may be considered to be a general purpoéc computer system itself
where the digital processor 154 is a main processing unit, such as a Power PC
microprocessor in a Power PC system such as a Power Macintosh 8500/120. The system
15 shown in Figure 4 includes an input tablet 150 coupled to a digitizer and bus interface 152
~ which provides the input data through the bus 156 to the digital processor 154 and to the
memory 158, which is assumed to include a memory controller. As shown in figure 4,
various computer programs and data are stored in the memory 158. These computer
programs and data include: the subcharacter §equence HMM and layout trmmng and
20 recognition processing computer program 158a; the Viterbi processing computer code and
storage 158b; the preprocgssing computer program code and storage 158c; a handwriting
input data 158d obtained from the input tablet 150; the subcharacter HMM sequence memory |
158e which includes an active portion which is desighated by the preclassifier (this active
portion contains the active characters designatéd by the preclassifier); subcharacter layout
25 model memory 158f which also includes an active portion containing the geometric models
for the active characters; and the whole character preclassification memory 158g which
includes computer programs and data necessary for the preclassification methods.
A method for designing the radicals for use of the present invention will now be

described while referring to Figure 5. The method begins in step 200 by defining a set of
: 14 '



classifier provides independent information for recognition. These

classifiers thensel ves are based on standard character recognition
met hods; WO B4l e see Mori et al., "Research on VERCI/HEI7/08796
Recogni ti on of Handprinted Characters”. |EEE Transactions on Pattern

Analysis 10 and Machine Intelligence, vol. 6, no. 4, pp. 386-405 (1984);
and Tapper §ubcharfeters ¢fadithls) fdi'IESnicular langiadk C TYhicAIRE th¥rd islatelSlnizel Qefinition
Handwriti ng Recognition”,. |EEE TransacCtions on Pattern Anal ysi's and

Machi ne | négdet bfydefinitions #or radicals fur a plrtichfar 1ahg¥add0 Tha( ik 9P@ictioddrp of 61Kei Ned
probabilities fromthe nultiple classifiers of the preclassifier are used
to rank t heeferemmtisdece provides adistofirecognized realicalstvehich migl de msedbadcoplingoithe
candi date dictionary characters (e.g. nis 15 approximately 200 in one
enbodi ment presans inygatiend Anexample isdhe Kpkiglietinnatydor tedtanjiccharactersy Two
geonetry | ayout recognitjon stﬁges as_described bel gw. The characters so

sel ect e@ bhundsed fourteen radicals ped inthe Kpki dictignary. jFhendp sep 2024 the method

0 ot § onar yoLF BESerRFention SRUES P Sl FrSRs Of PUATY GRaricier 8 WARK AP QR
nterr el at o Rtfte] ke ordef fox e get of rebololB ot e rellin 192 200. For each
according k@oéthedg'ﬁﬁéﬁgﬁ%t '(x)ﬂ%éﬁ g&gﬁlgteﬁ rb‘éfo?%‘ﬂx\ﬁ@in'? to &ioUr Fadh in g gh%gﬂlhh ﬁ\ﬁa ? ié ﬁ

-

data 35 is asse classificatPon systemin's

the top n BRfod of Y FHdeht iflEHiioR saafates the radRAR ift6 sRBNIATadiEA9 S iHAall AdaR! ©

character recognition (preclassification) nmethods which are wel | know

i n the18r t canfi coiripidied bfors mavinh tdahother adicall hewill'ecippresiatedabitthelofficRgess, a
25 subcharacter sequence recognition operation 41 and geonetric |ayout

r ecogni t i ostrakserderiiothe order in which the gheratier stexntld e wiitteri andds tealeedgnizetd\orderr

the particular candi date character fromthese two recognition

pr ocedur esfor thppartienianrecognized eadjnab cThusssten 202 takas ope srsaBnized jadigatiandgreates
bch t nce recognition probability and the geonetric

F;ygu? r ?gcg{gqsﬁqwlg ﬂeﬁﬁ%ﬂéﬁi@lp W?cirr\gilll be used aloccorcl(ilngI to'the’ present 1i’nven onas

described herein.

15 In step 204, the invention finds every radical that appears in more than one category.
It is known that ideographic characters can be broken down into four basic constructs of
radicals: vertical division, horizontal division, encapsulation and superimposition. A
dictionary defined (regognized) radical can appear in one or mor;z of these categorieé.
According to the present invention, the method finds every radical that appears in more than

20 one category and creates one newly defined radical per category.

Figures 6A, 6B and 7 will now be referred to in order to further describe steps 202
and 204. Figure 6A shows a typical prior art definition of the radical 240 which is the
character "Guo". According to the recognized radical dictionary definition of this character,
there are two recognized radicals 241 and 242 for the character 240. Using step 202, the

25 present invention breaks down the character 240 into three radicals rather than two radicals
as shown in Figure 6B. In particular, the radical 241 is separated into two radicals 244 and
246 as shown in Figure 6B. This is because the radical 241 is initially begun and before it is
completed the radical 242 is written and the bottom portion of the radical 241 is completed

after completing the radical 242. Thus, by breaking the radical 241 into two radicals 244
15 '



conbined in step 44 to provide the particular recognition result for that

particul ar character. 10
WD 97/ 447

PCT/ U897/‘3§'7§' 758 The system then cycles back to the ne§§rigg%7éqsa9a6te
character in the top n candidate |ist and continues to proceed through
steps 39, 41, 43 and 44 until_all of the top n candjdates have been

pr ocessed 2nh\246 asghon in Figurs EB cthe timersequence 4y the way thase Fadigals are weittep fandach -
e SR AR = T,

P pose covise A B e 85T VnBS b S R P e e R e he
bt ety qugr ossegBfRah LireBapiBng i bkl SADHECA XS il LR RS G Al |

and ded caigd TR Latbd ¥oPfHd6e 3 F4Aidaly Wil dR0 BeOrdekld irPBE /1 thHarbr. LIRSl

present inventions. Mreover, a mx of such systens may be used in order

to i npl enbelppréciated € terd arv often Several Aidicalspeptinracteraad iva) sepdtalb@gitichRip Ut er
may be utilized for certain operations of the present invention while

a pri nt ed radicalsimby be eredted drom ong oramore recognized radicalsa Rigure@ghdwes theed t o
provi de additional processing capabilities as well as to receive the
i nput dat dmplementation op step 20boEFigured. t1o pditighlar, Kigute (7shawsi theerdationof three
handwri tten_ preprocessing - 15 and other operatiogns in conjunction with :
processi ngadicaly g?‘i"dh& ragical dnbecayse of shapachanges. In pytigulas thecawgorytbatdbmput er
SYSUeM0  coical R apmpd Feberathet M8 Shafe S24BE Ecal FRSic 248 s60RE Rl PO
well as a radical while the radical 249 shows the radical when it is used in the vertical
category (either off to the left or off to the right of an associated character or radical). In this
position, the shape of this radical has changed. Radical 250 shows how the radical has
changed in shape duc to the fact that it is now in the horizontal category which means that it
15 is either above or below another radical in a character. According to the present invention as
indicated in step 204, this radical is separated into three radicals, two of which are newly
defined and all three radicals will have a separate HMM.
Referring back to Figure 5, step 206 analyzes the number of common ways a
character is written in terms of radical order. If the handwritten examples from various
20 people show that a character is commonly written in more than .one way in ierms of radical
order, then that particular entire character is defined as a radical. Figure 8 shows various
examples which fall into this category. For example, the characters 260 and 262 (which
represent the English words concave and convex) can be written in numerous ways in terms
of radical order and thus the character as a whole is treated as a radical. That is, character
25 260 is treated as a radical and character 262 is treated as a radical. Similarly, character 264 is
treated as a radical since it often written in two different ways in terms of radical order, and
character 268 is often written in two different ways in terms of radical order and thus |

character 268 is treated as a radical. Then in step 208, an HMM for each newly defined

radical is created by counting the number of direction changes in pen movement, including
' 16



to the present invention which may .i npl enent and enbody the present

I nvention. The conput er system 100 shown in figure 2 includes a bus
101 whi chwW@9B#AT88 ed to a processor 20 102. It will be apPFEUSENBAY% he
processor 102 may be a conventional m croprocessor, such as a Power

PC M croprocessor or other various m croprocessors which are known in the

art. This @o8é fRuMRY fRhSPen uprdhdfgespwHEDIh 2ddical G Rtittér, OTRSSRHber Q8 sitftis G MBY
provi de addi tronal processing capabilities to process digital

si gnal s, sthelradisal'sdhisqroponiomal thethaunamber of diregtionrhangess Thi didvan Markdd en
input. This digital signal processor 108 is also coupled to the 25 bus
101. A nenmorodelwhich isused iss lefirrvight snoslels (Thed MM fore pagticuldr radical after s nenory
functions as main dynamc nenory while a nmass storage device 107, such as a
hard di sk @@nsidering ths steps Qﬂﬁwr%g Broqpetrugted aceerdingite Rorveatipral tecknigwmes.i n t he

meiory 303 ov e rdiRGnE i ot i YT o S usoneator e
medi um Wi QR cbI514C RS Slse RoRT 8 Mo T oAl RORER albion FRASVER!
boe 101 by Béwfy defined rddfi) PAC 36 PhreRIAFIRG O e AVRIDRL O MARaSAIRS feolafy | 00

bus 101 provi ous i'nput~an . evi . uch
o9 e O > Bloay 282 mneri dhonil 1eing BEpROBANER poformE e kel ©F
Pandur 11 ng T ABeE ] L g B e e UL e
char actlér s dird¢tion chamges Sinitaglyi the uadickd 245 sholbini Rigure 6B has nine direction changes

and the radical 246 shown in Figure 6B has one direction change.

