: e3e$g$! | ndnXTo8g6nqTgXfPc. t ~ T apR 2003 || MAWI dNOn ON- LI NE HANDWRI TTEN
"CHI NESE CHARACTER RECOGNI TI ON APPARATUS BACKGROUND OF THE | NVENTJ ON (Field
of the Invention) 5 The invention relates to the on-1ine deci pHer iARg
handw i tten Chinese characters based on character shapes and,
particularly, to an on-1ine handwwittenlChinesemmMMmmﬁmmUNMecognition
apparatus which refers to a character conpresse nce code
reference file of an input nmethod and 10 conpares charéct er shapes by using
constituted radicals for.recognition. %Description of the Related Art

Convent i orfdlf~HEr HMNPWREETENT EHONERE REARAGIHEr HCPRHI TN ARRMAEH

mat chi ng net hod, where the outline 15 of an unknown input character is
conpared one at a time with previously stored character pen ink tenplates.

TherecogniéA€ﬁ%$§¢ﬁbtOgsTﬁaﬁggggggggg tenplate with the greatest simlarity

and the | eas erence. nique requires the storage of a large

nunber of ¢chp&pgtsr £88 iRkehemBhates in order to 20 achieve a better
recognition effect. A nmgjority of character recognition nmethods use

classbfication net hotlseoinwéhiet on argld t s rtaehleodsa-1L hneotdt hphépinwidh t he
tenpl ate technique with the aimof reducing the tine that is spent when
conpar i ng Randvyet hentfehingsechrametepedisad cangharasterpnenes andere 25
is still a need to store a |arge nunber of chargcter pen ink tenplates. The

feature o]"m‘t‘ﬁ% H%Fe‘rﬁq]tﬁfjeﬁfsgpo%’éd’r}ﬂ-h?%h@l Ald eI PuB L Re S i R RS /1 1201,
Recogni 11 ohe b bt s TRE EPSATR L0 FELF' Rall? i Do Fod TP THA S he
front radigcghs-aagduiheer @¥ad afLe8L8nBEe file of an input method and
10 compares character shapes by using constituted radicals for
recognition.
(Description of the Related Art)
Conventional character recognition methods
generally employ a template matching method, where the outline
15 of an unknown input character is compared one at a time with
previously stored character pen ink templates. The recognition
result is the compared template with the greatest similarity
and the least difference. This technique requires the storage
of a large number of character pen ink templates in order to
20 achieve a better recognition effect. A majority of character
recognition methods use classification methods or other
comparison methods in combination with the template technique
with the aim of reducing the time that is spent when comparing
a large number of character pen ink templates. However, there
25 is still a need to store a large number of character pen ink
templates.
The feature of the invention disclosed in R.O.C.

Patent Publication No. 311201, entitled “Handwritten Chinese

T
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.enployed to classify Chinese characters into three major classes, i.e.,
front radical plus rear remainder part of 5 character, rear radical plus
front remai nder part of character, and single form character { AR 285e
recognition systemis then established by using this classification method.
Fig. 13 illustrates a bl ock di agram of nodel board establishing portion
of the system conprising: 10 a Chinese character ink database 10 for
storing 80 groups of Chinese character pen ink data, each group having 5401

charact ergnurhtt8P RYcoghi€16A!s POODh BafeLONNESEN ERAPREEE RAK €Lgg8i fier
11 for grouping Chinese characters based on the classification nethod to

det erm neré5idbst har thheytheeftoant raddcaak ehdr ahktersarreadicalscate
characters, or single formcharacters; a radical separator 12 for

separ at i ngmplopedr d&ti calashafyct@ snési¢ o chafmagitensadintd pdrrteiecormandra rear
remai nder part of character, or for separating rear radical characters 20
into a re@tapg@Fcall gort i Koakd Bad¥ PéREi IRHT paehapndeRacagtterof

i f h t del  .board t 13 .f t ti feat
poi nPs of SEREACHRGY o $3F AAGHAPAcPERS iRt GTSHBARRPRERGEnEHaF Ry Phese
f eat | ' ; | t h
e S P e A o S B TR

gener at or es4abh s%Hr a6t i g1 hgakuias Ofadderficoton adberba. andride {gar
radi cals, and for storing i1 "1 7 APR 2003 3 sequentially these features

in a fronfliadteakesodelbboak ddiédgart i¢f aar madeldadiceadd nesieab bbah ind8
according to the nunber of strokes of the radicals and
portion of the system, comprising:
10 a Chinese character ink database 10 for storing 80 groups
of Chinese character pen ink data, each group having 5401
characters written by different people;

a Chinese character ink classifier 11 for grouping Chinese
characters based on the classification method to determine

15 whether they are front radical characters, rear radical
characters, or single form characters;

a radical separator 12 for separating front radical
characters into a front radical portion and a rear remainder
part of character, or for separating rear radical characters

20 into a rear radical portion and a front remainder part of
character;

a single form character model board generator 13 for
extracting feature points of the single form characters and for
storing sequentially these features in a single form character

25 nodel board 16 according to the number of strokes of the single
form characters;

a radical model board generator 14 for extracting features

of the front radicals and the rear radicals, and for storing



2 remai nder character nodel board generator 15 for 5 extracting features of
the front remai nder part of characters and the rear remai nder part of
characters, and for storing sequentially these features in a,fr % 2603

remai nder character nodel board 19 and in a rear remainder cH§r§E er node
board 20 according to the nunber of strdkes of the remai nder part of 10
character. Fig. 14 illustrates a bl ock diagram of the conventi onal
recognition system The recognition system conprises: a pre-processor 21

for renovi i i | s, eni ng, _shj C ect| rotar

transl ati g%%%rtéglﬁﬁﬁ%esﬁ%% oriralt z &t ?B‘fﬁﬁ%n(}é %I%Cg%jf g&;dqeela{b%’r%rd 17
extract i NGridf 43S a0k QAN &0 RAN oS 3 of Bl i Yo bl Bbe

sel ectively a possible nodel board using partial features of the I nput pen
i nks; a frotstradeplof dared®@ic2Bsf oangeparati ng a possible front 20
radi cal portion fromthe input pen inks, for making a detail ed. conparison
with the siftead f remtindédircathandeteboanatie ¥ oboeaaldcugenengtvohe degrfee of

simlarity therewith, and for recording the ten highest front radicals a
rear ¥ adi @NtrEsidavhteatarsoofsEpar PR BEPRLRUST et dachpadicdgirs

portfon Trom Lie, LEBUL pen (oke, Lot ol g, delal od compart son wih he
Uher ew 0 AL LOr RFOLOLD0 LhSLERNONasteroat adieabsy crbyaded APR

r
2D03 a rear temainder charactér conparator conpar es e current 1nput

strokes WridHdiNeid) 1N_HPAn e FRIIdSen@NHRE! haFadele DRRIE 1WRRSE d
corresponding the front radical are on the first 10 |list of the result of

t he front 2Gadicealrdingoapathé aiuBer sl stthekezoblii tRe fdmea Dedeee0ft of
simlarity acquired in the front radical conparator 23 operations and that
in tHe curghemacdteage to gain the degree of similarity of the current input
character; a front remainder character, cqonparator 26 conpares the 10

current input Stibkdd dilthtthees f tHe gk she démidfadhe conventional

recognition system. The recognition system comprises:
a pre-processor 21 for removing noise signals,
smoothening, shift correction, rotary translation correction,
15 size normalization and desired feature extracting processing
of original pen inks;
a filter 22 for filtering selectively a possible model
board using partial features of the input pen inks;
a front radical comparator 23 for separating a possible front
20 radical portion from the input pen inks, for making a detailed
comparison with the sifted front radical model board, for
calculating the degree of similarity therewith, and for
recording the ten highest front radicals;
a rear radical comparator 24 for separating a possible
25 rear radical portion from the input pen inks, for making a
detailed comparison with the sifted rear radical model board,
for calculating the degree of similarity therewith, and for

recording the ten highest rear radicals;



