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and conv_ent.lonal characters. The primary
S ’ B .

(2) A method of displaying (outputmg) Chmese characters
(3) * A method of On-line Hand-written Chinese character recogn jon.

| (4)'. ' An intéractive approach for desngmng the dlsplay panerns of Ch

” . R L)
o . ABSTRACT R
) ‘\;v' ‘. .U' ()) o B - ' .’ 3 ‘ &;"s

" Developments in computer technology in the past few decades have led to rapid .

. advances in the uiachine'pfocessing’ of information. Native Chinese‘s‘s:'akers'account

for about a quarter of the world’s population. The need for Chjnese i armation pro- -

cessing among Chinese is not questioned.

'. . This]besis is concerned wish the, design and- impiementation of two“major com-

]’enents of a Chinese Character Software System (CCSS). These components are th‘ei\_:
- . Ve

’L‘ogical Chincac Tcrminal (LCT) and the Pattern Editor. The CCss proviudes prelim- \
SN

> !
inary capabilities .f, Chlnese ,(nnmatlon processmg The LCT serves as an m,ierl'ace

dnd output of both éﬁ‘m«w’/

' ct,lon of the) pattern ednor is to allow

between users and the UNIX aystem and allows the i1

users to create interactively the display patterns of Chinese charactersb

fn the design of the components, the following i,fsues_":a've been investigated. *

(l) : The i’ntebnal representation of Chinese chafact.ers  UNIX systems o .

Py

char-

acters, and automatic generatlon of l:ecognmon schemes for demgnated char- -
‘acters. R ' ' L . 7

{

"The work reported here represents an attempt to establish a research taol for the

study of Chinese information processing using UNIX systems,
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~Ch apter'l . ‘ -
: Introduction

- 1.1, The Goal

Developments in cemputer technology in recent decades mrﬁpld

’ advan\c‘es in the machine processlng of mformatlon ’To mcreaséhe accessibility of
computer technology in’ Chmese speaklng soclety the computer input and output of
. / e -

Chinese characters ns now a subject of mtenslve research around the world A good

nntroductlon to the ﬁeld has been given by Chu [Chu79a]

., Chinese. lnformatlon *proces‘smg is often encumbered vat ‘the input and output -

| stages owmg to the.enormous set of characters ;nvolved The Ianguage conslsts of
| more than 50,000 characters (49030 characters are hsted in the Kang-hs: dlctlonary) of

‘whlch 3, 000 toC\OOO are in common use.. Without machlne processmg of Chlnese,

many 1mportant computer apphcatlons ln busmess manageme d information |

| retrleval cannot be developed for Clnnese speakmﬁspclety, which composes a quarter

‘of the world s populatlon The need for Chlnese lnformatwn processing is not ques-

- o ) W
’tloned 3 IR , R ! .

Thrs thesls is conderned with he deslgn and unplementatlon of a software system,

| specnﬁcally a Chmcse Charactcr Softwarc Syattm (CCSS), on UNIXl that

o
' ”

thesls

(D The design of an internal representation of Chinese characters; E
£23 The design of an eﬁicient and effective method for displaying.Cbine“ﬁ-cha Aoters;

¢

1 UNIX is » trademark of AT & T BELL Laboratifies. o
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{(3) The desigitiof a ‘method,for reconizing hand-written square style Chinese charac-

)

The design and implementation of a logical Chinese terminal; and,
(5) ~The design and implementation of a pattern editor.

' . ; n . . .
“The primary goal is to estabhsh a research tool for ‘the study of Chinese information

processmg usmg UNlX systems, that ‘is to explore UNIX .as a tool for research into

>

Chinese, ml'ormatlon processlng The eﬂ'ort is justxﬁable because UNIX is a popular

operating system. Moreover, many UNIX machines haye been developed and are used . -

extensively in universities and research institutes. The secondary goal is to produce a °

system tha%allowa for growth and for experiments on various system components.

[

1.2, Forrna‘tionof Chinese Cha.rac’ters )
‘ 2y
/

Chxnese, belng a hleroglyphxc language, is very dlﬂ'erent from western l%:guages

such as Engllsh It is necessary, therefore, to descrnbe the formatnon of thc/haracters

.

The development of Chlnese‘ideographlcs took place in five stages over }VOOO years as
‘ descnbed by-Suen [Sue80]." The ﬁrst stage was the creation of the/characters the "
: Bone-and Shell script “that mdeed were pictures. The next stage occurred durmg the

Chou dynasty The Bone-and Shell scrlpt was develo‘ped into the snx fold classlﬁcat:on

B

that is called the Six Scrrpts The standardization of the characters durlng the Qin

dynasty led to today’s unlﬁed set of characters The fourth stage saw the develppment» =

.

of the cursuve seript lnto a rectllmear form and the ﬁnal stage occurred when the rec-

» tilinear characters were codlﬁed into the present square |deograph|c characters

f

“The ldeographlc characters currently in use have remanned the same_for about

‘ 2 000 years (a slmpllﬁed version? has been under development in mainfand Chlna since

' ,'1956-) and still can be classified"into the following categones, the Six Scripts: B

. .
.,

"2 Current version has 2,238 simp_liﬂed characters [Yxp&il
. . : 2!

or
P : '



3
(1) Symboiic Characters ; symbols of abstract concepts.
) -example: - modern form . ‘meanin”‘g
i) R | o one
i) - - :_ : two o ‘
I N R
iv) : . -F "]+ down
Table 1.1 Sample chargctérs of the 'symbolic’ script . o ' -
(2) Pictograph : pictorial representation of objects.
- .example: " modert form- ancient form ’ n ‘
, i) s K] wesd(ereey [N
S S K o e
- i | . . ' 94 2t ' T\ LT
“Table 1.2 Sample chiaracters of the 'pictograph’ script SN

~ (3) Ideograph : two or more pictogpaphs put togeth.er'to form a character with a,
: il v o

. L4 .
'meanihg extended from \the piétofi_al cdmbinétioq. B %ﬂ
o ex;mPle: . modern form ( me.aning‘
i) ;' ) ** ‘ o _.groy“e('twg trees): )
i) . 'f * ,rgst( man v.reatin'g bes\ide‘ a tl"ee ) : 'S

Table 1.3 Sample characterS of the 7ideograph’ script

i ) - .‘ . L . 1. | (
N S e | ey . :



. )

(4) Extended Meaning - although most.characters involve extended meaning, there s

are some cases where the meaning has been extended so far from ‘the origﬁal
- .‘ ) : ) . ' 6 . )
meaning that the connection is obscure.

example:’ - modern form . meaning

i\)‘ o : Za . . |thing ;"' )

-t - AN . ° .., :|wasoriginally an ideograph made
' ‘ up of ox and knife representing

the sacrifice is the ancient ritual.

A sacrifice is the offering of a

o~ "thing’ to the gods.
. . Table 1.4 Sample character gf the 'extended meaning’ script ¢
5) Phonetic Complex : one part of the/character gives a clue on meaning, the other -
P 4 8 v
-~ part gives a clue as to sound.
7 . . .
example: modern fprm E i meaning A
i) . ] , grass 3
L ) - \_, ) : ‘ “ .
ii) fE‘ ~ Rower / o S
'\‘ ‘ ‘ o ** | radical standing for vegetatio‘h ‘ ,
o - f/}f’t‘ , represenu‘thé&ao'und

Table 1.5 Simple characters of the 'phonetic’ script



(8) Borrowed.Forms : This involves taking the original meaning away from a charac-
ter and replacing it with an arbitrary meaning that has a similar sound to the ori-

ginal character.

-

example: #| . modern-form . meaning

J

PR | / ﬂ * [nothingness: :
: - " | was originally a pictograph of s
dancer with flyttering sleeves o
. |which was borrowed to represent ' ’
nothingness

)3

s ) s #

Table 1.6 Sample character of‘thc 'borrowed forms' script

. <

. .
. . f

Mg " . . A
\\ L

Each of the ideographic patterns is composed of bas:e strokes cnnﬁned lh a square

11-

shape Naturally, one would decomposc the pattern into subp\art that themselves are

legal characters or subparts that are called radicals. Radncals can _decompo d

’

further into basic strokes. Lihes are used to make the strokes in-modern writing:

I~ .

~ hierarchical structure shown in Figure 1.1 illustrates the decomposition process. An

ideograph may be decomposed into only one level or into multiple levels. Figure 1.2

shows an example of the decomposition process for the Chinese'wzord'languagc.
. . - S . ‘

‘

‘



Y * . : ‘ r .
. character :

stroke, e sproken L . ] :
IT refers to a general sequeiice of one -or more Instance Transformations-(IT); the

‘ .
IT in general are all different. [FoD83]. RS
L . R

. N
Figure 1.1 The hierarchical structure of a Chinese character

1

Figure 1.2 The decomposition of a Chinese word

<

1



o ’,/1;3. ThéF'undnmentalProblgml | ‘ H ' \

. [ ] \
The mapping from English text to its internal representation is straightforward,

. once the set of codes to represent ‘each characterhas been determinefl..?or Chinese,

’ however, the mapping is more complicated because of the following Yundamental prol;§

lems involved in.designiflg Chinese input methods. ,
. . % .