Then in step 210 of Figure 5, a dictionary or a lexicon of all the characters basedon a
sequence of the newly defined radicals is formed. A lexical tree of the HMMs of the radicals
is then created. Figure 10 shows two examples of portions of the lexical tree created from

15 the dictionary, where the tree description of the characters is at the radical level. These two
examples are shown as 302 and 304 in Figure 10. The characters 311a, 312a, 313a, 314a,
315a, 316a, 317a, and 318a form fhe character column 306 and are shown in the tree 303 by
the corresponding terminator points 311b through 318b. Similarly the characters 321a
through 326a- are shown represented by the terminating points on the tree 305, where the

20 terminating points are labeled as 321b through 326b of the tree 305. As will be described
below in further detail, this lexical tree representation of the radical hidden Markov models
for the present invention is used as a tree-based }'ecognizer with the well known Viterbi
algorithm to calculate the n best character sequences and hence, ultimately, the n best
characters according to radical sequences.

25 After defining the newly created radicals in creating the initial HMM:s it is typically
necessary to train the radical sequence HMMs as well as to train the geometry recognition
system of the present invention. Radical sequence training is shown in the flowchart of

Figure 11. Figure 11 includes four steps which are practiced according to one embodiment

of invention in order to preprocess characters. These steps, 350, 352, 354, and 356 are
17



typically a conventional pen and tablet device that translates pen notions

generated by a user i nto a sequence of pen signals based upon
periodic ' of the pen's position on the tabl e
si gnal co‘?;aems?{‘od(‘)n s to a coordinant pair (xy) indicating thie)crdésgﬂqsggp

position of the pen. In the preferred enbodi nent, each pen signal signifies
a coordinate pair 10 and the pen signals are generated by sanpling the
pen | ocat cBpleyed HEW ¢rifeducathe varance between print and)gmrpm eXimples dfca lrandolvieted | NQ
i nput device 125 | ows t he, stoaage of each pen sig sequential ly

in a menofYAradiEiand Lo cRRyRSt Rrint slespntgiong F’ﬁ‘i@}‘eaity gs- dﬁé%t%?nﬁhﬁémm@unpum I n

| he.h dev 12 | .
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S her " o SEARLAC RERATIA oft Bk ebidh ".f%ﬂ“ﬁ B ikt OF £t o) O]

provi des %ﬂ&%ﬁ%ﬂu@ﬂ@h%’a&&s% i @Er@ﬁ aﬂg Pﬂ&ﬁhﬂ% h@@hﬂgﬁg ut

provi ded by the user 1s recognize

recogni t i GM3 fystiesstiokd andincludes ParRsiS Phints, but no xﬂtéﬁﬂﬂét% is E&hﬁe@ a0H Yid dthdld
recognition in one enbodinent is consi dered on an on- | recognition

pr ocedur e hand, thepritedstrolktes 370 and37 Isprothideeratibes uins bud lhe Eﬁoltei akehdlg

i nputted. 20 Those skilled in the art will recognize that in an

al ternati m;e@mtngmo Jong jssoks: cAesarding to the priesentinventiondbeitwb Strokes aren Wi t h an
opti cal a scanner) rather than a handwritten input

devi ce 123’5) tegRo. %2‘?“‘??9 'Y&mwémpmematm@tébewwemmm strokesadwchias i es
thi o ol eimgppeed $Far 74 mid 3id ¢ 25 wowas DR 191 1t moEH bateven awivel be
created. Wit halfrorMa¥halagilt FRE MHibRNRkES. apa i wilaR 37 P EorveBeginiga ™ ' "
Substant | el RS Wi sentation, ThIBAEY: bRl B RkEMAGRRIL00 10 Lhe

present inv nt | on; However, Figure
strokes is based on the average speed with which the previous stroke is written and the

distance between consecutive strokes. The first connection point (e.g. point 374a) is

15 calculated by finding the average direction and speed of the last few points (e.g. 3 points) of
the previous stroke to be connected and linearly interpolating based on these values. The
number and position of the rémaining connecting points, such as points 374b and 374c are
based on the same speed value and by linearly interpolating between the first connecting
point and the first point in the next stroke,

20 Next in step 352, the interpolated character is smoothed using a simple triaﬁgular
filter using conventional techniques well known in the art. Next in step 354, the character
(whether printed or cursive) is scaled to be of standard size. This is done by normalizing the
variance of the character. Finally, in step 356, all of the characters are resampled in order to
reduce variation between examples of a character written quickly and examples of a character

25 written slowly. This also makes the resampled representation hardware sampling rate
independent such that faster sampling by faster hardware will not produce a substantiaily
different number of points then slower hardware sampling. Also, the resampling reduces
the number of sampling points for faster processing. The average speed with which a

character is written is calculated by finding the total distance(e.g. Euclidean distance)
18



be considered to show the functional blocks inplemented by a general

pur pose conputer such as that as shown in figure 2. The system shown
in Figure WOSTEKI8es an i nput tablet 50 PCT/US97/08796

12 WD 97/ 44758

PCT/ US97/ 08796 which is coupled to provide an output to a digitizer

52 whi ch piavéie@sy Elﬁb(rﬁeﬁ@:ﬁ\ﬁdéd BY 8 KBk of samplR Yot THY cHaracier} Qﬁé:?rewﬁplgcg”.
| 'S

signals at the periodic intervals. The output fromthe digitizer
coupl ed t o se thuathivivetage gpeed opthechamoter S4hadped b PpredctontinedRist peed TifieS

I ndi cating the pen signals as sanpled in the system This handwiting
pr epr ocess dased4esampling és usbd toaminatiimahaccelomtion ambde-foeclemtion frifomsatioh of\thei n
steps 350, 352, 354, and 356 of Figure 11. The output fromthe

pr epr ocess®en5l the avesegel speed before resamplingwas B0, (dativest fromy for exampleabvidinger
and trainer 56 and to_ an. input of the subcharacter seguence recogni zer and
trai ner g distance gf 200 by lQrP"?"r'r‘é&lEe“cﬁWWIWMWPPQ%&P@@@%%\QNW

recogni zer and trainer 60. These inputs 55a . 55b and_55c provi de each
o L hese. e diBiyA i ver B polt o T FRBapteg, This R RS o acing et &
descri bed lys I ril 4 e sSubcharacter -
sequence. r ERsiirofed i Sodt o463 Hiknce f 280 5 B4 sefech B 00 "Bt &8
val ues requy ' i 4 | gl o i | ow.
S ar |y, S EebRimenti pRcRAAER 1 specd s iABARY e Qerke GERFIIGHICE 7V
the geonet Irifo ¥ 0ad adahis ratit-vhlasis BRALsed b déBrmARIRwWiady pdifts BSefiove fidin
subchar acter | ayout recognition. The whol e character recogni zer and

t rai ner1(6 thewesamplad sharactarnif direre isrecfractioh prodocdddyahia ratits, ten ph @tbrpokatién Rat i on
in order to select the n best possible characters for further

consi der at ipsrfotyed togprevide tha ngwinsmbee gf pointe on Seagsampled chatacter.ai ner 58 and

t he subcharacter - . .
After resampling all characters, the present invention in step 358 extracts the

representative features(e.g. delta x and delta y between consecutive, resampled points) for a
particular radical and these extracted features are then used to train the handwritten characters

15 for which recognition is desired. The discrete hidden Markov radical models are trained for
radical sequence recognition in step 360 using standard procedures; see, for example, L.E.
Baum, "Incquality and Associated Maximization Technique In Statistical Estimation of
Probabilistic Functions of Markov processes", Inequalities, vol. 3, pp. 1-8 (1972); Also see
K. Lee "Automatic Speech Recognition: The development of The SPHINX System”,

20 Kluwer, Boston (1989). Thus, all handwritten characters are trained after performing
preprocessing for the characters and extracting representative features. The extraction of
representative features is shown further detail in Figure 14.