Character nodel board whose corresponding the rear radical are on the first
10 list.of the result of the rear radical conparator 24, and then conbines
the degree of simlarity acquired in the rear radical conparator 24
operations and that in the current 15 stage to gain the degrEp gHR 2003
simlarity of the current input charactéh: a single form character
conparator 27 for calculating the degree of simlarity between the sifted
single form character nodel board and the input pen inksl and 20 a w nner

deci der 28 for arr i egr f.simlari fter. C rison_and for
ret;ining t he t§p4§§$:¥%§%5§éh§ §ﬁ$ﬁg?E§£gF8§%é§%t§§g§EE 6$H%P#%$aFﬁ?y as

Lhe recoonthi-eBnkesbut SUEHfed NG idravbacks Ofnt fihd Nyeaki OReghshligsed in
R O C. 25 Patent Publication No. 311201, entitled "Handwitten I nese

Character Bheegeitkirafo&ybbRArBREREstdr paidliieaheRBEb cRredid=a ase
follows: 1. Many sets of Chinese character pen ink data (each. set a 11

APB ~~ 5 i pol udiengf 548t difar htser oft hahe seesalés afecbheai tiiromtpardédisalar e
needed during the nodel board establishing stage and the character
recogRi ti oFOBPAFALtoZ. 28/ aape Hbedl dwErings chpe adegyegusnif peimilarity

re-establ i shed t hereby requirin | arge ano of tinme. SU Y OF THE
PAVERT! o PR SERor e TEon e aat IoRE cobasAbme ORctP L ons et Ehehg
requires th r a rge.nuphe c e i t t hat
ool 1o i n i tP8 BRELBh Sk aGEo BUARTE, BheCHBERRL L PE L IS EIPOR g e
of the pregartren®veRbl®N cdh a@gyyovi de an on-line handwiting recognition

appar at us based on character shapes to reduce the storage space of
character ink temilrahes rand it draditd &gk drt "Bomparator 26 compares the
10 current input strokes with those in the front remainder
character model board whose corresponding the rear radical are
on the first 10 1list of the result of the rear radical comparator
24, and then combines the degree of similarity acquired in the
rear radical comparator 24 operations and that in the current
15 stage to gain the degree of similarity of the current input
character;

a single form character comparator 27 for calculating the
degree of similarity between the sifted single form character
model board and the input pen inks; and

20 a winner decider 28 for arranging the degrees of
similarity after comparison and for retaining the top ten
characters with the greatest degree of similarity as the
recognition result.

Some of the drawbacks of the invention disclosed in R.0.C.

25 Patent Publication No. 311201, entitled “Handwritten Chinese
Character Recognition System Based On Front and Rear Radicals”

are as follows:

1. Many sets of Chinese character pen ink data (each. set



In order to overcone the aforenentioned drawbacks, 15 the present invention
provi des an on-line handwitten Chi nese character recognition apparatus
having a buffer region for tenporary storage of data and an ¢qt gpg Zdrtion
characterized by conprising: a radical tenplate feature nenorizing portion
i ncl udi ng 20 shape features of basic radicals (i. e. , base radicals) or
related radicals (i. e. , derived radicals) defined by an input nethod
based on dismantling by character shapes; an input nethod reference portion

founded ony . gom yerdd Onaln AU MPtock bassrl an Jsimnlling, by sharget er

shapes, 25 and 1'nctuding an inpu od 'system dat aract'er

conpr essed ¥ Kl IROUHYE & O W d QOKs3 Y d AR SHEn @S ERGERIHPEhe
character description portion for recording features of” exception

char act er charadttem poOsdégptoresnssb@ge.s 1 ? APR ?D03 6 portion in deciding
a final recognition result from anong candi date characters; an input
portion il udikdaxrat giodiedi hgatrdbl eemphdtaspemust ke poevesttiadidlshed,| i ne
character handwiting equipnment; 5 a pre-processing portion for

nor me? i zatiRAT Y Fedel¥ndind ngapeecensrny of tApet handwitten character,

and for e i e r d in character recognition for storage in
t he buffeﬁﬁhﬁéﬁgﬂgoé.ﬁ%§r§§Y€§$gﬁ§pe dismantling portion for dismantling 10
character based on tfe Jjeal 8%e§h8f§]at&?ﬁ%@d¥‘ﬁété@%&#&(gf&?{d P, %%{teed by

t he pre-processing portion and wth reference to the radica tenﬁ1a e
feature NeR@fcHing POGELREs Sn@Sstdrdddbot he rad<almddialo Cahfridadhe

handwitten character

pen ink templates that results in waste of storage space and
10 template matching time, the object of the present invention is
to provide an on-line handwriting recognition apparatus based
on character shapes to reduce the storage space of character

ink templates and the matching time.
In order to overcome the aforementioned drawbacks,
15 the present invention provides an on-line handwritten Chinese
character recognition apparatus having a buffer region for
temporary storage of data and an output portion, characterized

by comprising:

a radical template feature memorizing portion including

20 shape features of basic radicals (i. e. , base radicals) or

related radicals (i. e. , derived radicals) defined by an input

method based on dismantling by character shapes;
an input method reference portion founded on a con-
ventional input method based on dismantling by character shapes,
25 and including an input method system data file for character
compressed code and sequence code look-up information;
an exception character description portion for recording

features of exception characters to aid a post-processing



,a conmparator portion for conparing the constituted 15 radicals found by the
character shape dismantling portion with contents of the input nethod
reference portion to get candi date characters that have di f f 8deARR 28 ues
bel ow a threshol d val ue; the post-procegsing portion deciding the final
recognition result fromanong the candi date characters based 20 on ot her
features of the handwitten character and with reference to contents of the
exception character description portion, and for transferring the final