————

(a) Lafge character set:

Chlnese langﬁagq consists of a large set of characters that is more than 50, 000.

; } Excludmg the less frequently used characters, there remain at least 5 000 com-

.

L2
monly used chara.cters.‘Thls is the ma)or_problem in designing Chinese input

A .
‘.

. methods.

(l:)) Complexity of characters:

"The second problem is that Chinese ideographics have complex structures. There'

.~ e

' ‘are more than seventy-five different combinations of relative positién of ‘Vradi'cals
[HuS83]. Table 1.7 shows some of the basic structures. As described in Chapter |
two, the primitives of Chmese":,haracters are strokes Lee and Chou found that
'about ﬁfteen per cent of thg characters have more than twenty strokes andvthe

_ average number of strokes per character is about fourteen [LeCBOi. »

’ eiuhplef " structure - modern form . meaning
. n ,
i) left to right | A 0 ‘p‘;us
ii) ' top to Fozmm' ' Q mozher
iii),%\; mixed . 7. _ ape»ech‘ :

Table 1.7 Sdmg basic structures of Chinese characters
B . (.



(¢) Non-smgular strokmg order:
_The pt blem is even ‘more complicated owing to.the lack of unique stroking se-
quence’(among all'writers of'Chines_; [MaS80]: A variety of writing sequences of a
,give.n aracter from indiv‘idual to fadividual means that the characters camnot be/

-

uniquely identified by‘%he sequence of their 'strokos._ , - »

(d) Similarity between characters: . - o .
Homonyms also exist in Chioese. Many characters look siloilar to each other but /
are completely different in'meoning and vice v’ersa.l,The ‘t{la:ti.ve position and the

length of the strokes are often the keys that identify the individual characters

Some examples are shown in the tabI:Below

' DR
T A x/H=/I S’°“n&/80ntlemen/work .
) | KIR | vijdos

Table 1.8 Sample characters that look alike

’

(e) Existence‘of.regional dialocts:
Many regional dialects exist‘ih Aiﬂerent parts of‘CLin’a. These dialccrt‘,s are so
different from each other that it is virtually impoosiblLe to understaod . a dialect
without‘intimate 'k'nowlcdgeof that diolect. To complicate the problo’m, although

v ninety per cent of the characters are derived from the phonetic method, not all of ©

A o

these characters are pronounced accordlng to thelr sound components owing to

evolution and other reasons [Sue79]. ‘ | B f:

3 Major rulea for strokmg Chinese characters are: 1) stroke from top to bottom and 2) from left:
to right. ‘
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kChapter 2 -

. Buckgri;u nd -

The main obstacle u;‘lntchine processing of Chinese material is the lack of an
eflective ihpixt schem.c owing t!o the pmblems};E%rent \‘in the charagters ;bemselves.
Al’Hiu/ng said "n?orc than a hundred methods have been proposed in the past decade
for solving. tixe ;in.put) proble;n' [HuaSS]." These methods can be classified into the fol-

lowing three categories:

" (1) Direct input methods:

hd .

LN

_lpput is via a special d;:aign keybéard, which normally reqﬁires one to three key
strok{ per character. \ J

(2) Eneoding methods: 1
\‘ Input is via a conventional keyboard or numerical pad using sc;mc encoding
mcthodg; These encoding methods are based on properties of the charac‘ters, such

as the stroking sequences, and the structural or the phonetic information.

(3) Character recognition methods:
Input is via a tablet or an optical reader using a character recognition method to

identify the hand-written or printed characters.

In this chapter, example systems in each of the above categories, together with their

¢

advantages and disvantages are discussed. Toward the end of this chapter, an over-

view (summary) of the Chinese character software system is presented.

-
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2.1. Direct Input Methods o

mpl_emen’idt.ion
S
,70's were dom-

of keys.

. [}
lons Terminalf’ by IPX Ideographix, Inc., U.S.A. The input of the characters in

"(An example system is the "IPX 5486 ‘Automatiq_Send/Réceive (ASR) Telecom-
munkw
this sg@,ex’n requirés no more than three key st,’i-okes Yor each of the standard characters
(9, 606 charact’,ers). Thesé characters are grouped by frequency of occurrence with
2, 400 characters per group. Wltbln each group, characters are llsted in sequences of 37

Wi

Chinese phonetw symbols for easy ldentlﬁcatlon [IPX].

In general, the direct input methpds cannot be expanded easily and are incapable
of allowing for the addition ?f new characters. They also make it difficult to locate a
A given character and thus require a long training period for memorizing the lisyout of

. t
the keyboard. )

t

2.2. Special Encoding Methods

The methods in this category caf be roughLy dwnded into four types. The first
. type uses the stroklng sequences of the characters, the second type uses the structural
(radlcal) lnfogatlon while phonet.lc information is t,he basis of the third encoding
method. The mixed strategy — us‘inél the .phox-letic and structural. information —

becomes the fourth type of encoding method.

The basic idea of using the siroking sequendes is similar to the spelliné of an
English word. The characters are described by a string of stroke symbols. The experi-

mental system by Yim et al [YPA83] is an example of a system using the strokihng |

’



. : )
: 0, S

sequences to design the loput method. In their reﬁort, they pointed out that:

) 3

. A person with 12 years of education in Chmese can only stroke thirty to:
seventy percent of the characters correct.ly [YPA83] (page 22) ‘ ,

A consequence of this s}gtement is that'a more complicated parsing technique is
required, allowing for molliple stroking\ sequenées for a character. Nevertholess, th‘e%
system is easily used by anyone who can write Chinese. |

The "Tsang-cAi Chinese character-input method” [Chan] and the "Three Corner
- Coding Method (TCCM)" [HCH'79]'/a're the most pdpulor encoding methods used in the
commercial products (mlm- #hd micro- computer systems) These methods use the
structural information. The ASL208 Chinese termlnal‘ [Autom] by Automated Sys-
tems (HK) Ltd. and the "IBM §550 [IBM]" by IBM are terminals ysing the Tsang-chi
encoding method. Tho Tsang—chi method has the merit of Being implemented easily on'
an Engllsh keyboard Twenty-ﬁve symbols (Tsang-chi alphabet’).are represented by
the Enghsh alphabet from 'A’ to 'Y‘ A set of non-systematic rules are used m\the pro-
' cess of selecting the alphabet sequences that represent the characters The,major prob-
lem of this method is that the rules, are hard to follow. The length of the codes vary
from one to five letters, thus making the mampulatlon of the characters more compli-

cated. ‘ : .

TCCM is adopted and promoted by the Wang Co. .Ltd., U.S.A., on WANG’s

Chinese Systems. This method is a more systematic coding method than others; a fun-

14

damental symbol chart {ten by ten) is used and a set of 100 major fundamental sym-

\

bols and their mmor counterparts are ordered on the chart®, Two pnnclples corner

codmg and shape coding, guide the selection of the th,ee appropriate sy bols appear-

ing at each of the three corners of a given charactet. Each of these symbols as a two-
- [

-

¢ In English mode, the termmsl functions as a full VTlOO termunl
$ see appendix’Al
® see appendix A2
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digit code number (determined by the row and the column valﬁep of that symbol in the

table) which yields a six-digit code corresponding to the character being coded.

. )
The third and fourth types of encoding methods are.the Pinyin (phonetic encod-
ing) and the Pinxxiee (phonetic + ideographic encoding) methods respectively. Both
methods allow Chinese to be entered phonetically on a standard keyboard. The draw-

back to both methods is that the user has to know how to pronounce the charactérs.

- . .

A Pinyin system was implemented at Academia Sinica in. China 1973. This sys-
tem‘resolves a primary problem of the phonetic method — that is distinguishability
‘ among homonyms — by allowing the user to type in an additional word indicating the

desired character. Thus a large vocabulary list was used in the system?.

Tien has de;reloped a Chinese word processor based on Pinxxice [Ti'e82.,Tie85].‘
The Efnxxiec fo‘rmula defines keach character preciiglyz '

. Pinxxiee = Pinyi)n + tone8 + radical
_ so that a lsinxxiee wo:'d exists for each character. A Pinxxiee v‘vord contains l;ot,h the
phonetlc and radlcal information, that is, it consists of a Pinyin syllable with a radical
suffix. The homonyms are dlﬂ'erentlated by the radlcal suﬁixs The disadvantage of
this system is that the operator must know both Pmym and composition radlcala of

the characters.