The radical sequence recognition procedures of the present invention according to
one embodiment will now be described while referring to Figure 15. This method begins in

25  step 400 in which the digitized input is received. If the digitized input are printed characters,
(indicated by pen lifts while tracing the character) the interpolation step between consecutive
strokes is performed to create a one stroke version as described above. Then a smoothing
operation is performed on the interpolated characters in step 402. Next, a scaling operation

of all inputted characters is performed in step 404. Then, resampling of all characters occurs
- 19



| ayout (geonetry) recognizer 60. The output fromthe whole character

recogni zer 56 is provi ded over the interconnect 57 to an input of the
subchar acter _seguence recogni zer 58 and to an input 1ﬁ#ﬁg cter
| ayout (936M§%%%8recognizer 60. 20 Each of theqﬁ%| S @%&958 and
60 are each coupled to a nenory which may in fact be one menory

havi ng different portions addressed by the different units. The nenory 62
cont ai ns an skap 406 sedestrib¢dabord.i Nextiinstep 408, thecrepresensativie featunes axs epftiactiad | s

used to classify the whol e characters in order. to obtain the n best
list of clvdiely@assosdingite Anggmebodiaentof theripyantan, uses the deltay andydeliay valugsy ¢ ne

[ its 58 and 60. Th b '
[?5?%2? ZS&»;Fvé‘e'eeEameeﬁt?\feorqswigﬁséﬁgf o g B ALl AR eain0 ool ve
an tor ta.. I . . it L Qi
an 540" S8ghin e o8 bl e Y BB R RIS,
repr esant : l, dAen MBS ‘ﬂﬂés@ : '
thg prgge%#@%&?r?ﬁ’%ﬁ“%%@%%%ﬁé“ﬁ& sequences‘ﬂa(;?‘airrglgi cal ?ﬁkﬁdgég‘ﬁfl "

model - memagctactet RicAds dietiGaRy-ifentidmgl KA tice g s e whi ch
I's used to recogni S%quaencseurg%%&r act%r Ila;gytjt g g predaditaioh of

13 the subeh&4étériiiiden Markov models, and only those subcharacter contained in the active

PCT/ US97/ 08796 during the subcharacter |ayout recognition procedures
descri bed dictionary gye ewaludted. rifhemt nost probable characters stlectediby theqrealassificationd i n
the n best |ist of characters provided by the whol e character '
recogni zerm&bod déseribedsahove medke ¢harrsters inithe astive dictionagy. e tegbaggrdch are
provided to the inputs . 68a, 68b, and 68c . to nmul tL&I}i er 70. These three
probabi® i teeagniacs usnEcopYsEignal sechpigps galgnlates the n best subCharacter sequences by

determining the n best probabilities for the n best candidate characters based on the radical
sequence recognition. This provides the list indicated in step 412. Then in step 414, the
results of the radical sequence recdgnition are combined with the results from the geometric
layout recognition and the results from the preciassiﬁcation recognition by multiplying the

15 three different probabilities for each candidate character in the active dictionary to provide a
fina! probability for the candidate character. Then the candidate character with the highest
final probability is selected as the recognized character. The geometric layout recognition is
described in detail below, particularly in conjunction with Figureé .18 and 19.

Figure 16 illustrates a geometric layout training procedure according to one

20 embodiment of the present invention. In step 425, n handwritten examples are obtained for
each radical in a particular character. These éxamples are digitized and preprocessed using
the techniques described above, including interpélation, smoothing, scaling, and
resampling. The Viterbi algorithm using the radical HMMs of the invention achieves
segmentaﬁon automatically into the radicals because the Viterbi algorithm records the

25 alignment of the process data points to the hidden Markov model states so that the processed
character can be segmented into a sequence of subcharacters. That is, segmentation of a
character into its subcharacter components is performed during the subcharacter sequence
recognition which occurs while geometric layout training occurs. This is shown in further

detail in Figures 17A and 17B. In particular, the printed character 454 which includes
' 20



5 single probability for the particular character. This nultiplication

operation is performed for each such character in the n best |ist
sel ect ed bWOE47Bol e character recogi zer 56 (a pr ecl BSE{USPEI8T9GNd
this provides a final cunulative list 72 of the n best probabilities for

t he possi bl e candi date characters. A selector 74 selects the highest
probabi | i t Yadils 450 didi452ti€6onverted intdihe CASIVE BharacteCA5E vliitlefs séfarated At the
Figure 4 illustrates another enbodi nent of the present invention which may
be C poit 462 o the thve radipals 45 and-460c A< showarinl figorenlt78J certain bf ¢ poiifis on
slot (e.g. a PCl bus slot) of a conputer systemor it may be

consi der ed onghdrwosradicals aed aligneptocthe owdpl stases ip et BMMs 480 4nd 482. In phrticelat,he
digital processor 154 is a nmmin processing unit, such as a Power PC

ni cr opr oc e Psesessed datapeint A7 alignedio thebiddensMarkoy wradestele A7@awhidethe/ 120. The
ol ot Brresed chth ol 405 (el ropresents e Jps BAle P &lons e s ASGHERSS Of Hfough
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| ayout traiNghiey fddel st 4R60MYH &E%atﬂfiﬁfgﬁﬁﬁﬂ‘ﬂaﬁm@miﬁhﬁﬂ%é? esst N€

Viterbi processing conputer code an storage 158Db;” the prepfocessing
conput er prdagypoints ke AdtdeSitNAEs@hdt WEprocess atideitdrican Be segmentedifiata séqdencd S8d
obtained fromthe input tablet 150; the subcharacter HVM sequence nenory
158e whi®h df sutichdmetersin arder feor thogddnmtricdaymit tiaming@and recbguititny) froeedure to
preclassifier (this active portion contains the active characters

desi gnat ed W9tkt he precl assifier); subcharacter layout 25 nodel menory
158f which al so includes -an active portion containing the geonetric nodels

for the active diefersagagain bagktofiguigls) ia stapA2d clour vapesargsampyted fareacthenor y
158g whi ch

example of the radical in the character. These values are the mean of x (mean xi), the mean
of y (mean yi), the variance of x (var xi), and variance of y (var yi). These four values for
15 each radical may then be used to determine the statistics for the n handwritten examples of
the radical and these statistics are stored as indicated in step 429, In particular, step 429
indicates the eight different valués which are determined and stored from n handwritten
examples, each of which has the four values as calculated as indicated in step 427. Step 429
provides four gaussian distributions which are stored and which describe the radical in the
20 particular character. Examples of these four radical gaussian distributions are shown in
Figure 19. Then in step 431, steps 425,427, and 429 are repeated for the next radical for the
particular character. This continues until all radicals for the particular character are
processed. Then in step 433, the next character is taken up and processed according to steps
425,427, 429 and 431. This will produce a group of four gaussian distributions as shown
25 in figure 19 for each radical in each character which is used to form the geometric model for
. each radical which is then used in the geometric layout recognition procedure described in
conjunction with figure 18. Figure 17C shows a method for measuring the center of the

various radicals; each of the radicals within a character is measured relative to the same

21



I ncl udes conputer prograns and data necessary for the preclassification
nmet hods. A nethod for designing the radicals for use of the
resent | ' will now be descri bed while refergd igure 5.
'FI)'he met hgﬁy?@%?%; in step 200 by defining a set of deﬁgsg%sr% .
14 WD 97/ 44758
PCT/ US97/ 08796 subcharacters (radicals) for a particul ar | anguage.
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radi cal s defined in step 200. "For eac recognl zé hat is not

conpl et ededquhes featibesiwich sre ABCHSEY foracifcttation dslaBscribed Mdve'are Lllficted.
met hod of the present invention separates the radicals into smaller

radi cal s Fhenirhsiep 504, thesNiertibi ssarch Ehroughnthb eadicatrsdqaénd HMIMY i peffornied; 49
another radical. It will be appreciated that the official stroke
order i s desrsibed ghave; thisgaareh istlimitagn one embodiment td theecharactersselezted bysthé he
recogni zed order for the particular recogni zed radical. Thus, step
202 take&@?@éﬂ e gh that anly aetivegharggtgrsace sgasched. Then thoghiarastenis seghientad

2 2 Yl 508 2584 8,0 oo B e ey
radi cal tillﬂ:ﬁ:ﬁte& PREAT re'eNeridd 1h QQB 590 thesé cttx‘i&g{eﬁ ‘geometric features are used to map

to the four gaussian distributions of each radical of the active characters in the dictionary to

produce four probabilities for each radical in the active dictionéry. This is shown in further
detail in figure 19 in which the four extracted geometric features 563, 573, 582, and 592 are

15 used to obtain four probabilities, P1, P2, P3 and P4 from the four gaussian probability
distributions 550, 552, 554 and 556 respectively. Then in step 512, the four probabilities
are multiplied together for each radical in the active dictionary to obtain one geometric layout
probability value for each such radical in a character. Then in step 514, the average
probability for all radicals in the character is calculated and this average probability is also

20 calculated for all the characters in the active dictionary by performing steps 508, 510, and
512 and the average calculation step of 514 for each radical in all other characters in the
active dictionary.- Then in step 516 the n best set of characters having the highest
probabilities is selected by ranking the candidate characters in the active dictionary into the n
best list based on this layout reﬁognition process. Then as indicated in step 414 of figure 15,

25 the probability result for each character of the n best list of candidate character from the
layout recognition procedure is combined with the corresponding probabilities for that
character from the preclassification procedure and the radical sequence recognition procedure

in order to obtain a final probability for the candidate character as well as final probability
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It is known that ideographic characters can be broken down into four basic

constructs of radi cal s: vertical division, horizontal division,
encapsul atwon7aemdssuperi nposition. A dictionary defi nedTAUSsTEBg%E zed)
radi cal can appear in one or nore of these categories. According to

the present invention, the nmethod finds every radical that appears in nore
than 20 o e i I . ory.
Fi gur cs. oAV HRE orAPbHeARaREETASAORT TRE e CRNORETIANCE Brviliflhe SRERY, V.

steps 202 ?robabili@rigsé%d &5 tBd feRofiftectitOicr diRdicabd R g 4yt definition of
t he radi cal 240 which is the character "@uo". According to the

recogni zed radi Namefdustalterative shibiodithéntOsf e idvehoroRill RAiiesstood by théseer € are
two recogni zed radicals 241 and 242 for the character 240. Using step 202,
the 25 pskdlahin theae aftéroefelringtioshejmesent invemiont For exan2plé, viaribus dspecsof the
radicals rather than two radicals as shown in Figure 6B. In

par t i cuPar inventionrmay bexpragticedivwythoapusing apretiassifiarwo a praglassificatipapregess. Also,