recogniti t:to u hon. for : . t or, i hg
construct io%bnf,te? e %)1;11 Ic%ér@%iaénd\%?ﬁ%tlenr}e |gﬁgsﬁl%a$€%?g%r ?28%‘9%?‘?3?{
appar at us @ndhisté nveathepedssmantl es handwitten characters into the
constituted radicals via character shape dismantling nmeans so that a
charact er conpras sistbunge wnicbrs eéqedncE repdedigdkiapng tablét AR 20/
tabl e of a conventional input nmethod based on dismantling by character
shapes carrhea ucerventienty eb-dbnai ghakectesofpandivai tiaguleruipmeatrunber
of tenplates required for matching in the on-l1ine handwitten Chinese
char att er recoghi BFGTRAPAESHIh BOBE PR, NerdatAatiieg f3Rrd ndtidif ng
can be lo ed, . BRI DESCRI PTI ON, OF TH W.NGS O her  f eatures
advantagegféﬁﬁ%}égzﬁe%%ﬁfsfﬂgeﬁ%?%ﬂpﬁglFaggﬁgﬁé §8p§ gﬁFﬁﬁﬁrfhéanﬁgﬁﬁﬁng
detailed degeripting OfedfiE & Chiydfh CTROUAERLILLN LELGEANCE O ddie 10
acconpanyi ng draw ngs, In ich: Fig. 1 1s a system bloc I'agram of a

preferred stwpdysenh ehetbugrepveBytion,; Fig. 2 is a process flowhart of a
pre-processing portion of the preferred enbodi nent of this invention; 15
Fig. 3 is a prozesbatrhotenarshagfe alicdrearacl Brg shapeidnsfant disgpamiritingn of
t he Preferred enbodi ment of this invention; Fig. 4 is a process flowhart

of al@onpafhaBrchor thanpedfon Hehprigatress anbddigdmndsir itiien iohpamdter

extracted by the pre-processing portion and with reference to
the radical template feature memorizing portion so as to find

the radicals that can form the handwritten character;
a comparator portion for comparing the constituted
15 radicals found by the character shape dismantling portion with
contents of the input method reference portion to get candidate
characters that have difference values below a threshold value;
the post-processing portion deciding the final
recognition result from among the candidate characters based
20 on other features of the handwritten character and with
reference to contents of the exception character description
portion, and for transferring the final recognition result to

the output portion for output.

From the foregoing construction, the on-line
25 handwritten Chinese character recognition apparatus of this
invention dismantles handwritten characters into the
constituted radicals via character shape dismantling means so

that a character compressed code and sequence code look-up



20 Kig. 5 is a process flowhart of a post-processing portion of the

“preferred enbodi ment of this invention; Figs. 6A, 6B, 6C and 6D are
schematic views of the structure of a radical tenplate feature nenorizing
portion of the preferred enbodi ment of this invention; 25 Fi g7 PRS00
schematic view of the structure of an input method reference portion of the
preferred enbodinent of this invention; Fig. 8 is a schematic view of the
structure of an L ~ ~ APR 2003 exception character description portion of
the preferred enbodi ment of this invention Fig. 9 illustrates the character
radi cal settabt@idfed sfarstenthiontarianuy method Yasetl syrantilsgwrnitd iag: dnvdance
S with the pgreferred enbodi nent of this invention Fig, 10 is a schematic

vi ew i | | ustTiRY 3t ehenedes: FeRds HSBei dberCthp o reEROD ErrRirgsoonits@ds and
i ith_ th f d, i t. qf, thi,
Tt on T 1Y ARRBE R bE FPORL BEEE RS G ERE el S e o e
q h . . re ) .
T st rat e et S HFHOLL toh PR T ndtac el R st can

i nvents on, yencteulide f Wweid yehioutind Feanga€bhiRgseahadBeCabiergayenty-four
derived radicals, and ten conpound radicals Fig. 13 is a bl ock diagram

i |1 ustrati mRE oS CRDRT TOM sOBLTHE hDRAWPNES i on of an enbodi nent in the
prior arty and Fig. 14 is a flowhart of a recognition system 20 portion of
an enbodi ment in the QeheF afeatpER 1ED DRSCRIEEIES OR fTHEhRPREPERRED t

' | ' . . ;
ENBCDINENT;QsEJEﬁﬂg %ﬁ&ll@%%OQEtgggag%%%d:gg gh%m¥g£i£$k£6 detailed

description of the preferred embodiment with reference to the

10 accompanying drawings, in which:

Fig. 1 is a system block diagram of a preferred
embodiment of this invention;

Fig. 2 is a process flowchart of a pre-processing
portion of the preferred embodiment of this invention;

15 Fig. 3 is a process flowchart of a character shape
dismantling portion of the preferred embodiment of this
invention;

Fig. 4 is a process flowchart of a comparator portion
of the preferred embodiment of this invention;

20 Fig. 5 is a process flowchart of a post-processing
portion of the preferred embodiment of this invention;

Figs. 6A, 6B, 6C and 6D are schematic views of the
structure of a radical template feature memorizing portion of
the preferred embodiment of this invention;

25 Fig. 7 is a schematic view of the structure of an
input method reference portion of the preferred embodiment of
this invention;

Fig. 8 is a schematic view of the structure of an



 Characters by character shapes is the foundation of character recognition
“in the preferred enbodi nent. The base radicals, 25 derived radicals and
conpound radicals defined in the Tsang Chi input nethod are the radlcal
tenpl ate set indicated in the preferred enbodi nent, as shomn17nMﬁQg%
According to the structures and charact & conposing principles of |nese
L 1 7 APR 2003 9 characters, Chinese characters are attributed in the Tsang
Chi i nput rnethod into twenty-four Tsang Chi base radicals and seventy-four
deri ved radlcaJs OW g:eafter hased,on,Tsang Chj code-retrieving rules, a
S

Chi nese cIRIfGRR e PEREHETedIPREBIBLEORs HRF iR cOdestht  RESECTARS eby
t he correct T%?Q%EQ? f ﬁgs are in utted to obtain the correct character.
1lis gﬁﬁ K] é@ i i

Fig. 0 of %ﬂ%eB &PBfred enbodi ment of an on-line
handwritten Chinese gharacg ery y eOg égn aratus, rcyaqﬁééabt het
present i nvention. |nput portlon 10 1 such as a digitizing t let, is

provi ded tgheNahbe 4% Ms8le tc‘?laFieardct%rﬂn“(?)N”lié‘ed%@‘@f@é M tddaﬁrdaéw] .

Pre-processing portion 200 is provided to performnormalization an

thi nrb ng priodestshagpoé féheetiaanbodinentcbdr abtier Snvieat iwer;e i nputted by the

user, and to divide each character using character 15 separating techniques

into five groups, i.Blg.owt&i de& i Bsi deheuptdownviewf tiklugfiraping althsol um,
Then, the features of the character are

or single fo (see Fi )

extract ed ’é‘*’n{ia%%'%n%kﬁ’o? gt?'ﬁ“f?eé‘ BE}Pflérm?E}@PGthFG’@C %C@Q@Faﬂ%&%ﬁ%s

i ncl ude: | onsh S o) s _oQf e, 20

st rokes, é C%E?ki d|r% tlgns ﬁ%g mﬁg@%ﬁéggeegl thr(;"\/\/n ch
each strokfh¢§%g{@§ etc The |l evel to which each stroke bel ongs is

determ ned by the cﬁaracter stroke witing sequence and the single formto
whichoit belongs . Thegbuffer 1EDLOrdOOsi Sfised dxoior e f eloAthdaira and
features 25 of the input strokes. Character shape dismantling portion 300
di smant | esseprratien iy aconpaeineg whehctize aoede rreat enbodinehtoohttdrits of a

radical tenplate feature nenorizing portion 350 to~get
invention;