: The possibility of collision in coding is unavoidable in most encoding methods and
the,interpretation of the encoding rules may differ from person to person, thus ambi-
guity may occur. Since none of the methodsiproposed are unanimously a’cceined and
because of the lack of stgndardization, most ovf the cimme‘rcial systems employ more
than one input method.l

S . R Ty

7 The source of information is from the paper by Fu et al [FuL79].

& Each Chinese character has four tones in pronunciation. These tones are (s) neutral, (b) ris-
ing, (¢) falling-rising, and (d) falling tones [HCD82].

i



2.3. Ch:rlcter Recognition Methods RN

Chmcse characters. are rich ln ‘texture. To recogn\ze them six types of features
can be extracted from Kanji and used as proposed b_x'ﬁr}‘i‘ '[§ue83],‘they are (1) distri-
bution of points, (2) transformation, (3) phys:cal measurements, (4) edges and ﬁqes,
(5) outline of character and (8) center-line of character. Usually, so;le of these features

» A -
are combined to produce more distinctive features. A brief summary of some on-line

character reéognition methods is presented in Table 2.1

~ o }



Authors

[ChH79] .
Chong et al.

[HaY80] _
Hanaki et al.

[lYM,él]

Ikeda et al.

[Ar383]
Arakawa

[TNM83)
Takahashi et al

. b
(WaUs83]
Wakahara et al.

g, .

]

: \
Features uaed/Classification Scheme

Strokiomg order is imposed. Strokes a.?)
e

.classified into four basic groups. T
stroke (group) sequence is used to gen-
erate a key to be searched against a dic-
tionary. ‘

Character is coded into a symbol string

, using binary relation between stroke

and reference zonme. Direct Matching
Recognition is used for characters that

have up to five strokes. The Unit (radi-

cal) Structure Recoghition is used for

multi- stroke characters. -

1

" Stroke pumber is used“as priovary

parameter. \Character is coded into a

. stroke vector sequence and a positional

vector sequence. One of the five type
recognition (Matching) procedures is

- employed depending on how many

‘strokes are in a character.

Fourier coefficients of pen-point move-
ment loci relating to strokes are used as
feature vectors of  characters.

Classification method is Bayesian Deci-®

sion Rule. This method is effective for
alphanumerics and Japanese characters
only.

. ) r -
A priori kpowledge-based approach is
qrmylated for stroke extraction. Each

- «stidke is éxtracted.precisely with refer-
ence to a priori knowledge about the

stroke.

Stroke-number and Stroke-order free

" Recognition method by selective stroke

linkage. Inter-stroke distances- for all

stroke pairs between an input character

and a reference pattern are calculated.

4

14

Rc&lu 8.Dats Tested

.
‘9529 characters recog-
nition speed is 060

seconds for 211 ebarae-
ters (simulated stud

result), ' '
DMR method 210
characters  correctly

recognised (rate about
95%). USR method :
400 c!\aractem.

2000 characters, recog-
nition rate from 90 to
98%

\
99.2% for Al-
_ phanumerics,  09.5%
for Hiragana, 99.3%

for Katakana, 95%x{or
‘Chinese. “} '

[

A 99.1% recognition
rate was obtained by a
recognition ‘experitaent
in 2074 bhand-printed
characters by 30 writ-
e, '

1977 characters, 98.9%
for both data including
both vartations, 99.8%
for data mcluding only
stroke-order variation.

Table 2.1 Features used in on-line recognition schemes
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2.4, Overview of the.Chinese Chiagacter Softwa.re System

pauern editor. Both compqnepts (programs) ‘are wrltten in the C.programml‘ng'

1

LI

\ oo L ) -
&l% Chmcsc Characteﬁ Softwarc Syatc ‘ GGS is deslgned and. 1mplemented on

a VAXg 11/780 machlne runping the UNIX operatmg system (4. 2 LBSD) The ,CCSS

system conslsts of two major components, a Logwal Chinese Tcrmmal (LCT) and a

v

language. The s‘upporting pacl(alg‘es,W'lT‘i‘Bvluer-lp and FDBI! are extensively osed to

e

A

- . l. W A : ) . o . ‘
. ease the |mplementat|oj S B , ) . o

.~

The functxon of the LC’Q,component is to serve as an interface between the user
and the UNIX system. A graphlcs termmal (Jupnter) a keyboard and a tablet are
needed for. display and mput respectlvely The lnternal representatxon of Chmese

characters in the ©CsS system is desngned in such a. way that the internal codes for

Chlnese characters can be mlxed wnth the ASCII codes for conventlonal characters

That in turn slmphﬁes the. edltlng requlrements for example pattern matchmg of

B Chmese andfor Enghsh‘characters (or w‘,ords). _ , )

o
~ An on-line hand—written character rccognitiort scheme is proposed and used- for
mput; of Chinese characters The method allows novice users to input the.square style k

L é
characters by wrltmg (drawmg) via an mput tablet. Another mput method the Thrce K

Comcr Codmg Mcthod (TCCM)‘Z, is employed In thls method a hlgher mput speed

[

o Ean be achleved but users have to memonze the TCCM encodmg rules N

The display _ ol' Chmese characters is based on ‘the hlerarchlcal structu{e of the k .

. " . e
h\aracters themselves A Chinese’ ldeographlc pattcrn dsctmnary is. lmplemented by '

&

uslng the FDB The cha;-acters are regarded as graphlc patterns Each character is

" VAXisa trndemul: of Digital Equrpment Corporatlon
10 WINDLIB s a resource based, general pmgose, device mdependent yaphlcs package by

* M.‘Green and N. Bridgeman {GrB84].

11 FDB is a Frame’ Based. 1))
tions by M. Green [Gre82].

12°The TCCM |s<wnte "by L. R Hu, Y. W. Chang, and K T. Husng in the late 70'

sbase System onented‘towards scxentlﬁc and engmeenng apphca-

[HOH?S).



‘composed of radicals, and a radlcal cg;wists of strokes and/or other radicals. The basic

F

‘ pnmltlves of the patterns are strokes that are formed from the stralght line segments.

F

With the decreasmg cost \of memory and increasing CPU power, the appronch of stor-

ing the hlerarchlcal structure mformathn, rather th&n ?he blt-map lnformatlon of the,

characters, has become feaslble and cost-eﬁectwe ‘ ’ ‘
- : ! !

C « The pattern-edltor allows a user to create?and add new characters into the pat- .

\tqrn dlctnonary Anothex‘ fnnctlon of the edntbr |s to generate the recognltlon scheme

for the newly formed pattern. The scheme is stored in a database called the recognition

dictionary, that is al;so implemented b‘y using the FDB. ,

To create/compose a new character pattern, editing is done by iz rrast =ly posi-

[y

-tioning and ‘selecting existing radicals and/or strokes!3, A menu is emy syed for the.

selection of strokes because there are not many (less than 30) basic strokes. For the

1

selection of radicals, a hand-written character recognition method is ‘used to retrieve

the desired radicals.'énce the design of a new pattern has been completed the pattern

wnll be added to'the pattern dlctlonary A recognmon scheme for that pattern is them ‘

El

. automatlcally generated and stored in the recognlélon dlctlonary

N

13-Radical/stroke that is already created and stored in the dictionary.

2



" - ' Chapter 3
[ ) The-Design
‘This chapeer‘is concernedywith the design of ‘the following issues:

g ¥ ) ! ' - N
(1) The internal representation of Chinese characters; '

. (2) Adi\splay"module;‘ m

’
Y

| (3) A recognition scheme'fpr restricted hand-written square-style Chigese.char'acter;
(4) A logicélChinese terminal; and .
.‘ (5) Apattern editor. © e .

| 3.1. The Basic Design Requirements

z

In seeking a solution to a broBlem one needs to id'entify‘the reqrxirements. From
these requlrements, we can describe a possnble solutxon to the problém in terms of a set
of processes. Each process corresponds to a module that supports the corresponding ‘ .
capablhty. In ehls secplon, a set of requlref\ents for the CCSS system is presented.
.\. They.‘are:v a E | - | f&
(1)Modulanty/Expandablhty s | _ . . e /

The CCSS system should be desxgned and lmplemented in such a way that, lt;f

allgws further functional expansxon and change of md:vndual components .

(modules). That is the expanslon has to be feasxble . To achleve expandabxhty,

the lnput output and manipulation. of data by the CCSS system should be con- -

sidered as three separate information processmg problems In thls way, testmg ‘

and evaluatmn of |deas (methods) can be localized to mdmdual modules.

(2) Dual-langua’ges
‘The system should be able to handle both conventional characters as well as
- Chinese characper@;\oﬁherwis&the facilities provided by the UNIX operating sys-

;en; could not be directly used since the command language is expressed in terms
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“of English. The dual-languages system is also important because the translation
from one language to another is not always practical and/or possible.

(3) Ease '+ : se and User-friendly

Any .) stetm that is accessnble only to highly trained expert,s may never become
‘popular-in today's competmve market. Ease of use becomes a major lssuc in

designing systems. The\CCSS system should therefore be easy enpugb to opera/tj

by both, expert and vnce“ users. The system should be capable of using
fo

different input methods so that users wnll’ have various input methods to choose

from. The term uacr-fn'cndlineu,-‘in software design, is always a criterion and

therefore it i3 also a requirement of the system.