246 as shown in Figure 6B. This is because the radical 241 is initially

begun and #tatisrembodiment may nolGreale eqparate, Rewly figfined radicalsifromya radicahwhich t he

bottom portion qQf the radical 241,is.canplete ) after conpleting the
P01 onl "5 4SEPEAT IR mGRS theR 90 FHEEORY (5.5 KO R 24 vericel CoRBORER) ol s 244"

15 97/ 44758 . - o
PeT/ Uso7/ 08796 I the Torkging specification, e inyention fips.bess detarlbed it refsrRRER e | 1
Pe 108796 s r e’ !
1€, PGSR Bt s, okl Vo Sa AT |
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invention. The specification and drawings are, accordingly, to be regarded in an illustrative

rather than an restrictive sense.
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order or sequence in tine beginning fromradical 244 to radical 245 and
then lastly to radical 5 246. The HW states for these 3 radicals wll

al so be ofde jntime in this manner. It wll be a ' t hat
there ar eevg’fs{"g‘g?ggever al radicals per character and thus, sgg‘k&%k%f’gg?ti onal
radi cals may be created fromone or nore recogni zed radicals. Figure 7
shows t he i npl enrentation of step 204 of Figure 5. In particular,
Figure 7 €HoAEMShe creation of three radicals fromthe radical "R "
because of shape changes. In particular, the category that the 10 radical

"Ri " apped¥&Clamdet er mi nes the shape of the radical. The radical 248 is a

character as wel | aSO? radi.cal while the radical 249 shows the
radi cal when itl-is fsBthod of reogpizing ahandwritten charelgheomprisingier of f to t he

| ef ff he righ ' . icgal). hi

posi t1on. 1 ho. ShaperPe bt R fo £65E me o vt abtion S 568 chimePhow ¢ ne
dical h | t (S P .n th

nor i zont ai - cat SYBPSIGRIALR nhidu AR foft o ol ipe@of h dony boliog Ry,

another T eiradbr, biid3ecihapdfiic/of sA8 CRAABIhaihel 3En BEFRRATK) FIISWAR

indicated in step 204, this radical 1s separated into three radicals, two
of whi ch am-gpmmry defined and all three radicals will have a
separate HWM Referring back to Figure 5, step 206 anal yzes
t he nunber of GonmorA westsodas in Claimdhwherein saidifisst portiondsa first kadicab amf saiddi cal
order. If the handwitten exanples fromvarious 20 people show that a
char act er seeondportion is awe¢andeadical. nore than one way in terns of radical

order, then that particular entire character is defined as_a radical.
Fi gure 8 shows 3vari dh#nethod as inClaig| 2wherpin said fisst madal is aifissthidden ddarkov  For

wor e con st S saibirsend moge oa Schond BT Mepkavaptl apd pbercin g rond. o
radi cal or t rragter. as a whole is treated as a radical.
That is, 5‘&%&%?@@9%% f?’@_@%%%}?fﬁiéﬁ(ﬁdggm&gﬂ% radi cal and char acter 262 is
treated as a radi cal g pahHd Rh Elaidh ¥ AR said Hdndwhitten character is a cursively

written character and wherein said method is an on-line method of recognizing a handwritten

character.

5. A method as in Claim 3 wherein said handwritten character is a printed
character. _

6. A method as in Claim 5 wherein éaid handwritten character is preprocéssed to

provide a cursively written representation and said handwritten input is said cursively written
representation. _
7. A method as in Claim 3 further comprising:
comparing a first geometric feature of séid first portion to a first geometric
model of said first portion;
corriparing a second geometric feature of said second portion to said first

geometric model.

_—
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treated as a radical since it often witten in tw different ways in terns
of radical order, and character 268 is often witten in two

di fferent WQ874435& erns of radical order and thus ChRCRIULI7/08BG | S
treated as a radical. Then in step 208, an HW for each newy defined
radical is created by counting the nunber of direction changes in pen

movement, includgng A method as in Claim 7 further comprising;: 16
WD 97/ 44758

PCT/ US97/ 08796 ddmsaing @aiIfirét RBoMEEI Rl P s ARG Bmiopis R séddga " adi cal
Is witten. The nunber of states in the radical's HW i s proportional

t o t he nuntgeomefricdnoded of said sdvand)partioithe hi dden Mar kov nmodel which is
used is a left to right nodel. The HW for a particular radical after
consi deri ng the stepscopparingsaid second geomelric fieaturd ofisaid setiond) portion ensaddit | onal
t echni ques. 5 . Figure 9 shows the nmethod of counting direction
changes forseﬁo’ﬁagef’mm%mﬁ?e&di cal, | such as the radical 244. In this
case it can be sgen that di rection changes for new y

defined radical 244. ﬁ“'iS‘tah 483{5%?1\1,\&;@\;{1%\# said firgt geomptric Seaturs cgmnmgn cal |
and th i f 2 i . i ]
or 1 ol ety TReAPTIBE & gonter oF BT il o s hah orife bhatectop nd %&’a{‘f%;dé@& i

| ! ! . 10
Grocti on Cegheicidel bompiths ReR f6t 4 Bugallyor S8t 0t bl B Slaipidhr [0

direction Garn@®6portion. and the radical 246 shown in Figure 6B has one
direction change. Then in step 210 of Figure 5, a dictionary

or a lexicon of H.l tAensth&l #dh OlimPibwhsteiRaid first porticrequence of the newy
defined radicals is formed. A lexical tree of the HWs of the radicals

i s then creatmplisesd finst portibn shawsogniredradion|and saifl st ippitfonComipkices 36/

tree creal ep%rt];(;nogg said recognized radical, wherein said first portion is normally written first and -
then at Jeast another portion of another recognized radical is written and then said second
portion-is written.

11. A method as in Claim 1 wherein said character comprises a first recognized
radical and a second recognized radical and wherein said method recognizes said character
by using said first rhodel for both said first recognized radical and said second recognized
radical and wherein said first portion comprises said first recognized radical and said second
reéognized radical, and wherein said second recognized radical is normally written either
before or after said first recognized radical.

12. A method for recognizing a handwritten character comprising:

comparing a first geometric feature of a first portion of a character to a first geometric
model of said first portion;

comparing a second geometric feature of a second portion of said character to said

first geometric model of said first portion,

13. A method as in Claim 12 wherein said first portion and said second portion

are first and second radicals of said character.

R
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15 the dictionary, where the tree-description of the characters is at the

radi cal |evel. These two exa 302 and 304 in Figure
10. The characters 31l a, 312a, 313m|ﬂﬂgﬂm|mmﬂﬂm‘a 316a, 317a, and 318a
form the MOS8 col unn 306 and aressShown | n the tree 305CE(USI7/08796 ¢ he

correspondi ng term nator points 311b through 318b. Simlarly the characters

321a t hrough 326a are shown represented by the term nating points on
the tree 305, viwere AhethodQs ik €[aimﬂatﬂ1ﬂ&rléampb§in§§égrﬂeﬁﬂﬁé§£dB&Kﬁﬁ'ﬂtﬁnt hr ough
326b of the tree 305. As will be described bel ow in further detail,

thi s | exi chhracteeby nsing @ Yitetbh séanch thfougha lexichl tre¢ of hiddearMatkok modelsdel s
for the present invention is used as-a tree-based recognizer with the well
known Vi t @epiprising firstzang se¢ond madslscofisaid| firstand lsecond paslizal har act er sequences

and hence, uIt| rrateIX the n _best characters_according to radical
sequences. methodrasdp Claim; lm\ﬁ@fr@nealﬂ@mtyn%s@a%moﬂ%u have beenn
creating y&ﬁ?fg H irlst%/ ically necessary to train the
r adi cal B "ags% Jc tae gaguencs; n the geonetry recognition

.system of the se | hown in the
fl owmchart of "6 FAgur e% n?glaéﬁflg %mlﬁgﬁaﬁgsgg?%%&gﬁégge WE‘E\”&%
practiced et
pr eprocess ﬁgﬁgﬁpglrt%&f%ﬂgsfgﬂ?g@ps %%‘8 ha%%&%ﬁieggﬁx and ‘g&r&h%{d firk
17 - geombliichoded éorf for a plurality of centers of a plurality of exampl
PCT/ US97/ (%7516 enp %q;ggntlegnt?rya%o rngdouccgntrﬁg Sé’r. alrtl)c,:g %xet \Beeesr?fprl nt

and cursi saidefimpereien.of a handwitten character and to convert print

styles into one stroke styles. In step 350, the digitized input is
17. A method of recognizing a handwritten character comprising:

receiving an input of said handwritten character, wherein said handwritten
character is written with multiple strokes;

preprocessing said input to provide a one-stroke written representation of
said handwritten character.

18. A method as in Claim 17 wherein said preprocessing step cbmprises at least
one of interpolating points in said input, smoothing said points, scaling said points and
resampling said points.

19. A method of creating a databasa of radicals for use in handwriting recognition
of a handwritten character, said method comprising: .

storing a first model in a computer readable storage medium for a first portion of said
character;

storing a second model in said compﬁter readable storage medium for a second
portion of said character, wherein said first portion comprises a first portion of a recognized
radical and said sécond portion comprises a second portion of said recognized radical,
wherein said first portion is normally written first and then at least another portion of another

recognized radical is written and then said second portion is written.