Fig. 12 illustrates the radical template set of the
preferred embodiment of this invention, including twenty-four
15 Tsang Chi base radicals, seventy-four derived radicals, and ten
compound radicals;
Fig. 13 is a block diagram illustrating a model board
establishing portion of an embodiment in the prior art; and
Fig. 14 is a flowchart of a recognition system
20 portion of an embodiment in the prior art.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The Tsang Chi input method based on dismantling of
characters by character shapes is the foundation of character
recognition in the preferred embodiment. The base radicals,
25 derived radicals and compound radicals defined in the Tsang Chi
input method are the radical template set indicated in the
preferred embodiment, as shown in Fig. 12. According to the

structures and character composing principles of Chinese



LAPR 2003 | 0 radical set that can be constituted from each stroke.
Thereafter, based on code retrieving rules, the codes for the base radicals
to which the radical set that can formthe character belong are picked. The
radical tenplate feature 5 nemorizing portion 350 is used td stABRe20ghe
features of all radical tenplate. A det&iled construction of the sane is
shown in Figs. 6A to 6D. The data for each radical tenplate includes the
nunber of strokes, stroke features such as direction and | ength,
intersecting relationship between strokes, and the 10 codes of sim]ar

radi cal t &HAZRTET VolPdl@SSt CPSFECHR A0 £2 kb5 HonseBIid £F8F TompaGing
conpressed, codes_cprrespondi to_ the codes _of se radical ,;to ich the
r adi cal seJtn%‘%i aﬁ“ﬁgéogf tlélrtodin@'ﬁ%rh?ﬁﬁ%méhglsﬁgf;er | BRTE W BRIERESc Mt %nt s
of an inp g\?df Lt i SEAURN .
candi dat eLgc \é%c eréﬂTe?lﬁﬁepOE?a%%%c%‘S'r gﬁg?%é;%ét%%r“ on 4%@ ?%%ﬁég{sl an
i nput net hastsysd e eatng fileed Ora chamelecbhaeapressed endenmtesagitence
code | ook-up data, and is used to aid the conmparator portion 400 in

obt aidi ng 3 Msasendbnceodedest afod the whendildatthec haraetér $sag 2th parddesn of

the contents used in the present invention is shown in Fig. 7.
Post - pr ocex%s nRpok Ee@dnt ook Eeibr §heocanrestephiaga cti®dr-act er descri ption

portion 550 to find the final cognition result fromanong the n

candi date char act er st+§hé é§cae%tii° éSagﬁa?‘afb‘%éﬁ‘edﬁg%?ﬁ? @M“%%SO is
a reference:pQrtiqn_ ai di A st: Si ortion 500 j i ndi ng
the final orefeccé.ag?ni ?Boﬁi?bgsuﬁ?ﬂgw%ﬁﬁgﬁgngc JIhrggggnyc’r17(%%’%1)5’ld'i:lﬁd‘éa’?e r(feﬁ:é)rgangttérosn. The
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550 is shown in Fig. sequence code (which represent's one character)

i ncluales ald®f aluckt aokedigiberinantalDep) esspdodatiad v ehabd eatha e, and
in which the stroke nunbers of the character codes that formthe exception
char act er e & tonprasssleiche Ighaong tec twolrt g h R ptoagtaimeg gfonthieon
200 is provided to perform normalization and line thinning
processing of the handwritten characters that were inputted by
the user, and to divide each character using character
15 separating techniques into five groups, i.e., outside-inside,
up-down, left-right, plural column, or single form (see Fig.
11). Then, the features of the character are extracted and are
stored in a buffer region 700. The extracted features include:
intersecting relationships between strokes, positions of the
20 strokes, start and end point directions of the strokes, the
level to which each stroke belongs, etc. The level to which
each stroke belongs is determined by the character stroke
writing sequence and the single form to which it belongs. The
buffer region 700 is used to store related data and features
25 of the input strokes.
Character shape dismantling portion 300 dismantles

character by comparing the character features with contents of

a radical template feature memorizing portion 350 to- get



af or.enenti oned apparatus, Fig. 2 shows a process flowhart of the
pre-processing of the input handwitten character, and the extracting of
features as performed by the pre-processing 10 portion 200.-{R§R épihoms a
process flowchart of the dismantling of input character an& t S cting
of the base radical codes as perfornmed hy the character shape dismantling
portion 300. Fig. 4 is a process flowhart illustrating how candi date
characters are found by conparing conpressed codes 15 corresponding to the
base radi cal codes belonging to the input character with the contents of

the input meidod I ef@ienggROr LEAN Y5O0 AsndelfOra@d Mo he LoNPaLaLWe .

portion 400. Fig. 5is a process flowhart 1llustrating how an out put

character iThdles e f eBamngcbie eandidatagchalas) efise asoey fryrmeeeby 20
t he post-processing portion 500. As shown in Fig. 2, the pre-processing

portion 20®asadsapbcal scdaor dimiatlestbe trheelilmddws et t €hatharaact formn thieep
s201. Thereafter, normalization and |ine-thinning processing of the
charact er #@hansgten neellomgsaep PAGXed.n sthg %QSBQaQSt@ﬁﬁléé?eﬁegéyaﬁating

techni ques are enpl oyed to. sep te the character info qutside-inside,
b dovi. T SIS G0 U R of tms BriSeRgte FopRe FROsEpCsgE, Othell

di rection ‘%:’dei'q‘farl%ttgmkggt%g} %‘}Zst%ﬁ‘i%dsééﬁﬁﬁﬁﬁ{:ggpﬁ FEUACLEN, igsft"réh}(o@«%

i ntersecting relati ons ures between oKes are

extracted. i pallsy, shntSte2n SERS.adthe roxt Eacherhd £8d Li@nAl& LYheYLiRed to
the buffer region 700 for tenporary storage. As shown in'Fig. 3, according

to the strdke segqieicef 5teadesst rsike He flaataired sacdhedsbiitrketion and
pre-processing portion 200 is read fromthe buffer region 700 in step s301.
I n step s30xngtdferomtersschide trelehéonstilpalbeatergrrat et felesir eandmihiezi ng
portion 350 in order to conpare the features of the input stroke with the
feat ks ofcasiech dladitilaenmpaiea st beBBl#kheEhe radical 10 tenpl ate feature
menori zing portion 350 so as to f adi cal set that have a_ hi

ind th h
degree. of sim | arity GWPIHET MAREIET GRD CFF S10 SH0E e cCOREE 1BF t he
radi cal s thaluiers Loundr o5t abed g LoGald Bl bhalast noka day e

buf fer region ereafter, in ste e I nput stroke 1s conbined
which the radical set obtained after dismantling character

belong with the contents of an input method reference portion

15 450 to find sequence codes of candidate characters. The input
method reference portion 450 includes an input method system
data file for character compressed code and sequence code
look-up data, and is used to aid the comparator portion 400 in
obtaining the sequence codes of the candidate characters. A

20 portion of the contents used in the present invention is shown
in Fig. 7.