(4) lncremental Expansxon of the Character Set

o

, The last but not'the least lmportant requlrement is that tbe system should allow

users to create new characters and develop his/her own character set (lf desired)

in an incremental base. A . , - Y

The processes involved to achieve these requirements are formulated and finally the
software modules needed to support them are desngned and lmplemented These

software modules are described i the sectlons that follow.

~

w '
v .

NN

4 ) : L .
M For example, pedple who do not know Chinese, and/or people who know Chinese but are not
familiar with mpue encoding methods. . :

-
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3.2. Internal Representation of Chinese Characters ,
In this section, the speciﬁ'cations as well as the structupe of ’the Ch;ncac-.cbdc". r

(internal codes of Chinese characters) are presented. -

»

]

3.2.1..The Specifications

_ W_ith the term ezpandability in lhind, it is natural to specil;y the internal
Chiaese-code to be ihpdependent o_f aay input and/or outpl'_xt method (I/ O-ihdependeht)
since nc1 one I/O methocl can yet be considered ;.s perfcct, and requiring no further
modiﬁcahion. As a resu-lt, of I/O-iddcpendent ihternal coding, the stored data need not .

be chahged 'whcn the input; and/or.output methorl is changed.
For Practical,reasons, documents. from bu’sihess applications in Chinese speakihg
society are likely to be in both C,hinese anci English: No system can satisfy the neq‘ds of
| dsers in this domain (an'd"othcrs) if it can process only either Chinese or Fw!ish but

not both s:multaneously Thereforeé the Chinese-codes have to be dlstlngumuca from

the internal codes (ASCII) of conventlonal characters, 80 that they can be mlxed g

within a.file. In other'words, a ﬁle can contaln both Chinese and Engllsh characters.
, . - P

.' Additional‘ly, the Chinese-codes should also support edi‘ting rec;uirements. The

+ 'S

issues such as sortlng/dlctlonary-ordenng and searching should be fulfilled. Processing
< of Enghsh text has been evolvmg for t,hlrty years and we have learned: what functions:
are wanted. In principle, for processlng of. Chinese ‘vt'ext, ‘these functions remain the:

: : _ , .
o L
same. . _ e
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3.2.2. The Structure of Chineee-code

A ﬁle15 in the UNIX system is a sequence of bytes [KeP84, W3083] Dependmg on

lnterpretatlon the meamng of the byteq in a file can be treated as elther 'Chmese or

b}

En_gllsh. As described by Kermghan and Pike: - o

No structure is imposed on a file by the system, and no meanmg is*.
at,t,ached to its contepts — the meaning of the bytes depends solely on the
programs that interpret the file. Furthermore, as we shall ‘see, this is true not
just of disc files but of peripheral devices as well. Magnetic tapes, mail mes-
sages, characters typed on the keyboard line printer output, data ﬂowmg in
pipes — each of these files is just a sequence of bytes as far as the system.
and the programs in it are concerned.” [KeP84] (page 41) ' ’

To separate the Chinese and ASCI] codes a special character, or a string of- chnracters, ‘

" can be used to serve as the dchmlter The major dlﬂiculty associated with thls method

is that the file access must be sequential (to maintain correct,‘ interpretation of the
) . o 5 ’ ’ ,
data). To support a file access such as random, the codes themselves must be

"differentiable. One appropriate method to obtain differentiable codes is by using the
seventh bit of the bytes (counting from right to left); setting this bit to.'1’ or '0’ the
C /\

bytes'_(clfat.a) can be interpreted as Chinese or ASCII codes respectively. [

(4 bytes)
LLILIJ[II‘I‘I T T T T TIT lTJTTi‘LTT[I I I]

(B bits)
: stro e number

. ‘ . ) ‘. (18 bits) . . '

numeral code

stroke gumber: range from 1 to 63
numeral code: range from 1 to 262143 .

Figure 3.1 The format of the f(éhinese:code'

i

15 Meaning those ordinary data files such as text ﬁ!fs ot binary files.’



(1) The codes are I/O-independent;

] . - . ) v ‘ . ' ‘ . ‘ , 21

’ |

: |
: The internal code for each of the Chlnese charatters uses/needs four bytes. Fig-

.ure 3.1 shows the format of the Chlncse-code To ldentlfy Chinese characters, a

numerical l/O-mdependent an encoding scheme is adopted; each character is assngned

. a unique number. Smce the number for each character is arbltranly asslgned -and nor- |

I&z}} does not:contain any mformatlon for dlctlonary-orderlng, a prcﬁz can be added

'for dlctlonary-orderlng purposes In the proposed struc’ture, the preﬁx-byte contdins -

A
the stroke number of the encoded character, so the codes can easily be sorted in

stroke-number ordering (a method of Chinese dictionary ordering). .

To distinguish thé starting position of Chinese-codes, the sixth bit is set to ’0’
and 'l’, for the first and su'bsequent Bytes respectively. Hence, by e’kamining the
highest two bits of a byte, the data can be immediately idé’ﬁ}ﬁed.

The characgeristics of the structure (Chineseé-codes) are summarized below:

(2) Ecjuai length internal codes (four bytes);

(3) The codes themselves are distinguishable from ASCII c;des;

\

(4) The starting and subsequent bytes within a Chi‘nese-co'de'are di.stinguished by a

prefix code;

(5) The codes can be sorted a\coording_to the stroke number from one to sixty-three;

(8). The codes have the cnpability of identifying 262","143 eharact'ers '(patterns).

o
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3.3. The Display Module

"In this section, a display module is described. This module uses the structural

information of Chinese characters to generate and output the vector format (co-

ordinate of the end points of the line segments that formed the pattern) of the desired

N . . .«
character. . : ' | h

. v

" Chinese characters are ‘ideogravphszj and e;ach can be regarded as a grahl;ic‘patt,eru.
"Theé whole é¢haracter set can be represented by a: geometric model that desérivbeg enti-
ties wi#h inberent .geometrical px;operties, and thus lend themselves naturall\y to ;raaph-
ical represenpation. Ghinese charac'terg‘have a hierarchical structure (shown in Figure
l;l) that is influenced by a bottom up construction process. The pattern ‘;‘)rixhi-tiv‘es are
strokes, thaﬁ can be coﬁlbinéd into Qariodgp rati'tcals,' wl;ich‘in turn cajt; be combined

. . . [ 4 .
into different characters. - - . .

Three databases are employed in the display module: the atroke database, the rad-

ical database and the character database. Different info;-métion,is stored in these data-

, bases. Fig'ure'3.2 shows the basic block diagram of the module.

A
radical ’
database
stroke CONTROL character -
database [T 7] UNIT database | .
i , -
. ) ) geometrical '

commands| = " |information -
|( the pattern)

1/0

3

Figure 3.2 The bloc'k diagram of the display module .

The stroke database siores’infor}m;tion on how strdl}cs are generated from display
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\
)

primitives (in our case, the display primitives are st,r"\ig'ht lines). The radical database
_ stores information on how radicals are :generated from strokes,‘ and/or ot.her raqlicals.
Finally, the information on how characters are generated from radicals is stored in the
character databaue.'Appendix‘ A3 shows an exaniple of information stored in these

: N ‘

databases for the Chinese word language, displayed in Figure 12

4

The'stroke radical and character patterns are all defined in their own co-ordmate
system (the co-ordmate system used i¢ a 64 by 64 matrix space). A function of the-
1control unit” does the necessary retn-eval and geometric transformation of the infor-

- K] : ©
mation for building the needed character pattern, and to output the corresponding

pattern to the.desired receiver.

The reason for the decision of using three separate databases is that, in principle,
changes in the style (font) of the strokes will automatically be propagated to all higher
level components, the radieals and the characters.. Therefore; to change the style of

the character set, only the stroke and/or the radical databases need to be changed.

The maig advantage of the module is that the generation of dhinese characters in
. [ ‘ ' :

. . N A .
different output forms becomes much easier. Much redundant work can be reduced;

."‘{ ',v‘ 4

!‘or example, by using the approprlate transformatlon matrices applled to the final
master co-ordinate system, different character styles and sizes can be obtained success- _
fully. No addmonal pattern . storage capacnty is requlred here and this will be
'speclﬁcally beneficial for type-settmg purposes [K1382] Flgure 3.3 shows _Some exam-
ples of dlﬂerent styles and sizes of Chinese cnaracters. These patterns can be used
directlf’v\'n CRT display. They also can be easily transformed into dot-matrices (but

not vice versa!) for applications to matrix ‘printers...
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Figure 3.3 Ex.ampl‘es of different styles and sizes of Chinese characters :

'

Ano"thef ad\};ntag'é is that the constructior’ process of the character set is sys-
tematic. A ayntac{ic dc‘acn'ption language describes’ the geometrié relationships of the
strokes an.d the radicals of the gharacters. '}‘he languages proposed by Naganashi-et al.
[NN‘I'\I83], or by Huang and Suen [HuS83] can be used for this purpose. However, in this’
" thesis, an interaqti\;e approach is proposed; it is presented in Section 3.5 The
“approach reduces the required user memory, f'o_r sboring‘ the construction rules when

using the\ syntactic vdescription langu;ge method. The immediate feedback of user

actions by this method eases the overall construction process.