20. A method as in Claim 19 wherein said first mode! is a first hidden Markov

model for said first portion and said second mode! is a second hidden Markov model for said

second portion and wherein said first model is defined to follow in time said second model.
26



received and, for printed characters, there is an interpolation of the
poi nts between the consecutive strokes to create a one stroke version
of the priwed7d4vd8acter. OF course, one-- 5 stroke handw PCT/E897/08796
characters do not require interpolation. As shown in figure 12 the stroke
373 is one-stroke and includes various points, but no interpolation is

required. On theyp the%metho?(of‘@r@éilngtaﬂfau—f%éerﬁﬁgdx §f5¥ﬁ§eiﬁﬁ Eu??l produce

vari ous p0| nts bUt t he strokes are not er connecte one

stroke. AccRESédiford, QaiietRéEsrisingyent i on the two strokes are
I nt er pol at ed bet ween by providing |nterpolated poi nts between consecutive

strokes, such asstofifig a fifst eadel inla@dmipdtareadabldstoRpe meditnt for & frktQ¥edghized | gUT ©
12. It is noted that even "cursive' witing may forma character with
mul tiple stradicak, and this witing will be converted into a

si ngl e-stroke representation. The nunber of points added for connecting
consecutive ~  Stoxngagecend mosabe@méwomnteam@g@t@pgemedmmfmd irsthe
previ ous stroke witten gnd th stance between consecutive

st r okes. Th’@c'sz%ftd radigplesaid gﬁt Eﬁ?&ﬂlzqdé“d@cal@avm diffeaent shapes depending onithe vse by
finding the ave dlrectl nd speed of the last few points (e.g. 3

poi nts) of of s JF‘% (5?3‘8 i@l”?% e connected and linearly

i nt | at b d I T, d f th
remai hing comnecting Aorenef st ol 2 Wheein sig B Iides B BAMGbeMhatloy 03
on the Samemsaged\alEindl s Meakdhiddth MaRbAMolg, POt Ween the first

connecti ng poi nt and first pornt in the next stroke. 20
Next in step 35223theA!m&mwef@&zﬁﬁxg@fwabwmﬁcm%mahuﬁdmufgr'éb :?on
triangul ar filter using conventional techniques well known

art. Next iof Shedwsiteén chdtactesaidfietiod comprisiighet her printed or cur5|ve) i's
scaled to be of standard size. This is done by normalizing the

vari ance of the sthrngag fiest hiddemMarkov moded ircppeodipfuter a¢ddabli stonageahedivmfers ar e
resanpled in order to reduce variation between exanples of a

charact er viifst perion of said ghasacterexanpl es of a character

storing a second hidden Markov model in said computer readable storage medium for
a second portion of said cha;écter, wherein said second hidden Markov mode! having been
defined as following in time said first hidden Markov model.

24, A method as in Claim 23 further comprising:

storing a first geometric model of said first portion;

storing a second geometric model pf said second portion.

25. A method as in Claim 23 wherein said first portion comprises a first portion
of a recognized radical and said second portion comprises a second portion of said
recognized radical, wherein said first portion is normally written first and at least another
portion of another recognized radical is written and then said second portion is written.

26. A method as in Claim 23 wherein said character comprises a first recognized
radical and a second recognized radical and wherein said method recognizes said character
by using said first model for both said first recognized radical and said second recognized
radical and wherein said first portion comprises said first recognized radical and said second

recognized radical, and wherein said second recognized radical is normally written either

before or after said first recognized radical. —_—

D R 0



25 witten slowy. This also nmakes the resanpl ed representati on hardware
sanpling rate I ndependent such that faster sanpling by faster

har dwar e \ produce a substantially di fferent of points
t hen sl ooﬂ?uﬂ‘g‘? re sanpling. Al so, the resanpling reduchs%/os e -
nunber of sanpling points for faster processing. The average speed with

whi ch a character is witten is calculated by finding the total
di stance(e. g. %Hucl i faligitaliproressipgsystem comprising:

18 WO 97/ 44758 | . . _

PCT/ US97/ 087963n input tablet forinputting handavristen charggtersd by t he\ \l“‘HHl“ “l“ “Iwm
points. The character, is tagian reégg!fl ed so that theraverage ®spéed* of
the character %USOQUPIGAIP s Impptiablel o i ned fast speed. Tine based
resanpling is used to nai @t (ili n.@bl .accel eration and de-accel eration

i nf or mat i on of2 PIRECsSOr couRle 1o 33 bys: "2\ er age speed before resanpling was 20,
(derived from ey Qa3 B Ls pOIi npt s)
then a resanpl%’&Qéﬁ?g@?gﬁt?géggkg%’ggdgﬂle%%ﬁe&é#?mx?%dsefgpaE&tﬁgﬁg@g&?of 40
Wil 1t akey Ehapdcter AE&IRI 16 BE Ricopiizéd) Snd§tBfif 4 Second Mbdel!of ad6ddni {ing
that a preédeterm' ned fog‘gtz sp?aed 011?2340 V\?th acdi gtgér?ge%gpi@%sgiaan be

achi eved dhrdetepGaid iemd#ystoringisaid secondanédebsithdhareditl stdvnd Picieeisefthée@d f ast
speed is-divided by the average speed to provide a rati o val ue and

-t hi s rat ifollowlindmesaidfirst meded t 0 det ermi ne how nany points to renove from
10 the resanpled character; if there is a fraction produced by this ratio,
then an inter pB.at i Asystem as in Clajra 27 ovhersin said firsbportion isrefinstradivahdnedrsaif

poi nts on the, resanpl ed character. After resanpling all

char act er$condportionisasecondsadicalon i n step 358 extracts the

represent al i ve,d cal yr.GSCS din ERkh 3 itAh 54 h ol LS Rk RRIRE VALY
model and said second model is a second hidden Markov model. |

30. A system as in Claim 27 wherein said processor recognizes an inputted
handwritten character by comparing a representatibn of said inputted handwritten character to
said first model and then to said second model.

31. A system as in Claim 30 wherein said representation is a preprocessed
representation such that if said inputted handwritten character is a printed character, said
preprocessed representation.provides a one-stroke written representation of said printed
characters.

32. A systemas in Claim 30 wherein said system comprises a printed circuit
housing which is adapted to connect to a corhputer s'}"stem through an expansion connection
of said computef system.

| 33.  Asystem as in Claim 32 wherein said bus and said processor are positioned
on said printed circuit housing.

34. Asystemasin Claim 30 wherein said system is part of a compﬁter system
and said bus is a system bus and said processor is a central prdcessing unit of said computer

system.

35. A systemas in Claim 30 wherein said memory further stores a first geometric

model of said first portion and stores a second geometric mode! of said second portion.
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particul ar radical and these extracted features are then used to train the
handwitten characters 15 for which recognition is desired. The discrete
hi dden MarwowM4a$Bcal nodels are trained for radi cal BEHLSH0E796
recognition in step 360 using standard procedures; see, for exanple, L.E
Baum "Inequality and Associ ated Maxi m zation Technique In Statistical

Estimation of 36, FX 9fiadh bd MICIGinT 95 GhbRASsaRS pyBessMuRhEGESTHRzes sai
Inequalities, vol. 3, pp. 1-8 (1972); Al so saeep K. Lee 'Auf?)?raé?i c

Speech Rec e@;)mnw afidwriten¢baatiorpsympring AdirsigebhitricYedteralof said Girst kbiioR to
Boston (1989). Thus, all handwitten characters are trained after

per f or m ng said first ggompiricanadel angl Byocompaeing laaecont geametnid feattre of sdid gecond
representative features. The extraction of representative features is
shown f urt Ipertiondo said first geometrie mogdel. The radi cal sequence
recogni tion procedures of the present invention according to,. .. one
enbodi ment wi | | 3ow Hhsyiiare as Blelaig 3¢ whereinssaid prgcsssormerigrms 4 Yiterbi searghet hod

beqi : . . . digitized i s ived. 1f th

digi i zed Hguen RBical on o ol Hiddod MarkSy o aredn B0 ey B i | o
i h ' | ati bet. j .

R g ALk M SR B F RO AR  A si

Then a S”D%Emnﬁ%ddeﬂé\ga&ﬁgwpn is perforned on the interpol ated

characters 1n step a scaling operation of all inputted

characters is peygf or nRdigital fro@idsifif 4ysterh 88in C18RAIP Wh@&irpéai@iiﬂgst pérabARCt er S\/\o
occurs

97/ 44758  comprises a first portion of a recognized radical and said second portion comprises a second
PCT/ US97/ 08796 in step 406 as descri bed above. Next in step 408, the
r epr esent atpontéonfefabidrecognized eadicalothetein said first portion is normally written first in time
and then at least another portion of another recognized radical is written and then said second
portion is written,

39. A digital processing system comprising:

an input for inputting handwritten characters;

a bus coupled to said input;

a processor coupled to said bus; - ’

a memory coupled to said bus, said memory storing a first model for a first
recognized radical and storing a second model for said first recognized radical, said first
recognized radical having different shapes depending on the use of said first recognized
radical in a character.

40. A digital processing system as in Claim 27 wherein said memory stores
preclassification data and instructions for selecting n best characters from a larger number of
characters.

41. A digital processing system as in Claim 36 wherein said memory stores
preciassification data and instructions for selecting n best characters from a larger number of

characters.