Post-processing portion 500 refers to an exception
character description portion 550 to find the final recognition
result from among the many candidate characters. The exception

25 character description portion 550 is a reference portion for
aiding the post-processing portion 500 in finding the final
recognition result from among the many candidate characters.

The structure of the exception character description portion



.15 with previous strokes that intersects the same and, with reference to
the radical tenplate feature nmenorizing portion 350, the shape conbined is
conpared with the features of each radical tenplate storeqc?i ?F’Pfﬁiadi cal
tenpl ate feature nenorizing portion 350 in step s305 in orde P nd t he
20 radicals that can be commonly forned {fromthe strokes conbined. In step
s306, the codes of the radicals found are stored in the buffer region 700
where the rel evant information about the current strokes and the associ ated
intersecting ones is stored. In step s307, the input stroke is conbined
with previse i sticesm 2h Ffiglhe. san@ch edjuérice ddtst@hissiDEeprefsemnce is
made to the radical tenplate feature nenorizing portion 350 in order to
conpar e t lnes ledy@er agdiredi )ndohodivide st hetbdeaflusesobé nimebendiaral cospplestsesl
stored in the radical tenplate feature nmenprizing 1 7 APR 2003 13 portion
350 so as da-di idthhé 3ragiz daseshandchn Wil o fbshefreenpambesm ehdhe

conbi ned strokes, . In step s309, the codes of the r.adicals that were found
are storeHaFIoEt i och%é%$ ttﬁba# np{hr‘%t&g}& EXE S It e\ﬁh(ifsacz:terroké'sreof t he
sane gevelcérﬁ(blt@&%dbuffer region 700. Since the maxi mum nunber of strokes
for a radica nplate is thirteen ("~"), inspection of up tv only twelve

strokes is done whenrhhe HrBRirRit iGHDI R RE W e PT ¢t utler OKes | &he
performed. In step s310, after inspection all strokes, the radical set that

are fornedfooamémel omed apdestdsd, digl rokaswkos eashe 8§ rftkeveier i @md
fromanong the information for radical set that can be fornmed from each
stroke i n e pnefaogesyiiory ad0the igtmpt $3nUwWrAftten charegtiecal and Hdte can
be formed fromthe nost nunmber of strokes for all of the strokes have been
found, radftefacetnd oPfcdifsdiicssh andPekdocBEss »Y bh8e PrEgPEACEesSESng

bel ing thereto foungd. for these radical_ set th are formed fromthe
rms'?wr@iunb %% lé?r%@s‘ aC(r;Eng%l n(j3 t83888e ?etpr}:ioéiﬁsrﬁsg ?EnggFﬁ%st% st§1f2. I n
step s313, of £t S i S r SCki Qupd ng to
are stor edd%%ﬁ?ﬁgggﬁ féeg ?ﬁ%ﬁp%n@%%&%*ﬁ%@ﬁ%%ﬁ%%ﬁ%ﬁ hi's ib%\e/éeér)lti on
as conpar eghd Dcd hecqd HraAbkr Foréhed bgetﬁ@rm%imﬁ et &1e safanftheng

conparat or portion 400 can speed up the matchi ng speed and the reduce data
storage spacetiown!|300ow sy debdrs edrardde Muscdeditngllustrating how
candidate characters are found by comparing compressed codes
15 corresponding to the base radical codes belonging to the input
character with the contents of the input method reference
portion 450 as performed by the comparator portion 400. Fig.
5 is a process flowchart illustrating how an output character
is decided from among the candidate characters as performed by
20 the post-processing portion 500.

As shown in Fig. 2, the pre-processing portion 200
reads point coordinates of the handwritten character in step
s201. Thereafter, normalization and line-thinning processing
of the character are performed in step s202. In step s203,

25 character separating techniques are employed to separate the
character into outside-inside, up-down, left-right, plural

column or single form. In step s204, the direction and length

features of each stroke of the character, and the intersecting



par agraphs. The present invention originates in that: 25 different input

" net hods may have been used in the same Chinese system A different storage
format may have al so been enpl oyed. However, the final result is that the
same character font file is read. In order to enable the Ght Wz@iaract er
font file ~ 7 APR 2003 14 to adapt to 4 hese circunstances, valueS known
as sequence codes are generated. In the input nethod, conpression formnulas
are used to conpress the codes of the character. Reference is then nade to
an input nmethod systemreference file that includes 5 | ook-up data for
conpr essed elaiekorsitli s fpadnre chdegceanst cakeslaatd ernsraceedad@ihaddiyng t he
sequence code initial values) to find the sequence code that corresponds to
t he conpr st 8¢ eposiel S THéseexbnached Taalusreleasrcot ticuseed docehebufifer
characters stored_ in each character font file. Once the 10 sequence codes
have been TRF:MelO0 t Her charae ¥ Yf 8RPTRPPe can be read to retrieve the

characters, as sho in.Fig. .10.. Mreover, i,n_sanme _input nethods that are
based on di smant| i \rll\g‘l\‘%fh&‘ig‘r éB?%Jrgsﬁapag?bfﬂénggtdjetbgt%tlé%]ﬁ%fsiet%eé’(‘fq"or
sone £har I 0 i i r.en (= Te ve
he same. arein ot chades R R A Yot e RaRbar et e haa2
character y€ce@ firon RIS &t £6r Hediurs 7I00vVeAt § ©&p REYFI0r NBn POSdp RRVESSI Ng
in view of these circunstances. Fig. 4 describes the conparison operation
fl omchart 2ofefende tompadattor e triashi 0.t dmp lsttep feddlird hemoaripdmat or
portion 400 retrieves the base radical codes outputted by the character
shape di sre®¥¥Fiony 356 LnaF B0 toreopmpake Bite EpakBgrsre 7 Gbef brpebmyaokson. | n

step s402, conmpression of the base radical codes is perfqrned accaording to
the conpr &5t hfs%%?%?%é’%%@ﬁhirr?q]r%a]ﬁ&ﬁ‘é’ éke ?E‘g{ﬁéﬁé’t%ﬂr fter,

in sfep s ren I.s made t.o .the in methad reference portion 450
to f%ﬁd sgtg%ne%%%gogggggfac aegnéacﬁlezrlr}%a?oggi?%r%tgrgoﬁqﬁot K&’ cgcr’rprfgrslge %ceodes

by no nore-dhess 8 Sdt eaheIh v@hugi Jh ddyrecof AR 200 1Rithephs4@hudt s

det erm ned whet her nore than one sequerice codes can be found. If yés, the
character dtedkeor [asposs303,t ResEEeNoE thderdd calipuhbedvé ¥ o Mounel
character font file as the recognition result in step s405. If the sequence
code of noree 5stdmed oiie & harcateon vl floathds tadiee sigyudrec dudddes refyime
candi date characters are stored in the buffer region 700 for subsequent
post - pr oceb%? ng Opered § o byl B net 9 st O ocesdi P Pordh ik s 66, RERdNGthg to