3.4. Hand-written Chinese Character Recognition Sch&me‘

In this section, a charactpr recognition scheme is described.

3

\(_35

It is designed to

recognize the restricted hand-written square-style Chidese characters. The word "res-
tricted” is used here to emphasize that the cbaracters'havé to be properly written. The

current scheme cannot récognize l’o'ugh and distorted characters. A block diagram of

the recognition scheme is illustrated in Figure 3.4.

il

dats Segment relation relation
2 Classification Classifieation Classification
Process, Protess Process
N strokes relation : radicals relation
segments radical ' linformation infarmation
Stmk.Q. stt&e‘s"' Radlc.‘! radicals Chafracte'r .| output
Composition |3 Composition Classification |re———sm
’ Proceg: Process Process
* ., Figure 3.4 The block diagram of the recognition scheme

The recognition process is systematically divided into four stages:
(1) Segment classification;
(2) , Stroke compositio«n;

(3) Radical composmon, and ﬁnally,

-

(4) Character classnﬁcat.lon

The basic idea of the scheme is to compose the segments into strokes!6, strokes into~
radicals and ﬁnally into the appropnate'character according to the information ( posn-
uonal relationships) stored in the character recognmon dlctlonary Both the stroke. -

connecting point and the stroke relaeti"'e position are important keys for identifying

characters,

h“ In this thesls, A stroke is divided into segments at the point where direction of pen motion
changes. .
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3.4.1. Strategy of Character Recognition

'

For hand-written character data acquisition, a data input tablet can be used. By
tracing t,l}e: data (pen-point move-meﬁt loci') from the tablet during the writing of a
character, the number of compoéite stl:okes/segmeﬁts with their starﬁng and .ending ’
positions can bé determined. In the proposed recognition scheme, an assumption is
made that data ;cquisiti(;n is started froxﬁ the two end points of each seg;nent. 'The
preproc;!sing ito separate the data into segn;ents), such as the smoothing operation
and the turning motion detection of the pen-point mﬁv‘ement loci, is excluded from the
scheme. The reason for th'e exclusion is because the techniq\ie or g]gérithm for segment
identification is device dependent. In the CCSS system, the tech;i\(lue to obtain the
two end point posiﬁons of each segment is the interactive method pro:-ide_d‘by the

3

graphics package: WINDLIB.

To achieve a bettef p;:rformance, a stable and compact representation of the
characters must be found. The previous work tells that the hierarchical structure (used °
in the display module) of the characters is a stal;le and compact represe‘htat\lon. With
the raw data gathered during the writing of an input character, the recognition process

performs something like the inverse operation on the hierarchical structure. That is, it

1
1

' s L . » L
composes the primitive data into intermediate data (strokes and radnca’s) and finally

into the appropriate character.

In on-line Chinese character recognition sistem’s [ChH79,IYM81,NMAS83|, the
positional information a.;ld the stroking scquencé are the important keys used to deter-
mine the input charzicter. When the stroking sequence is used as the primary 5
ldentxﬁcatlon key, the recognition process will be sumlar to the searching process of a
spelled English word from a dictionary. But, because of the existence among wntcrs of
multiple strokmg sequences within a ch;racter, the recognition process becomcs more

difficult and users are greatly restricted. Figure 3.5 shows an example of the different

i



writing sequences of t..he Chinese character day.

| TNAg
I'LCOB -
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Figure 3.5 Some writing sequences of the Chinese character: day -

?

\

1

To complicate the problem, the existence of the stfoke number variation, that is
the splitting of a single stroke and concat;enation’of successive strokes, makes the
recognition inarder and it may even fail as a x:ésult. Owing to the above problems, th:
information of, the stroking sbeque.nce is dropped and the‘po'sitional information is used

‘to determine the inﬁlﬁ ¢haracter. The positional relationship between strokes and rad- ‘1

icals is stable among characters written by different writers.

In the probosed recogni’tion scheme, a four stage recognition ﬁxethod, based on a

: syntactic ap.proach, is ;dopted. A j}block diagram of this seheme is shown in Figure 3.4.
The input data are segme’nt.s‘ and the total number is st,ati/c. A character is.entered into
the recognition process by a sequence of X-Y co-ordinates, that is the two end point
positions of the segments. This sequence is classified into the four segment-types

\ . L 24
described in Section 3.4.2 using the regional classification method.

In the second stage, the segment sequence is first sorted by segment-type order,
_)then accordlng to the posmon of the segments within the same group. This rting
o,perauon is used to mamtam coEslstency in the- composmon process. That\is, the

- appropriate be composed into the samre stroke-types regardless of the

sequence. The segments are then converte

into strokes. With reference to a

-

pfiori knowledge stored in the recognition dictionary, th;p/rocess is independent of the
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users' knowledge about the strokes. Hence, the desired stroke number vn%nion and
-~ , o N
stroke order variation are achieved. The user only needs to ,!t/ite/dnm\the characters,

w

with or without intimate knowledge of the formating strokes.

\

= Once the strokes of .an input character are determinfd, a séqu?nce of them is
/ sought in thc recognition dictionary for ndicals. A digital aearch tree atrt}ﬂre is
)Qmployed in the dnctnonm The composing sequence is the umhlng path of the t\ree

: By matchmg the p'oslt.lonal relationship of successive strokes, they can be grouped lnto
radicals. Ambiguity arises (and is nnavoudabl() when there is more than one radical
made 'up of the same sequence, with identical positional relationships, of successive
strokes. A difference in positional relationship between a pair of strokes within },he two
ambiguous radicals is used as the branching conditiogp when searching the tree for the

target radical; hence, the ambiguity is resolved. . -
. ) + :

ln the final- stage,ethe input character is classified. The process is similar to the
radical composition. A digital search tree is employedpnd the relative pOSItIJES/Of the
successive radicals are used as the branching conditions in searching the tree to deter-
miné the input character.

1

3.4.2. Segment Classification

L 4

A Chinese character can be viewed as a two dimensional arrangement of strokes.

In modern writing, a stroke ca;x be de.conlposed"lnto one or moré segments; they are

Korizontal, _vgrfical, diagonal or an'ti‘-diagonal (shown in Figure 3.6). The writing
- .

direction of the strokes is not used in the proposed recognition scheme, to relax the

restriction on proper stroking direction of ‘Chinese cha’ract;ers. Hence, non-\Cﬂnese

i

writers can also use the system by viewing the characters as a two dimensional

. ]
arrangement of lines.
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Figure 3.7 Regioh%,Msﬁcation;of segments
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The charac er
8 ‘
segments and twg,vertlcal segments regardless of the wrmng sequenees To determme

Flgurgf .5, can be decomposed lnt,o three horlzontalyi

~ the type of t,,he segments, the regional determmatlon method is’employed. Given the

two end pomt. posmons Pl and P,, of a segment to determme the aegment typc ‘the
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:‘“'\I'é‘ou@wing ktesk‘gt;atements are used: (with the poiﬁt P, a;, the éeni,er, see Figure 3.7)
° lf(PI.’P,_, :t' 8) then segm__e"nt..t'ype - YERTPCAL /* segmen't is tioo:ahort s/ "
e else if P, € (region A or E) tﬁen segmﬂen‘t,_‘t.yp'e = VERTICAL

® .else ifnPQ E (fegio’n Bor F) then segmeng_}ypé - ANTI-DIAGONALV

. else lf P, € (reg:on Cor G) then sggment, _type = HORIZONTAL

4

e elseif P2 € (reglon D or H) then segment._type - DIAGONAL

‘When wrlt,mg a vertical or horlzontal segment thc variation of angle mcnsured

L3

from the. ax)s (vertlcal or horizontal) is expected to be smaller than the angle variation
from the wrmng of a,dlagonal/antl-dlagonal segment. Thereforq, instead of dividing

N ' ’ v ’ ‘ > 4:;" ‘ N ! i
“into equal reg‘ﬂ'n"s,' the Verti,ca,l".t and horizontal segment regions are set to 30° sectors,

-

) 4. b . N ‘. . . B 1 . . - r P s
and the'diagonal and anti-diagonal segment regions are set to 80° sectors.

3.4.3. Stroke Co'@positibn'

‘ Oﬁce'» the .segments are cla.ssioﬁred,k -;\he__/ﬂroka compoaition proces's is started. The
‘fpnction‘ of the process is to Acompos;e the segments into basic.‘strokes accoi'c.lin’g'tbo a
‘priori knowledge abouf the strokes stored in phe rec:)‘gni'tion dicti§nafy, A'{'digii'al ,
search tree (trie) structure is cmpl-oy't_:d.;ivaxi example of the basic st.roi(és is shown in'
Figure 38 and the tree for these strok_e:_; is shown in Figure 3.9. | .