\\
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whi ch, according to one enbodi nent. of the invention, uses the delta x and

delta y val ues bet ween consecutive, resanpled points Then in step 410,
the actu hadl-eal sequence recogni ti on procedure occ by using the
Vi t er bi ?83?’?{’%%0 search the lexical tree 5 repr esentéﬁ’g 987%ne .

radical HWs. In a preferred enbodi nent of the present invention, the
subchar acter sequence recognition is dictionary-driven using a lexical tree
represent ati on4df A compuigs readpblp storage enediting cntaining leecutabléaiompurend onl y
t hose subcharacter contained jn the active, . dictionary are eval uated.
The n nosPrOSFA Hisfuctigns whish-vhencxeentedby # disitakprpeessing systam eause the system
met hod degcrj bed . .above are the characters in the active dictionary. The .
tree base(??‘gcf@%nr@%gl&?ﬁ%r, usi ng conventional techniques, calculates the n
best subcharac . £ " determning the n best probabilities
for the n best E@é %ﬁ%&f Pé&i%g%gf"effgmﬁa@é‘ hPORIR Of 3 gharartcr to a IS REqmERTCe
recogni ti giddel Utis&id o\ .the Iist indicated in step 412. Then in step

drppenn

d $280

el

414, the resu he radi cal sequence recognition are conbi ned

W th the resul ¢Smpdritip 4 feoriBRERIefricYeature of _a'sééﬂﬂﬁ%:oﬁﬁﬁw_@iih bﬁﬂa&éﬂokﬁ?
results fromthe preclassification recognition By multiplying the 15

t hree di f fiest gemgirio nwidel oftsaidSirbtportéch candi date character in the active
dictionary to provide a final probability for the candi date
character. Thef3t he Accomputxireadable stocigemedirh ag incClhing42 wherein said firsnal
probability is selected as the recogni zed character. The geonetric |ayout
recogni t i BPrtips and said sepead pomtien are firgicandisecapd iradicalpel saidoahiasactey andwherejnunct i on
with Figures 18 and 19. ) . Figure 16 illustrates a geonetric

| ayout tr F’ﬁé“’ﬁ? ERILAINS Exegitable insHyctians 8&‘&}‘ when exagiind qapse the systane tr esent

o cal 1 ReSpbE Riefion sesetfe tia EhetnE i aRingy Sarch Aoty grovear bidden 7"
P or pol akdihbdkls comprisil st SE1IBLR0dTR6H spfifiath tEcontiaitely. 07,
al gorithm usi ngqt he o afiirdr rédiiBie Sordgdnddititfy B inQlaiRf 43 &¥&Sin said second

mode! has been defined to follow said first model] in time.

45. A computer readable storage medium as in Claim 42 wherein said medit;m
contains executable instructions which when executed cause the system to perform the step
of preclassifying n best characters by selecting the n best characters from a larger number of
characters.

46. A computer readable storage medium containing executable computer
program instructions which when executed by a digital processing system cause the system
to perform the steps of:

comparing a handwritten input to a first mode! of a first portion of a character;

- comparing said handwritten input to a second model of a second portion of said
character, said second portion of said character having been defined to follow in time said
first portion.

47. A coniputer readable storage medium as in claim 46 wherein said first model
is a first hidden Markov model and said second model is a second hidden Markov model,

and wherein said second model is defined to follow said first model in time.

30
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segnentation automatically into the radicals because the Viterbi algorithm
records the 25 alignnment of the process data points to the hi dden Markov
nodel statW® %#4738at t he processed character can be BEEMHSATR&I% nto a-
sequence of subcharacters. That is, segnentation of a character into
Its subcharacter components is perfornmed during the subcharacter sequence

recogni tion whi g, OCWE&nWﬂbﬂ readiBR FdrhgSmbdin@ as i CRiM 4B WHRRAN §ald -Eﬁiuﬁn' S
shown in further detail in Figures 17A and 17B. In partlclq

printed chabarinsinstadtionsivetiich whénielguted cause the system to perform the steps of:

20 WD 97/ 44758

PCT/ US97/ 08796 comparingal ficsh peorddific feathrel62saidsfirstoporeort 1ch finst geotrisericamods] o€
character 456 which is separated at the point 462 into the two

radi cal s 45&8ddiet ppeidon; As shown in figure 17B, certain of the points on
the two radicals are aligned ,to the npodel tes in the HW5 480 and 482.
In particul ar, °°mpaﬁ?%ég%c§'8‘éigﬁ§’c‘%{“‘bfﬁaﬂ¥e Qés@aq s¢cond RpHen tosaidifirst gegmetric

Mar kov m)dequé ate 470a while the 5 processed data point 475 (which
represent s M€ ast data point along the time sequence of the radi cal

el a0 o0 4% " A Somll C§Fda%§§*'§g'§$$#?i{§‘r‘f?ﬁ'fﬁéﬂ%o. Syt g s
radical 46Q, hﬁ: %e'agﬁ@pr%g 5‘%%@ second rec rucu‘f‘ad'i&ﬁpahd%@xteﬁx fa@a and
g htal ns t

the Verti bi orithm mai e al 1 gnnent he process

points to kﬂﬁaﬁﬁﬁﬁ'm&%ﬁiz@é sihg 8did Fike mddeIBSBoth bﬁﬂ ﬁ%%cogﬁﬁﬂecbﬁdﬁﬁgﬂﬁ‘t ed

I nto a sequence subc aracters in order for the geonetric |ayout

traini ng (asebndaecagnized calicabam-whierein shid first portiohoknprises said first recogniadf er ri ng

again back to Figure 16, in step 427, four values are conputed for each
radical and said second recognized radxcal and wherein said second recognized radical is

normally written either before or after said first recognized radical.

| 50. A computer readable storage medium as in Claim 46 wherein said medium
contains instructions which when executed cause the system to perform the step.of
preclassifying n best characters by selecting the n best characters from a larger number of
characters.

51.  An apparatus for recognizing a handwritten character comprising:

means for comparing a handwritten input to a first model of a first portion of said
character; and |

meané for comparing said handwritten input to a second model of a second portion
of said character said second portion of said character having been defined to follow in time
said first portion. _

52.  An apparatus as in Claim 51 wherein said first model is a first hidden Markov
model and said second model is a second hidden Markov model, and wherein said second
model is defined to follow said first model in time.

53.  An apparatus as in Claim 52 comprising:

means for comparing a first geometric feature of said first portion to a first

geometric model of said first portion;
I —
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exanple of the radical in the character. These values are the nean of Xx
(nmean xi), the nean of y (nean yi), the variance of x (var xi), and
vari anc f ar yi). These four values for 15 each rggj t hen be
used toaygF@%ﬁﬁﬁe the statistics for the n handwitten exgﬁgﬁgg"o s )
the radical and these statistics are stored as indicated in step 429. In
particul ar, step 429 i ndi cates the eight different values which are
det erni ned and st omeeans feseomphrngisecond geometric featusgrpf said seeendpastiomtoi ch has
the four values as calculated as indicated in step 427. Step 429

provi des Stigfirstggomstriemededs i buti ons which are stored and which describe
the radical in the 20 particular character. Exanples of these four

radi cal gaussian distributions are showar—n—_____ Figure 19. Then in step
431, steps 425,427, and 429 are repeatﬁ@ufor the next tadical for the

particul ar character. This continues u ” ! for the particul ar
xt character is

character are processed. Then in

taken up and processed according to steps LYY 3 7, 429 and 431. This
wi |l produce a group of four gaussian distributions as showmm 25 in figure
19 for each radical in each character which is used to formthe geonetric
nodel for each radical which is then used in the geonetric |ayout
recognition procedure described in conjunction with figure 18. Figure
17C shows a nethod for neasuring the center of the various radicals;

each of the radicals within a character is neasured relative to the sane
21 WO 97/ 44758
PCT/ US97/ 08796
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coordi nate system such that the center of each radica
the other centers as shown in flgu
nmet hod of geonetric |ayout
This meth

in rel ationshi

Figure 18 Wﬂ’ﬁgﬂsét es a
pr esent

i nput character is
descri bed above.

t he

necegsary for segnentatlon as
step uid:lej.%rt i bi sf
perforned; as deskri beggaiove,

enbodlnent to the chara ters sel ect eq
only active characters
into radicals in step 506 as dgscribed above,
geonetric features for pess

dictionary to

active dictionary. This

whi ch the four

used to obtain fo

probability
step 512, the
radi cal in thg

probability v
t he average

512 and the av@bage
characters in the

i nventi on.

Next ,

extract ed

of characters

avi ng The ni ghe

in step 502, the
descri bed above are extracted.
arch t hrough\t he radi cal sequence HWk is

search is limted in one

i 69

by the’

and

a4it t ed radi cal
$ a;g_used to map
the active characters in

har.

by perform ng
galh radical i

f or

20 cal cul at 4

is properly aligned

recogni tI%FI g%é%’?%ﬁ ng to

2? begins in step 500 in which the
5 preprocessed 3 §ndicated in step 500 and as
sequence features which are

Then in

precl assifier such that

in step 508,
are extracted.

in
detail in figure
73, 582, and 592

t he charactéri

d
steps 508, 310
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e
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probabilities is selected by ranking the candi date characters in the active
dictionary into the n best list based on this |ayout recognition

process. TReHoRgskgIdi cated in step 414 of figure 15, 25 thecpussraidei ty
result for each character of the n best |ist of candidate character from

t he | ayout recognition pr ocedurez'!qsconbi ned with the corresponding
probabilities for that character fromthe preclassification procedure
and the radical sgquence recognition procedure in order to obtain a

f| nal pr o‘{ﬂq\b ff@r t he candi date character as well as final probability
97/44758

Al | IBPI‘F%‘@*& datpeeRx acters. Then, the
candi dat e character having the hitgees oh

PCT/U897/08796 val ues for
a lity is selected as the
recogni zed character as indicated in stepj414.