Fig.,5 in st 501, the strok . 10 feat f the radical .set that
For m She CARth ORES ORI act 1 aRes o LRt LELPTTGHI nEPBUIT rBfon 00

e eaherre 0-34ER 85 0he SR RoRt BHREESS MR R hellok e
each radi c360 pftHdeshandwondiere £ har eehgarebdnwstBPtBE0Beatt®es of each
radical template stored in the radical template feature
memorizing portion 350 in step s305 in order to find the
20 radicals that can be commonly formed from the strokes combined.
In step s306, the codes of the radicals found are stored in the
buffer region 700 where the relevant information about the
current strokes and the associated intersecting ones is stored.
In step s307, the input stroke is combined with previous strokes
25 of the same level and, in step s308, reference is made to the
radical template feature memorizing portion 350 in order to

compare the shape combined with the features of the radical

templates stored in the radical template feature memorizing



.15 total stroke nunber of the candidate characters and the stroke nunber
val ue after conpression are conpared with the contents of the exception
character description portion 550 to find the candidate character with the
smal l est difference. In step s504, the character in the cWarAﬁ’@tgmafont file
that corresponds to 20 the sequence codg of the character is outputted to
the output portion 600 as the recognition result. In the exanple which
foll ows, the Chinese character, is handwitten on a line to illustrate the
processi ng of the basic operation of the on-line handwitten Chinese 25
char act er goaad@ii t350 Appes ateISEDAdt bhe rAdeBhLentWathcael Beeretnionlihe
character shape dismantling process flowhart of Fig. 3, the character
conpar i ng fumess £ ridmowhieacombfinleidgst4pkasd t he shapasl@?®, pdst -qudee oS ng
flowhart of Fig. 5.~ The 1 7 ,qP~ 2003 16 base radicals, the derived
radi cal s, thfe xasHcals rihat e Fal BeundhareodEossrpiasdpen thienso® fatdeot her
rel ated pr., ncittp:s', S in the conventiopnal Tsa Chi ut nethod serve as the

't')ackg'r'o_und-_‘lﬂ‘u rﬁrkf?_séﬁ E%@FWQS?_%C{ Storfeltﬁgna?\ﬁn?t_%‘ﬁe%ﬁeﬁ &&eer
Sl TS ot ediskng e LoguL pection: 400 51sp: 202 i, per farmad for

nor gl i zat1on an i'ne-"t hirnni SsI Ny DF EPFoE
200. | t ; , NG o : t
the char aCtar Tt & The 4 £ 515 Bad SO “Bol & Baapaq rof '8F UFkd, Arlgpar Tt ©

In step siidslidetaiokest i oricil whengt hef cadplioFScombeAtigsh itk e refvitdie

character and the intersecting relationship features between strokes are

ext r act ed.stiweas f eat peefoamedst orBa Bhephes 3 f exfteyi bnspeotinnstedd 205.

15 Subsequently, with reference to Fi % 3, the features of the first stroke
iCoRY

"o oare retTiRAY fihemradd agds pet £bg goborredt Bpem e Mas s naibezo2,

f ' de t di cal | ate feat i Zi t] 50
L e A Y T At
Vw] 20 H H ll_ll
oot tari Ly S EAgEet el trbe 2l HOEERRAH coph (0RIRR INE R

in the bufxfeajidreqio@niawtﬁ d3e | ogatbent RO dBCH N Reakheadald frrlehe

first stroke "-" . Since isis the first stroke, and since no other

st roke hasftheemnhienspet rathiidh: bef ot ebhad, fat efd sB80hd stE3R8srieede hetenbe
performed. The flow proceeds once again to step s301 to retrieve the

feat ures ofoue seddrdlssebler compatigantand Bgﬁf@@dﬁe%@ifob.a%@r.adwaslt%p
s302, reference |s de to the radical tenplate feature nenpri zi ? Ap

f Zi ng 1
R 2003 17 BtnetnaseRebeteoapsr tRgne thPt Hé Gt tResCot ERE Fhatcare
tenpl at es e, s ke, number_.is 1 1t0 g t radi c " that has _the
YOS TH AT E B ot e IR TS R por Bing oF) R

greatest simlari cause € radi ca

he 1 adi cal W R SRR AR SERR BOTfer Toaroh 1004 TRt iRt ENror
recordi ng dee daidi fl1d Mhateeprdradicals found belong to are stored in
the buffer region 700.

20 The breakthrough of this invention as compared to the
prior art, e.g., the comparison technique of the comparator
portion 400 can speed up the matching speed and the reduce data
storage space, will now be described in the succeeding
paragraphs. The present invention originates in that:

25 different input methods may have been used in the same Chinese
system. Adifferent storage format may have also been employed.

However, the final result is that the same character font file

is read. In order to enable the Chinese character font file



stroke " ~ ". Then, in step s304, the second stroke is conbined with the
first stroke ( "-~-" ) that intersects therewith. In step s305, reference
is once again nmade to the radical tenplate 10 feature nmenorizing portion
350 to conpare the conbined character shape "-f-" with thd % ¢®Ru2083 of the
radi cal tenpl ates whose stroke nunber ajg 2 to get the radical "--[-" that
has the greatest simlarity. In step s306, the code (e.g., 10) for " -1--"
is stored in the buffer regions 700 at the locations for 15 recording the
data of the second stroke "~" and the first stroke "-". In steps s307 to
s309, the tadidagitstbhdievarireuhstmedt da,onaihesdommed séqokese arotiddhe

ot her strokes that were previously inspected are found and are recorded in
t he buffera¥eggereraied Thdn itbe dhpuidihedhodetcompmes$ ben dfdrmilahars r okes

20 by perform,ng the aforenentioped steps i.s shown in_Fig. 9. After all of
the St T okedSHi® FEBRTRASERE P ds ot ERe<HATaFr S { REFEFERC L F liery of

DS, 20 CaladEl 11O Ry BLE O FORIFA e, M eTenlO0, g o oo

that is fornmed fromt rokes i's fou

> h - C o i cal s 4~
accorgli ng 25:%0yh 8a§‘§; Gl n@éﬁ}zgégggafﬁgde a(rg?s,gelﬁﬁgﬁe%, l;éfi,esz) a,n(q it

L

~—~

t ot al stroke nunberis , '

2) ," ~ " ¢alcdlatiohs drehide (dUSiEPEBLE2se §idECe GVUDEN SEPAL AQthd )t O
| eft and right sol e bodies, based ~ 7 AP R 2003 18 on the Tsang Chi code

retrievingtoufiosd the "segqudncstcodd rilmavedcasresmonad ttpdrie afongharsastder .
This belongs to the base radical the base radical code of which is 17.
Three codeg°@fe refhpégedsediendr Cagias pdenode cHe asegpence of/the\" 5

bel ongi ng ively to the, ba ~ oo o "J~", the se

di | " , N
Padt ool "SRR PEF GRS ftared 1ngeach GHARARNSY ofONt Rty PRCS: dPa1s,
h i j i 700.
e P80 8GLEBhCE R d frav bhEn dBcATfel) MRS crh PNt BIFORE £POL UMDY

character sdapeadi TANELL PYePar AN 3004 OEe £OPAKI Sbwi Nigt 8Rg$40% . the
conpression forrmula enployed in the Tsang Chi 1 nput nmethod is uSed to