The first s‘tep of the process is to = +i¢ rm the soriing ’opérati‘on. .The_"_segt'nents‘
are Sorpgd into ségm.ent-rtyvpe otrde.r, and into an order -basedbo‘nk the starting .;iosvit'it)n“of
the segments .witv.-!}in the same segmélié-type. The Qtarti,ng positioﬁéof t.ixe vcrti_;al,
ahti-diagon'al and diagonal seg-;llénts are from t‘pp to boztom while t,‘hel.hori'z‘ontal segj' '

ment is from left to nght After.the softing operauon the conversion is begun The

composing seqnence is the s mg path of the dngltal search tree '

v
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Figure 3.8 Some examples of basic strokes
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Figure 3.9 The digital search tree for stroke co.mp‘ositi'on

. o

To explain the convgrsion process, wwl describe how to search the tree (Figure.

3.9). .S‘uppbse we are given the stroke "S8" as thi?“vobject of the search; see Figure 3.8.

* We consider each of the segments Korszontal, vertical, diagonal in turn, starting at the

first level of the tree and proceeding as follows.
. S . ! * €

g_oi-ng down one "l,'evel to node-"NIO ; at this node the segment is set to stroke-type 'S1’

Follow the node labeled ’le and

then follow the node- N11%. At this node, a vertical. segment wnth t.he end point con-.

b .

T nected to the startmg point of the stroke is searched from the vemcal-segment list and

s

)
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‘not found. We then procced to node-'N12'. Again the search is repeated,x\n‘d this time
we found the required segment, the process is advanced to node-'N15'. The stroke is

set to 'S4’ and branched to node-'N16’; at this node, the search is again repeaied and .
e ) -

3 \
looking for the diagonal segment with the end point connected to the en'd_point.“of, the

-

stroke.'Since‘we found the segment the search therefore goes down a level to node-

"~ 'N18’. The process is continuous and finally terminated with the segments grouped

» -— o |
into stroke type 'S8’. ‘ S :

.

. 7/

It is important' to notiqe‘tha‘t theicomposition oxﬂy depeeds onthe shape of the
strokes anci th'e segments \v'vill be grouped into the convlpou"nd: strokes:made up of inéx-“
lmum segments. For example, the stroke "S8" could be grouped iito two stroke types,
"S3"+"58" or "Sl +"S7". To reduce the poss|ble multiple composmon seguences the
resultmg stroke will always be "88", instead of the above mentioned stroke comblna-

L)
tions.

The result of the stroke composmon process is a set of 'e-t.ypes and each
stroke-type contains the following mformat.lon %l) the stroke-code (2) the starting
and endlng points of the stroke; and’ ﬁnally, (3) the bottom left. and the top right

)
corner positions (the maximum boundaries) of the stroke.

Y
v

3.4.4. Radical Composition and Character Classification -

A radical is made up of one or more strokes. Figure 3.lb shows some of the basic
‘radicals. The method for the radlcal composmon is similar to the stroke composmon
The posmonal relauonshlp between successive strokes is computed by the posmonal
relation cla.sslﬁcauon process; the star mg .and endmg posmons of the strokes are
used as the reference poxnts when. compu g t.he re!atxonshlps. This sequence of rela
tlonshlps is stored in the dlctlonary and used‘as, the branching conditions during the
‘conv'ersion' precess. Some of the positio‘nz@l relationships between stj'ol;es and radicale

are _gl_x_oﬁn m Figure 3.11.

T
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Figure 3.11 Some positional relationships of strokes and radicals

¥

“%y  Ambiguity arises when more than one radical composed by the same sequence

- with identical positional relationship of successive strokes. To resolve the ambiguities,

Aing when searching the tree, is resolved by the relationship

between two different strokes which gives a difference between the two ambiguous rad-

B . . { v
icals. An assumptipn is made in the ambiguity resolution process; a difference in posi-

»

tional relationship, computed by the proposed relation classification method, existed

.. between at least a™pajr of strokes within any two ambiguous radicals. ‘The above



assumption is valid for most, il not all, ambiguous characters. -

The result of the radical composition process is a set of radical-types and each
radical-typé contains the following information: (1) the radical-code, (2) the bottom

left and the 'tob right corner positions (the maximum boundaries) of the radical.

A Chinese character is made up of one or more‘ljadica'lp. The “character

+

classiﬁcation"‘process is similar to the fadical composition process. A digital search
tree is employed, |n whlch the branchlng conditions are the posmonal relatlonshlp

between successwe radxcals For relationship between radicals, the maximum boun-
i

- daries, that is the bottom left and .the top xjnght, corner posmons of the radicals. are
used as the reference points. A simple but effective method is devised for the "posi- |
tional relation classification™ for both strokes and radicals. This method .is described in

o

the section that follows.
3.4.4.1.' Positional Rclation Classification Scheme

‘ 7 ,
The features (co%necnve relationships and relatlve locatlon of strokes) are lmpor-
tant information needed to identify a radlcal or a character In this sectlon, a
claSs:ﬁcat:on scheme based on the above features is prescnted. For the sake of extract-
ing sdfﬁciep}. fnformatioﬁ but avoiding excessive fo‘mputation, the,pos'itio"nal relation-
ships are c"las'siﬁed int%_c')‘eight relation. types shown in Figure 3.12. qTo. explain thé

[

“scheme, we will describg how to perform the classification process.

INPUT:

two units U, and U,; each unit has the following information, where i € { 1,2 }.
o T.': -~
represents the type of the unit, either stroke or radical; -

,.‘7’.‘11

is the starting point of the stroke, or the bottom left corner position of the -



radical.
g Pl2 \
' ls the ending point of the stroke, or t,he t,op nght cornerlﬁosmon of the radi-
‘ . .
" cal.
)
, XorY axis -
Qi . Qa2
CASE_1: @, Qa2 . e
CASE_2r @y @,
CASE_3: @y @a..4 .
. .\ -~
CASE_4: @, Qu
CASES: 1.9 Q)
@ CASES: e Q@
CASE_T: & " Qu
CASE_8: A - _ Q2 sz

N.B. The POINT can be in anywhere along the dotted lme
Qi = Qip, wherei€{1,2}.

For the X projection: For the Y projection:

Q;; = min (P;(x), Pp(x)) * @;, = min (Pi(y), Pily))
Qi; = max (Pyy(x), Po(x)) @, = max (P.-n(s"r) Piy))

Flgure 3. 12 The elght types of posmonal relationships A oo

To compute the positional Yelationship between these two units (strokes or radicals),

.~

we perférm the following steps:



o Step one: . ) . o { .

‘compute the relationship between U, and U, in the X-projection dimension. That
is, the values P,-,(X) are used as the reference points in computing the relation-

ship, wherei,j € {1,2}.

® Step two:
compute the relationship between U, and U, in the Y-projection dimension. That
. it v -

is, the values P;(Y) are used as the reference points in computing the relation-

. ship. ‘.,. ' : \
® Step three: '

-

* " if (either T., or T,)is NOT a radical-type ‘ o

then RETURN the relationships computed in ste\im one and two. :

\
@ Step four: l ‘ :

- compute the radical relationship (see Figure 3.11 for radical relationships) using

.

the results of stéps one and two and RETURN ihefelatignship.

# ‘ , .
In step one or two, the relatjonship is computed by the following pseudo C function

code:

comgute_relation( @11y Qi2r Q21 @22) ’
int @y, @120 D21, 295

{ .
T (@< @)
. then return( CASE_1 );
elseif ( Q= @y, )
- then return{ CASE_2 ); '
elseif (( Qa1 < Q11 ) &&( Q5 Q12))
then return( CASE_3 );’
elseif (( Q@ < @) &&( Q2 > @y ) )
then return( CASE_4);
- else lf( 9225 le ) ) . R
. \_ then return( CASE.5):; '
elseif ( @2y < Q42)
* then return( CASE_8 ); -
celseif (@™ Q5 )
then return( CASE_7 ); '
return{ CASE_8 ); /* ( @ > sz) /
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" The overall possible combined relation types between any pair of strokes is sixty-four.

That is, the eight primary relation types in the X-projection dimension times the eight
?

primary relation types in the Y-projection dimension. In step four, the radical-relation;

is computed by the following p‘seudo C function code: {‘&fp .

radical_relation( R, Ry)
int R;, R,;
/* R, is the RELATION computed in step one;
R, is the RELATION computed in step two. */

int Left_Right_Relation, Below_Above_Relatnon In Out,_Relatnon,
RELATION
« [* compute the Left_Right relation */
if (( Ry=CASE_1') |( Ry=CASE_2))
“then Left_Mght_Relation = LEFT_RELATION,;
else if ( Ry= CASE_T ))|( R,= CASE_8) )
then Left_Right_Relation = RIGHT_RELATION; 2«,\,,,/ )
else Left_Right_Relation = MID_RELATION i
/* comput,e the Below_Above relation */ \‘ : i\
" then Below_Above_Relat.lon - BELOW_RELATION
elseif ( R,= CASE_7)||( R,=CASE_8))
then BELOW_ABOVE_Relation = ABOVE_RELATION!
else BELOW_ABOVE_Relation = MID_RELATION;
/* compute the Inside_Outside relation */
if ((Ry™CASE_5)&& ( R,=CASE_5))
. then In_Out_Relation = IN_RELATION;
o) elseif (( Ry=CASE_4)&& ( R,= CASE_4 ))
then In_Out_Relation = OUT_RELATION; .
élse In_Out_Relation = MID_RELATION;
/* combining-the ‘_Relatlona\tosether */
RELATION = Left._nght_Relatlon +
10 * Below_Above_Relation + - °
100 * In_Out_Relation;
} return( RELATION ); ‘
14

For relauonshxps between palrs of radncals, the pnmary possible relauon types are
reduced to three, the left of (rlght of), the above (below), and the msnde (outsnde) rela-

tlon types. The overall possible combined relatxon types between radlcals is eleven.
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e |
This reduction (in the overall possible combined relation types for radicals) increases

. L o o
the allowable variation in the writing of the characters. ' .