Numer ous
al ternative enbodi ments of the invention ill be understood by those
skilled in the art after referri

to.the _present inveytion. For exanple,
various aspects of the 5 inveft 5%%?15& QR i Wi t hout using a
preclassifier or a preclassific

anot her

enbodi mrent may not create y deflned radlcals froma radica
whi ch appears in mFiﬁp'ﬁzf%M{t&te ory (e.g. ho |zont al and vertical
cat egories). I?h?FEFV%?ego g speC|f|c the invention
has been described with refer L odlnents thereof. It
be made ther ot o u-civewtdepart] g;.%mg' Efgi' AH s boe and spitit of the
i nvention. The {pecification jpht ﬁFﬁﬂ?’ @Bord|ngly, to be regarded

in an illustratifjve

sub-character sequence |- 4|
recognition

i 2

Geometric layout |, 44
recognition

R

Combine results from pre-classification, 44
sub-character sequence recognition &
geometric layout recogntion

47
(Recognltlon results j/
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rather than an restrictive sense.
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W Caim 1. A nmet hod of recognizing a handwitten character
conpri si ng: conparing a handwitten input to a first nodel of a
first portvoomiarssii d character; conpari ng sai d handwidobggek nput
to a second nodel of a second portion of said character, said second
portion of said character having been ddftbned to followin tine said first’

portion. 2. A nethod as in Caim1l wherein said first portion
is a first radical and said second portion is a second radical.
3. A rm C ai s iy Sai d,fi Ls a first hidden
Mar kov d seqddtiantielc|s a efhﬂdi..w rkov nodel, and
wher ei n spgi ~Toua sa’defi ne| A 0 ¢.e&,s§4,q, =r fodel in tine.
4. A Claip3 wh Ln} said{handwritten chlaracter is a
cursively & witten character,sasgd wherein thod 1's an on-line nethod
of recogni zing a handwitten char a s . A nmethod as in
Claim 3 wherein said handwritt gelter is ﬁ:n E%ar act er .
6. At hod ai i .. Cl ai wherei n said han itten c acter is
preprocessged to B rde aj cursively wii teQ epreseryt gyi an(msgj.:h' 69
handwr i t tretr— sai d cfursi ' - r S€enwat  on. 74
A net hod |a¥%els O ai m [3—feuit C OB & Rt « & | < 8OYDETANY @
first ge ﬂﬁgﬁ'ﬁ_'e’atlﬁrﬁ O‘f'%'aidfi&f‘bqquélonto b first georé‘{pili nodel
of said fli ’twgenédof Ty - Racognizer 4 : ? o (3’-"‘“ Yy
R Teainer 31—‘._‘; ae e Y.u.":rs..-\'u‘. -4
ML\ncj ?2 P3 I
fue ' T
Suwbcharade
'Da{a.\mse _ Laysud
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conparing a second geonetric feature of said second portion to said first
geonetric nodel .

WO 97/ 4479 97144758 PCT/US97/08796
PCT/ US97/ 08796 8. A method as in Caim?7 further conprising:
conparing said first geonetric featur®/86 said first portion to a second
geonetric nodel of said second portion; conparing said

second geonetric feature of said second portion to said second geonetric
nodel . f{ wre Y- A method as in Claim8 wherein said first geonetric
feature OH%I’IS%S mean fopr_g.center of said first portion of said

handwitten character and whgerein said first gqur&t(ric nodel conprises a
mean for a plurality of cent ﬁy\?f.%a ekt 1907 ekanpl es of said first
portion. 10. A rrefhod as in Caimil wherein said fir 4portion

conprises a first portion of ed ragical and said se portion
conprises a second portion of said ecogn&i, &rad'mﬁ*\ aid first
portion is normally witten § ‘%‘

'D\'ca,\'{'iur | T rouussor
ond. Busg .
Tnter€ace
: I (!5 b
< N E_ >
y ISt
Memo
o 1
Moty
onert e /158
?—\'u;&ﬂ:“&.; ls_? u::;.e Viterbi peocesting
aren ’.“. - )
'ﬁ'«m‘ma é ‘Rtugu'ﬁ on: C::’zf :: &?: ;?: :\
?‘0“;’;«6 Mmr &2
Peogcam y
e 15%¢ W
cess ndwectiag Trpel
?Q::\?.‘:\:(‘ efo'é"lm R‘}J;%ii‘ -3 ¢
code and s*wr}
‘/t5Be.
Subcharacher
Tepee M o} Layout Moddl
SQ—%“Q“G{ — 3
memoty 1584 oty ‘
ective poction 4 |aedive 7 ovtion
\(15% 4
hcl -« d P
e on et o

AT ALY o-r\j

(c.om‘uier pregram § duta.)




then at | east another portion of another recognized radical is witten and
then said second. portion is witten. 11. A nethod as in Caiml
wherein s '(Slg.g&%ﬁacter conprises a first recognized radic@cransyres®econd .
recogni zed radi cal and wherein said nethod recogni zes said character by
using said first nodel for both said fggt recogni zed radical and said
second recogni zed radical and wherein said first portion conprises said
first recogni zed radical and said second recognized radical, and wherein
sai d second recogni zed radical is normally witten either before or after

said fi rsﬁ:g‘s&qgei £8d radical . 12. A nethod for recognizing a
handw i tten ©Yharacter conprising: conparing a first geonetric
feature of a fprst—portromof~a-ciTaracter—to—a—frrst ' deb cpf
said first portion'B . co ri ascondgorret{ictet reecof a
second porti onj of 2l thardact 8R 1t 0°Sai ds ubKhsragdbret bF ) pf said
first portion. fod3 « BN 25 1 Vokd 3lJP12 Wherein shid first
portion and safd second portion_ _are first and Sec r adi sai d
character. 25

97/ 44758 - l ,;:'W&
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conprisi-ng first and second nodels of said first and second radical s.

15. ° A method as in Caim114 wherein said first and second nodel s have
been defi n¥@Y#48 1ow in a specific tine sequence. PCtUso7/08¥96
method as in Claim13 wherein said first geonetric feature conprises a
mean for a center of said first portion?f# said handwitten character and
wherein said first geonetric nodel conprises a nean for a plurality of
centers of a plurality of exanples of said first portion. 17.

A met hod of recogni Z'Fn a handwitten ,character conprising:

receiving an input o ‘é\-‘ﬁ'%and tteﬂ?lrra‘&aetekr erein said handwitten

character is witten with nultiple strokes; pr epr ocessi ng
said input to provide a one-stroke witten representation of sai d
handwitten character. 18. A method as in Claim17 wherein said

preprocessing step " at | east interpolating points in said
i nput, snoothing sakd pNifs, scaling ga pognts and resanpling said

poi nt s. 19. t hod _of crgating dat a of radicals for use
in handwiting recofui 0 andgrittenfcharac % sai d net hod

conpri si ng: orifng a first del i g a I readabl e storage
medi um f ok fAT st porti Oigllof sai d Theraeeet: storing a second
nodel in ’ga‘?ﬁ conmput er reallabl e @¥drage nedi f 3?4 4. second portion of
said character, wherein said first portion conprises a first portion of a
recogni zed radi cal and said second portion conprises a second portion of

sai d recogni zed radfeagure b

one
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wherein-said first portion is normally witten first and then at | east
anot her portion of another recogni zed radical is witten and then said

second por {f@éhdssse i tten. 20. A nmethod as in ClpyrigsbPosyesr ei n
said first nodel 1s a first hidden Markov nodel for said first portion
and said second nodel is a second hi ddgpgvar kov nodel for said second
portion and wherein said first nodel |s defl ned to followin tinme said
second nodel . 26 WO
97/ 44758

PCT/ US97/ 08796 21. A nethod of creating a database of radicals
for use in I‘IFIT recognition, said nmethod conprising:

storing a first ﬁel n a conputer readable storage mediumfor a first
recogni zed -radical; &ﬁl ng &econd nodel in said conputer
readabl e storage nmedi um for fecogni zed radical, said first

recogni zed radi cal having different shapes dependi ng on the use of said
first recognized radical in_ageharacter. 22. A nmethod as in

Claim 21 wherein said fist s-‘alf‘PPs't hi dden Markov nodel and said
second nodel is a second hidden Nar kov nodel . 23. A met hod of
creating a database of radicals for_use in handwiting recognition of a
handwritten character, said ne;,héd’scfs ﬁ“ﬁh storing a first
hi dden Mar kov rmEeI yeonﬂ_er re: abILa-t'&’a&f-rredl umfor a
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first portion of said character; storing a second hidden Markov
nodel in said conputer readable storage nediumfor a secogewgg%’td 2& of
sai d chamgoteem47seherei n sai d second hi dden Mar kov nodel éé
defined as following in tinme said first hidden Markov nodel.