conpress tMerbasery ath csdme ddgfut meuipdsstdtcade Faddd o M shabd gy’ +
15 x 272 + 8 x 27 + 0. In step s403, the sequence codes of two characters,
" 15 ~I | ~"b@n¢haractgy chhdpeber fhemcode coaps esoad tdddd sy Bovalapme
character are not unique. As such, different characters can
15 have the same group of codes. Therefore, the on-line
handwritten Chinese character recognition apparatus of this
invention performs post-processing in view of these
circumstances.
Fig. 4 describes the comparison operation flowchart
20 of the comparator portion 400. In step s401, the comparator
portion 400 retrieves the base radical codes outputted by the
character shape dismantling portion 300 from the buffer region
700 for comparison. In step s402, compression of the base
radical codes is performed according to the compression
25 formulas used in the Tsang Chi input method. Thereafter, in
step s403, reference is made to the input method reference

portion 450 to find sequence codes of character that differ from

the compressed codes by no more than a threshold value T: 1In



_below the threshold value T, are found by using the conpressed code to

| ook-up the input nethod reference portion 450 and by naki ng cal cul ati ons
(addi ng the sequence code initial values) . In step s404, it is determ ned
that nore than one sequence code 20 was found, and the tW gpguygpace codes
are outputted to the post-processing pdk&lon 500 for post-processing
operation. In step s502, the post-processing portion 500 conpresses the
nunber of strokes that constitute each radical using 13 as a base. The

st roke nunbers i ")

e st-qp f%%reﬁs'éééﬁ% b Sile S MG RLf b e Sefieince oy + o

i(o'} gl ;t rlo e n Jmfdf) c}f S/aer’?d r{ae[af keag%agﬂ;ecftﬁpaat?ggogi‘orn%%b od %//\nat{%ecﬂ?nd the
t hose DWW 19 o %Epueegd £Kbm’ tﬂ@gtt a%‘tf@nmf'o‘?x'% @E‘ﬁ.‘éa&é &h

descrlptlon ortlon 550, an I's deternmined that "=" is the one with the

| east averageodh it efencasullti Nl k¥epl §486€p 55Qhe EB@{u@ﬂ@I’ea@béé of more
corresponding to the sequence code of "~JIL" in the character font 5 file

i S oul put tietarat ohke chdpadteor Wiasn 600nds tthe reeqganteorcadesul 6f e Tsang
Chi input nethod used in the aforenentioned enbodi nent is but one form of
envi r onnerargidae ghaertteny e oﬁtorrﬁfé me%%tbwmtrwqrs HA famited
to the 10 aforenentjoned enbodi nent . (% g z) Qz’sel FF?Ut nmet hod |s based
on di snant?‘ﬁ]?@e%‘s}e’é%aﬁ’%ﬁe?r%‘ﬁ‘aﬁééngu Ppéaﬁ B& uSed S RS T
enV|ronne&g dg esent invention. The radicals in the input nethod are
used as the ra |ca? enpl at es when di smantling character in the present

invention. As for the.gofpidg ¢SIHilLYENTiHWES, a1t heneoser SRER I ON
fornul as used in the input nethod, these can be modi'fied for i npl ement ati on

as |pmg asfédeutestvd qanSré@Lca&sg@@tﬂnarlg floy i aHeceinanda corIRAtdtters
operations renmai n unchanged. Wth all of the character included in the
Tsang Chi 20eiimnutted Hobmas heobsifliflee regdgmi 706n pineresftenenin ldam- | i ne
handw i ting recognition apparatus of this invention founded on the Tsang
Chi radi ca?30%s Ghe pRgt- HE@F%ﬁéFPﬁQ"b’ftwé\ﬁq irehighayatiss shedi®RAhg t he

techni que SHYL PELE Aol T r}:letsls%rhg the number of strokes that constitute

each radical of the handwritten character. 1In step s503, the

15 total stroke number of the candidate characters and the stroke

number value after compression are compared with the contents

of the exception character description portion 550 to find the

candidate character with the smallest difference. In step s504,

the character in the character font file that corresponds to

20 the sequence code of the character is outputted to the output
portion 600 as the recognition result.

In the example which follows, the Chinese character,

"P ", is handwritten on a line to illustrate the processing of

the basic operation of the on-line handwritten Chinese

25 character recognition apparatus of this invention with

reference to the character shape dismantling process flowchart

of Fig. 3, the character comparing process flowchart of Fig.

4, and the character post-processing flowchart of Fig. 5.- The



effi.ciency of up to nore than 92% Since the present invention 25 uses

exi sting Tsang Chi codes for presenting relation between radicals, storage
of a large nunber of character pen ink tenplates for recognition is not
needed to | ower the database space. 1 7 App 2003 20 while AFTE 2038 esent
invention has been described in connectijgnh with what is considered the nost
practical and preferred enbodinents, it Is understood that this invention
isnot limted to the disclosed enbodi ments but is intended to 5 cover
various arrangenents included within the spirit and scope of the broadest

i nter pret ablage sadidsal s, aitvodpadsealdadiichl apdiHd catieopst andvenyimal et
arrangenents. ~ 7 APR 2003 21 WHAT IS CLAIMED IS: 1. An on-line

handwr i t t efthéhtadeecaipress eon neddgpd ehdre dpparatlaed adapt bgcapbesfior thegi on
for tenporary storage of data _and an output portion, said_apparatus

conpri si ngCoRviRRdiichak depngt Rt eliRirle W%ﬁﬂcff'ieﬁgepéﬁt'ﬂéﬁl bagd9raung Shape
features of_.base radical s or, derjived radicals defined by an input nethod
based on m?&ﬁm&ﬁ%%ﬁ?ﬁnﬁﬁhﬁ§%mﬁ% *shape s an input nmethod reference portion

f ound on a conventigonal_input. nethod,based.aon di.smanfld ng. by.character
shapeg’,cI and i ncl udi n&‘%eﬁ nfgtg? %Pﬂgﬁlgggpeﬁh%aa?tfeﬁ e #]%r Jcﬁa?ﬁ??é?ed
conpr essed &36R; aPle SAGHRIICEREQEEcHh00KIAP ERERr NRIA DN sAhSHESRIdPNfor
character description portion for recordlng features of exception

char act er s noorraa 1d. zan tpicst -gidcebsi Agnpethianing deciciswimy fhypatheepagnri tion
result from anong candidate character s an input portion including a

di gi tizi ng Prasiess iy RO PErP2@0 condRnitePas 208 | Cherenhernceepakabdngi ti ng

equi pnent a pre-processin ortign for norpalization and |ine thingin
orocessi ng TICHHRNE S AR AFTR L VR Har SEPEF AL RS GhAdRGHETt HRECIHR UPES

needed in chayacter recognitian for, rage in.the buffer region, a
char Ier ﬁﬁ’é{)er%ﬁe@'rmﬁfﬁ)gnbob&eﬁ’on o? Gg‘gn%m ihng Eﬁ‘ar%(ﬁpe?é"g&seqtaﬁ t he
features ofyihhe. hapdurid &@ﬂg%arfgs&%egxafa&é@ﬁ Wrdhie J enRr 8R8SaEREy

portion and with reference to radical tenplate feature nenorizing portion

ZgRazog g fiaddl the ok €94 St i@t Cart R Echandws bé e ENFRATISare~ 7

extracted. These features are stored in the buffer region 700

in step 205.
15 Subsequently, with reference to Fig. 3, the features
of the first stroke "—" are retrieved from the buffer region