‘ »

3.4.4.2. Ambiguity Resolution ) ,

Problems arise because of the limited infdrmation used in the basic recognition

scheme.

(1) In the basic recognition scheme; the positional relationships of successive strokes
are used to identify radicals. It is possible that more than one radical is made up
of the same sequence with identical positional relationships of successive strokes.

Hence, ap ambiguity can arise.

‘

(2) The radicals/characters, shown in Table 1.8 example (i),fre not distinguishable
--bwing to the. lack of relationship between X and Y dimensions. The posit:ionnl
relationship bet,ween every palr of strokes for these two radlcals is the same. The

only radicals found in thns category (so far) are the above'tﬁentloned examples.

N N

These counter arguments may requlre changing the basic recognition scheme. How-
ever, the ch\ange is not necessary because the expected total numbcr of the ambiguous

" radicals is small and the problems ca.n i therefore be'solved effectively by using n,rcaolu- v
’t:on table. For problem (1), the relatlonshlp between another pair of strokes that pro-
| vide a positivg ideﬁtiﬁcatﬁion, is used as the (downward) branching condition. For prob-

lem (2), a routine could l‘\x‘e added to examine the relationships between the \X and ¥
dimensions of As.u‘-'okes witﬂin the radicals/characters that are not uniquely determined
by the positional relationships. To avoid ég(cessive computation, the ratio between the
de Y dimensions of the ﬁh\al radical is computed. That is, the ratio between (P,,(X)
= Py(X)) and (P;Q(Y) - P;;(Y)) is used to dete_rmine }he correct radical. The ratio is-

classified into the following three types:”e.qual_r,o_pne,' greater_than_pne and

less_than_oxe, and it is used as the branching condition.



3.5. The Logical Chinese Terminal and the Pattern Editor

‘This section déscribes the functions and.design principles of the Logical Chinese
Terminal (LCT) and theé Pattern Editor. The LCT is designed to in"piut and output
Chinese‘characters as well as c'onventional characters; its primafy’fﬁx;;tion is to serve
as an interface between users and the UNIX system. The wordl "logical” is used here to
emphasize that the LCT is a’ logicval terminal, that is, it is not a physical Chinese ter-

| “minal. The pattérn editor is designed to allow users to create the display patterns of

Chinese characters. It is also used to gengrate\automatically the recognition schemes of

the designated characters. | . B

‘ “y
A graphical interactive approach to the design gf both components has been

adopted. When the user interface modules of both components are designed, emphasis

is put on the design principles described in Chapter Six of the book entitleg~"Funda-

mentals of Interactive Computer Graphics” by Foley and Va:_x Dam [FoD83].

)

- (1) Give feedback to users’ input 4 ' X

Feedback is an essential ingredient in human-computer interface. With feedback,
the user knows what he/she (or the system) is currently doing, hence avoiding

cogfua'ion. '

(2) Help users to learn the system

This will increase ‘the productivity since the user would then know how to act

P,
4 N

correctly with minimal effort.

(3) Accommodate errors
éveryoqe makes mistakes when working with compﬁt.ers, therefore the system has
tc; allow fqr correcting mistakes whg_}lever possible; thus not mal;ing things pro-
gres nTe-ly ﬁor’se. | | \ | .

. (4) Design for consistency

-

Consistency eases the userin learning the system, and also eases implementation



in most cases.
e +
(5) Structure the display

‘Structuring the display allows the-user to locate relevant information and easily

!

understand the types of-information that are presented.

(8) Minimize memorkati '

This principle releases the useg from thinking heavily about how to use the sys-
: a :

tem; hence the user can concentrate on the actual work,

3.5.1. Designing the LCT 4 . g

As a logical 1/O devi;:e, the LCT prqvides basic functions sucl; as cursor move-
ment control and screen control functions. The cursor movgﬁ:cﬁt control functions,
besides the backspace, carriaée return and lineffeed' function‘s, include absolute posi-
tioning of the cursor and screen oriented (visual) display editing. The screen control
functions include a command to allow‘ the change of screen mode. Three screen modes,
‘the sc;ol‘l mode, the fﬁll page mode and the half page mode are provided. Page moé_cs
areA‘provided because scrolling cannot be implemented efficiently in thhc' selected
hardware and software facilities (Jupiter and WINDLIB). The clear screen command

and the local echo on/off command are also included in the screen control functions.

To increase the chance of ’sex»'ving a lafger user population, two input methods,
the Tl;ree Corner Coding Methc;d (TCCM) and an on-line hand-wiitten recognition
method are currently used. Two ad»l ntages of' the TCCM input method are its syn-
tactic sinipiicity and its excellent syzzem;tic coding method. Furthermore, it is easy
to imi)lefnent. Howevgr, like other encoding method;, it requires ;ﬁbstantial (amount
of) memorization; Use;s have to memorize the codes corresponding to the symbols in

the fundamental chart. This .me‘tvhod‘ is aimed only at professional (frequent) users; '

£l

&

‘wiile the recognition method is aimed at novice users. The reason for choosing the
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by novice users, but also because it, requires no special memorization. In principle,
) O

2
users need only draw (write) the characters at an input tablet, with or without know-

a

ing the meaning of the formating strokes and/or radicals of the characters.

" The LCT allows application programs to use its interaction techniques. Two

functions are currently provided. The first function allows application programs to
/ M .
define commands. The second function allows them to display help/error messages.

The techniques for selecting those comhmnds and for displaying those messages are
governed by the LCT. The basic idea is to let the LCT handle the interaction. By tak-

ing this approagh it is feasible to unify the management and maintenance of user inter-
. , \ s

faces that are transparent to application programs. ;

< | pattern
retriever | . L

input

devices Interface UNIX SYSTEM
USER - > '

. - Module (sh process)
display

unit

input
decoder

Figure 3.13 The block diagram ofﬁLCT

A block diagram of the LCT is illustratéd ‘in Figure 3.13. The LCT is logically
divided into modules, the user interface module,'the snput decoder module and the -
pattern retricver module. Each module corresponds to a specific subset of the required
functions. By dividing the component into functional modules, the implementation '

phase can be carri¢d out in a stepwise manner by establishing milestones during the
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cases the maintenance of the component. Moreover, since all device dependencies are
limited to the interface module, the other modules can be used in other applications

- without modification. For example, the pattern retriever can be used in Chinese text

»

formating applications.

. . »
To round up this gection and to provide an overview of the LCT, a summary of
its general operations is presented as follows. The interface module controls the

commands/data flow between the u an application program and the functional

modules. It performs functions s nverting raw input data into the required

-

form and performing the dialo l. The pattern retriever functionally

corresponds to the display module&desc‘ ed in Section 3.3. It receivez a Chinese-godc
from the interface module and returns the vcorresponding'pattern. The input decoder is
used to tlraﬁslate the TCCM codes into the. corresponding Chinese-codes. It also per-
forms the recognition process of Chinese charactefs that was ﬁrese,nted in .the previous

.section. :
-

3.5.2. Designing the Pattern Editor

M W74

updating

- * input ,routines
devices Interface v
USER _

. -
display Module
unit -

Figure 3.14 The block diagram of the editor

pattern
dictionary

-

retrieval
routines

ecognitio
dictionary

Figure 3.14 shows a block diagram of the pattern editor. A graphical interactive.
approach to the design of the editor has been adopted. This editor allows users to

define the display patterns (ptrqiés, radicals and characters) and to generate the
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Both the pattcm and rccogmtton dlctwnanes are based on tlte hlerarchlcal struc-

~ et

-

ture of the characters.” When a dlsplay pattern is defined, it can be elther a stroke,

radlcal ora character Thls pattern is used as the reference pattern in the process of

1

" generating the recogn1t|6n scheme. However, the order of creation for the sets of :
! . . o4
T, K . ! G Lo ‘
- strokes, radicals and charact@m not fixed. Allowing users to define the patterhs |
(strokes, radicals and characters) in any order introduces a serious problem in the ord-

ering of the recognition schemes. Th‘e.problem could cause ‘the fai’lure to recognize

by
1

some of the radicals/characters This can be |llustrated where some of the radicals that

*

‘contain the stroke type "sg" (see Figure 38) are created before the creation of the