A method as in Claim23 further corrprQé g: storing a first
geonetric nodel of said first portion; storing a second geonetric
nodel of sai 8&‘? bl on. 25. A method as in Caim23
wherein said\f a{ﬁ) on conprises a first portion of a recognized

radi cal and said second portion conprises a second portion of said
recogni zed radical, wherein said first portionis normally witten first
and at | east another portion of another recognized radical is witten and

then said second portion is witten. 26. A nmethod as in Caim23
wher € Ras@h ¢tehe acter corrprl §F‘$._@_ f&r,_gtur\egbggl,@ed r adi cal and a second
[ €COgNi Z € Qremicibithoms = REVVEVST S et S6-06H a-all er by
usi ng sai §l fug m)del for both &aﬁdll{vl r st r ecogni zed radl caI ‘andf sai d
secogq ) radi cal and #herei p..ea%t&’dl rst portion conprispes said
firsPPect , radi cal and id ond regp? Bi zed radical, andfwherein
sai d secops ni zed radi { nor mal I- witten either beforejor after
sai d Ii 43 '
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an input tablet for inputting handwitten characters; a bus
coupled to said input tablet; a processor coupled to said bus;

a menory cQuBlegdsss® said bus, said nmenory storing a first nogehy§dregids M St
portion of a character desired to be recognized, and storing a secon

nodel of a second portion of said charg/gr, said nenory storing said
second nodel such that said second nodel is defined to followin tinme said
first nodel. 28. A systemas in Caim27 wherein said first
portion<g=s a fir radi gal jandpasaicd - second tion.is a second radical.

29. A Qét%‘Fﬁagt‘in'c:l g%‘gS“gvhereﬁ'Mﬂ‘-fi srtim)'d& is afirst hidden
Mar kov nodel -‘2.-2 Re—HPe s -_:-;-:ggnue da |3§°
30. A syst emias RSNG| NP Weerei nf\:fa-’rd ﬁp’réc.,e 5 fe‘vﬂ‘gnﬁ z‘%s an\#nput t ed
handwri tten chay aceachy esipar nige polibeprietanteat i tomsé cshave ishpakastd
handwri tten chal adeerctostesadd hest Shodket sedsihensfo tRed second|nodel .
31. A systemps pid, di MRRe wWikcei rtcs‘aégkvgew‘e.%\teﬁmkoma&@querocessed
representation such thgp issisaicd JuiRiet t gaTOGAMINL LY en character isfa
printed character, sartd Prepr OCESSE EpTeSeTat o pTrovToeS. a one- st r oke
witten representation of said prirged characters. 32. éﬂstem
as in Caim 30 pigErel O SYStE ecctrcur ousing
whi ch is adapted 'D'%nﬁ"e t BVttt fem t hr ough an expansi on
connection Of LSt O RSSO S RSyl S L n Caim
32 wherein said bus and said proceskor are positioned
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on said printed circuit housing. 34. A systemas in Claim 30
wherein said systemis part of a conputer- system and said bus is a system
bus and saWV®YI48tEssor is a central processing unit of sai dPEHMSIHTETIS
system 35. A systemas in Caim30 wherein said nenory further
stores a first geonetric nodel of salt/¥6irst portion and stores a second
geonetric nodel of said second portion. _

28 MO 97/ 447828

PCT/ US97/0grets | 36. A systemas in Caim35 wherein said
processor further recogpizes said i nputted handwitten character by
conparing a fi rs?fgfmit' ri&"(‘f ture of said first egarsioe tc’(‘f'shld first
geonetric nodel and by cpgpsmiang a second geonetric feature of said second
portion to said firsgqgepnetr] del . 37. A sys as in Cam
36 wherein said mmeyolweﬁg?arrg a Viterbi sear CPP-’SI Baiecal
tree of a plurality ~aged Mar kov nodel s stored in sa# nory, said
plurality of hidden rkpv nggsl s conprising said fij.f%khi en Mar kov nodel
and said second ¥pgdenjevtr model . : 38. |t§|7 q{_ocessi ng
system-as in Caim?27 V\/n‘e\sg'—m said first portion conprises st
portion of a recogni zed radi ca'l and said second portion conprjses a second
portion of said recognizéd rfdi cal, i/perei n said first poggd is normal ly
witten first in time h'&h“‘@b' .
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portion is witten. - 309. A digital processing system conprising:
an input for inputting handwitten characters; a bus coupled to
sai d i Nnputwo 97/44758 a processor coupled to said bus; PCT/USDTIUBTION Y
coupled to said bus, said nenory storing a first nodel for a first

recogni zed radical and storing a secongpdel for said first recognized
radi cal, said first recogni zed radi cal having different shapes dependi ng

on the yse of id figst, ,recqgni zed radi cal jn a character. 0.
A digi tgam’ﬁczgsi ng 9&@1 PN Rl nﬁ’&%\r"@msai d menory st or{,\é
preclassification data and instructions for selecting n best chagac Ps
froma | arger fU@Per OT . CNaRACL Gl Seme. rar Tgrrar_processing
systemas in ailﬁ)rf' fhe 'iﬁ[%éé‘t% n‘e"]f{rty “s“tdfr e’g“ ?’ecl‘g sificajion data
and instructionfs fG&r eEREEEBng ATHER? *lhar BRTHRE f (AT H LY er nrlrrber of
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42. A conmput er readabl e storage nmedi um contai ni ng execut abl e conputer
programinstructions which when executed by a digital processing system

cause the WeO¥M7580 performthe steps of: conpar i MCEUSINSTI6
geonetric feature of a first portion of a character to a first geonetric
nodel of said first portion; ct8/éri ng a second geonetric feature
of a second portion of said character to said first geonetric nodel of
said first portion. 43. A conputer readabl e storage nediumas in
Claim 42 e Saigd Lir jon gnd said second portion are first and
second ra\é\ﬁ§ﬁs%f qs idc aer°5§g§ cande\m’fb"r“g-n ﬁg‘"aﬁ“bl"‘ um cont ai ns

execut abl e i nstructions which when executed cause the Systemto pé'llaesm
the step of seg i i ; arch throuygh a¥aroup-o

e e S Y=
hi dden Mar kov mdq:@,.cogrgrd,singdf;tut and &ecpad-hmdblrs Lhatdifdef i rst and
second radical s . 4. A - uter, L& bl emst or age medi ulm as in
O ai m 43 wher ei h SR s&oﬁa‘dn&i’él haste(b;e‘(‘ajr?faggi'ne T T TRBbW said first
nodel in tine. a,:é;{;géi T @W )r‘gac@gﬂqé g{ e‘ty;qw(n as in

d ai m 42 wherei p sai m .cént ta | et i ch gwhen
execut ed cause -he—s&m.gn_ﬁﬁr n?g?% ?&ﬁ cﬁ&"ﬁr irf‘ e?fﬁlin‘lé\“@ﬁr

characters by selecting the n best haracters from a | ar ger nunber of

characters. i = ' @i’n#ﬁ%ﬂ
execut abl e conppt erfFgy 0 rwi StLUG,i ns (€l o xecyted by di gi tal
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conparing said handwitten input to a second nodel of a sec%ﬁd portion of
sai d character, said second portion of said char g been defined
to followin tinme said first portion. - 47. A conput er readabl e
storage nediumas in claim46 wherein said first nodel is a first hidden
Mar kov nodel and said second nodel is a second hidden Markov nodel. - and
Wnereinﬁ d second nodel is de{“ned to follow said first nodel in tine.
30 wo 9 97/ 44758
PCT/ US97/ 08796 48. A conput er readabl e storage nediumas in
Claim 46 wherein said medium contains instructions which when executed
cause the systemto performthe steps of: ogﬁgring a first
geonetrlc fgquyre of said first portion £jxﬁ5\ﬂﬁr tric nodel of said
i K5} T conparing a second geone |c feature of said second

port| to said_fifAseegeonetric nDdeI A conputer readable
st or age nedludfﬁs In Caim46 wherein ; gLaqua- conprises a first
t? ica

rec qzed radi cal and seceﬂs=$ibogn| ed and wherein said
chaftatt'er=i s recnghﬁzﬁﬁ by using sal g rst for ‘both said first
recognizéd ra(yt and J}second recog |zed rad?@bp and wherein said first
portion ses s flirst recogni zed radical and said second recogni zed

radi cal, jnd Egggeﬁn sapd second recogni zed radical is




normally witten either before or after said first recogni zed radical.

50. A conputer readable storage nediumas in Claim46 wherein said nedium
cont ai ns iWOTM4TBons whi ch when execut ed cause the syst em PETRSPHRHTI t he
step of precl assifying n best characters by selecting the n best
characters froma |larger number of cA&8f/Htters. 51. An
apparatus for recognizing a handwitten character conprising:

means for nmparing,a handwitten input to a first, nodel of a first portion
of said d1§~a'¢t égb and Geowne mﬁans!—fo%oc mpa 'tmgp?ai‘g'ﬁmndwri tten

I nput to a s€cond nodel of a second portio of said character said second
portion of said character having been defined to followin tine

first portion. 5Z. . ‘A apparargs. a Crai m WITET & sai d
first model is|drRPERcHELidcmpE kSarardael Gillvhinp: L is a
second hi dden Vargrc% el, 'S%atmherei wai d seconﬂ Is defined to
followsaid fifst nO8& N a ARk 5 ¢ €S.S'~"“A‘a% in Claim
52 conpri sing: ' e I 2422 S 1 A2C OBt ri c
feature of said first portion to ayfirst geonetric nodel of said.fEoq
8c7)/r Ell4$28 L Extract Sequever featuces (Ax, Ay)?’l \'/5\00‘{
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(57) Abstract
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Method and apparatus for handwriting recognition system for ideographic characters and other characters based on subcharacter hidden
Markov models. The ideographic characters are modeled using a sequence of subcharacter models and by using two-dimensional geometric
layout models of the subcharacters. The subcharacter hidden Markov models are created according to one embodiment by following a set
of design rules. The combination of the sequence and geometric layout of the subcharacter models is used to recognize the handwriting

character.