700 in step s301. In step s302, reference is made to radical
template feature memorizing portion 350 (see Figs. 6A to 6D)
for comparing with the features of the radical template whose
20 stroke number is 1 to get the radical "—" that has the greatest
similarity. In step s303, the code (e.g., 13) of the radical
"—" is stored in the buffer region 700 at the location for
recording the data of the first stroke "—". Since this is the
first stroke, and since no other stroke has been inspected
25 beforehand, steps s304 to s309 need not be performed. The flow
proceeds once again to step s301 to retrieve the features of

the second stroke " | " from the buffer region 700. In step s302,

reference is made to the radical template feature memorizing



. 22 a conparator portion for conparing the constituted radicals found by the
character shape dismantling portion with contents of the input nethod
reference portion to get candidate characters that have di fge,r ﬁ@ﬁ aI ues
bel ow a threshold val ue the post-processing portion decidin

recognition result fromanong the candiHate characters based on ot her
features of the handwitten character and with reference to contents of the
exception character descripti on portion, and for transferring the final

recognition result he out Jporti for o A3..AY.AY. AF5. A h. AF. A
| 2. A3Y. AFHEOTAL 3. 3565 AEACRTEE As‘l? "R‘%‘ AthivgigguﬁﬁsAEf A&‘ﬁ‘g‘[?ﬁdE
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ledorsheatey paoohsal ol sk bl el suslesleslenl edsalelye O
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a] ca] ca] cajged caleakeahea] Ga HEa] £9d L] Radieats, @hRO AL ELN1 224353 833441 5
556\ 666777T8] 8 80| w mhc”YU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
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KKKKLZLLMW P $R 2P e Fjwel eh)aks ]t@a]léé] e e tkF2h) chj' chreh) kaf cd)Ra) ca]

%ESL%%%%%LCM ) %deﬁa&hﬁfﬁi@a]%a?ca] %8] cg]”ca] cal ca
ol ol ) s crb o o gt £ o o

] ca] eg] ca] 9@&,@@&{15%] Qa]ecala%] i cedeabkeahaakeabkal oal oa]aela] e af cadeal cal
OkkKI 111 [ mmGnnnno[ ooXqqqq=r

SEsssss} xsatedXy) § cd| callc alteqsc 3]304] c@] 68P0a] thicahdatehicehat]canp dad ca] ca

] ca] ca] ca] ca] caJ ca] ca ca] ca] cal ca] ca] ca] ca! st.t uJuuuw vv8WSWWWXXXX<YUYyyYyyyy9

zxzzz_{1{o ??‘%ﬁlﬁf Rt e S4relssped]) dE EEPEE]Scta‘]Q:’?ﬂSCET’éa]‘”c%ﬂ] a] ca]
I 9

o 1 (o)) RERT %??} i@%ﬁ%%ﬁs}ﬂc#sa%%%]% LR SRR R O

‘138!)/;3]( ?a}:gg%gggﬁa% i’%@iﬁ](:)%ac] éi‘ 1C f%gfgﬁ/@{‘?@r all of the strokes

10%&20) BaBY; @%@o(:iuﬁ?o%&e( )a'f\é@elrfé‘i/f&:l(drre\é ISk (1)s IR i(n -BLPSIDIE () - %

P72 "$10%& () -1V ' $10%4#& () -1 L"$10%& () - n,

F109&' () - 109%& () - 102@&te)-=PDuaBLRB! A0k ¢ have been inspected, in step
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)-ys109& (¥3#@0Bsori theldiso aDFI® ¢F-the radical sét for each stroke

as recorded in the buffer 700, the radicals that is formed from

the most number of strokes is found for each stroke according
25 to the stroke input sequence: "F¥" (base radical is F, total
stroke number is 3), "F" (F, 3), "F" (F, 3), [ H, 2),
“Te o fr, 2y, 7o, 1), "\ (A, 1). 1In step s312, since

"H(" can be separated into left and right sole bodies, based
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(10% & () -Figaloog.&if) spepas313, d¥NCbas@ radical codes 17, 8, 12, 15 are

stored in the buffer region 700.
In step s401, the comparator portion 400 retrieves
10 the codes from the character shape dismantling portion 300 for
comparison. In step s402, the compression formula employed in
the Tsang Chi input method is used to compress the base radical
codes: compressed code = 17 x 27'+ 12 x 27°+ 15 x 27> + 8 x 27
+ 0. In step s403, the sequence codes of two characters, "
15 " and “#k”, which differ from the compressed code by a value
below the threshold value T, are found by using the compressed
code to look-up the input method reference portion 450 and by
making calculations (adding the sequence code initial values).
In step s404, it is determined that more than one sequence code
20 was found, and the two sequence codes are outputted to the
post-processing portion 500 for post-processing operation.
In step s502, the post-processing portion 500
compresses the number of strokes that constitute each radical
using 13 as a base. The stroke numbers are 3 (F .. "F"), 2 (ff
25 W Ny, 1 L vy, 1 (AN . M\”), respectively. The value

F after compression = 3 x 13*+ 2 x 13°+ 1 x 13> + 1 x 13 + 0.
Thereafter, in step s503, the F value and the total stroke

number (7) of handwritten character are compared with the those
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embodiment is but one form of environment of the present

invention. The present invention is not limited to the

10 aforementioned embodiment. As long as the input method is based

on dismantling by character shapes, it can be used as the

preferred environment of the present invention. The radicals

in the input method are used as the radical templates when

dismantling character in the present invention. As for the code

15 retrieving rules and the code compression formulas used in the

input method, these can be modified for implementation as long

as the techniques for dismantling by radical and comparing
operations remain unchanged.

With all of the character included in the Tsang Chi

20 input method as possible recognition parties, when the on-line

handwriting recognition apparatus of this invention founded on

the Tsang Chi radicals is in use, deciphering of handwritten

characters employing the technique can have a recognition

efficiency of up to more than 92%. Since the present invention

25 uses existing Tsang Chi codes for presenting relation between

radicals, storage of a large number of character pen ink

templates for recognition is not needed to lower the database

space.
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shape features of base radicals or derived radicals defined by

an input method based on dismantling by character shapes;

an input method reference portion founded on a
conventional input method based on dismantling by character
shapes, and including an input method system data file for
character compressed code and sequence code look-up
information;

an exception character description portion for recording
features of exception characters to aid a post-processing
portion in deciding a final recognition result from among
candidate characters;

an input portion including a digitizing tablet and a pen
of a conventional on-line character handwriting equipment;

a pre-processing portion for normalization and line-
thinning processing of input handwritten character, and for
extracting features needed in character recognition for
storage in the buffer region;

a character shape dismantling portion for dismantling
character based on the features of the handwritten character
extracted by the pre-processing portion and with reference to

radical template feature memorizing portion so as to find the

radicals that can form the handwritten character;
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