'.stroke "S8". This will cause the composition of those radicals to be tvith the stroke
’ ’

typee ”S3" and* S5 The stroke types sent to the @lcal compesition process will no

' longer’be "S3" and "S5" after the creation of stroke "S8", hence those radicals will not
:be recognized.

t

To ensure consiStency and integ.'rity atnbng‘data, it is necessary to perform check-

ing on all radlcals and characters when a new pattern is deﬁned However, ,we oné' per-
/. A ¥

form such checklng after each updatlng se,ssnon or upon the user’s request for perfor-
. N ¥ w
‘mance considerations. A pseudo C code of the function thal performs the checklng and

“’correctlon operatlons is shown below.‘
. . v

. .checkmg() S _."q'f '
N { -

: o PATTERN_PTR radlcal_pattern, char_pat%
Yo ) inti, R;, C;; | . .
T char modlﬁed - FALSE

/* checkmg the Fadicals */ N
for(i=1;R; # LAST_RADICAL i+ 1

A ) /‘ get'the pattern from the pattern dlctlonary o
' - radical_pattern = get_pattern( R;); @ R
/* if we cannot recognize the, R, = W o
P , a then perform the correction */
. if( R, # rad_recogmze( radlcal_pattern ) )

4

add_radlcal( radical_pattern J;

-
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“modified = TRUE;
}. /

/* checking the char@cters '
if ( modified ) forfi = 1; C; # LAST CHARACTER i++)

. o
= - char_pattern = get_pattern( C; ); | St
if ( C; # char_recognize( char_pattern )).
add_character(@ar_pattern |H )
o } ) . . ‘ . B ’A

}

To define the display pattern\‘{f a character, the user must spe'cify the compoﬂent'

radicals. To reléase users from the heavy burden of detailed specification of the inter- ",

! =T ' . . “le T ~ .
- nal radital-codes, an on-line hand-vwntten charactel{' recognnlon technique for selecung

i

the desired radlcals is employed. The user posmons the desnrcd radlcal by speclfymg
the opposing corners of its boundary rectangle. He/she may t,hen select the radical by

drawnng (wntmg) its As a result,;the internal codes are transparent to users. A menu is

used to displ.ayf'the available strokes because there is only a limited number of possible

| stqués (less than 30).




Chapter 4

The Im‘ﬁlementation

.-4 1 Implementatlon Envnronment SR " ' \ .
The CCSS is lmplemented oh a VAX 11/?-80 machme running the UNIX operatlng
system (4 2 BSD) and is written in the "C" programmlng language Both components
the Logtcal Chinese Termmal and the Pattern Edstor, need a graphics terminal for
dlsplay, a keyboard and a tablet for |nput To ease the overall lmplementatlon, the

| supportlng packages, WINDLIB ard FDB, are used extenslvely

WIN}DLIB is an eyent driven wmdpw based device-independent graphics package.ﬂ
A 'uindeﬁﬁ in WINDLIB defines an ahstract col-hrdinate space and a set of attributes.
These a;t,tnihutes'determine how" and vhhere the picture (data) is ~displayed. An event
handler can be associateu with each wi‘ndow anab is used to handle the-interactien with

) O i "" c. i 3 . ) R 3 ‘I . . ' ‘ :
“the user and controls’ all”the”’operatlons Wlthln that window. This baslc‘wmdow ‘

management idea behind WXNDLIB provxde'§ a powerful tool for desxgnmg a good user. \

interface. The detaile ‘description of WINDLIB can be found in [GrBS4]
&

\FDB is a Fra ‘e Based database, orientéd towards scientific- and engineering

+

appllcatlons Its/structure is sumlar to a pomter typé data structure In FDB the enti-

ties are stored in frameg and a frame‘rs a collectxon of slots Each'slot has a name and
X L I o :
a value. The value of a slot can’be the name of another frame (slot becomes a pointer)

or a pnmltnve value such as an mteger, a ro%L number, a string or a c" data structure:
Qr .

The data str\xct ﬁhat has been deslgnated for the pattern dlctlonary and the charac- |

. tex recognmon dn&"onary can be used within FDB wlthout modlﬁcatlon The detalleg

e descrlptléh of FDB can be found in [Gres82).

~ - o P
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4.2.1. The Pattern Retnevérwﬁ lﬂ g

o

4.2. I:mple'mentation of the LCT

v

The LCT is di\ride:i‘ into three modules as described }n the last chnpter Each
module. corresponds to a specnﬁc subset of the requlred functlons The implementation
of these modules is presented ln the following three sectlons

: /{ (

The function of this modugfs to retneve the dlsplay patterns of Chmese charac-
oo

ters from t,he pattern dlctlonary by gmng their mternal todes The current version

performs only the standard transformatlons that i ls, to generate the ‘tormal pntte’rns

Standard l/O channels are used The module receives a Chinese-code from the input .

?jw‘

channel and outputs the correspond}ng patt.ern to its output channel. Figure 4.1 shows_

the structure of the output data.

output pattern (n segments)

- o =

NESER ............ Su—i] S,

"

S,, the kA segment of the output pattern o .
A segment (9 bytes)

bll bl2 b2l b22 vb3l 632 bﬂ 64" T

- where; . b; €{0.9} L o
Co bube = P starting position of the output segment
byybyy = Py(y) 1 g posi mn}vo he outpu segment
_631b32 = Pyx)
,541542 Py(y)
for intermediate segments T=
for the final segment: T = '’

P, = ending position of the output segment

’c, .

Figure 4.1 The structure tfhmtput patterns

Whenever an error is encountered durlng the retrieval process, the process w1|l be

stopped A croas (the outpm data are: 00006464 ;00646400.) is sent as t,he output pat-

S



tern to indicate that an error occurred.

4.2.1.1. Data Structure of the Pattern Dictionary ‘
“»'\\The 'pattern’ dictionary is‘implemented using the FDB. Thewbasic organization of
. the digtiqnﬁry, is divided into three separate aatabaées, the stroke, radical and characs

" ter databases. Figure 4.2(a,b,c) show the organization of these databases reébéctively. :

0

‘table frame data frame data fn'sme‘ . data frame
"Sa” » startx : startx . startx
"Sb" 3 ¢ starty’ R starty ‘
: B endx endx \
- endy endy
— nexy | . mext
"Sn” o
" (a): The orga‘nizmiop"of the stroke database '
, . | ik | ' —
table frn'm? " _ data.fra‘ée:‘: data frame - : datafﬁ\e
"Ra” ‘ »{"object_name"} ["object_name” B "dbject._nam\‘"
"RS" | startx, startx ' startx
i starty starty e starty %

‘ i endx endx & endx o
B —a endy. : - endy endy - ﬁ?
“Rn" - next . next  feeoeeens (null) ,

(b): The organization of the i'adiqal database
table frame ' dataframe ' data frame " data frame
"Ca” radical_name'] radical_name 'radical_na.’me"
. “Cb" — startx startx startx
' —a starty starty starty
? endx - endx endx )
: — endy endy " endy
“Cn" e next _ next - " feeeeeones Y (null)
(e): The 1organization of the character database
. , Figure 4.2 Organization of the pattern dic't'ionary

Ty . v

+  The names of the slots in the table frames are the names of objects (stroke, radi.: )

.l

cal or charaéter objects). The slots themselves store the names of the ‘corresponding
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frames, that is, these slots are pointers. Each data frame represents an element of an,

BEa

object. It stores the relevant information such as themame of the correspondmg object

'( "object_name" / radlcal_.uame slot) and its boundary posntlons (startx, starty, endx

and endy slots). The elements,of an pbject are hnked toget_her by the "next” slot field.

In the case of the stroke database, the startx,'starty, endx and.endy slots store the

actual starting and ending positions of the corresponding segment. '

L ~ ;-
J

© 4.2.2. The Input Decoder Module

19
§

(1)

(2)

W,V;_,, _A,,,(3,):,,,
s CHINESE and lnput__method is RECOGNITION The character recogmtlon ,

This module is responsible for. the following functions:
It performs the by-pass ,o'perati'on on input data when the character;_mode is

3

ENGLISH. All data are s\ent to thie_ module for the data e'ynchronization purpose.

It converts every six successive digits ('SCCM code) into the corresponding

Chinese-code when the character_mode is CHINESE and input_method is TCCM.

All other characters are by-passgd A table look-up‘method. is employed in the

conversmhi.process Thls table is implemented using the FDB and is created by

the pattern ed\tor during the font editing process

=

It*fperf ormsf—h and-written Chinese ch aracter‘-recogmtion' W hen*the : character_mode

scheme described in the Iast chapter (Sectlon 3.4)is lmplemented

Standard l/O‘ c'hannels ‘are used for input and output data. A special Chinese-codé

(81C0C0C0,) is designated to be an error code. Whenever a failure occurs, either.in,

the conversion process or in the recognition process, this special code is sent (as an

error indicator) instead of th.ejnternal code of the input character.

kY
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4.2.2.1. Data Structure of the Recognition Dictionary

v

The recognition dictionary is also implemented using the FDB. The basic organi-l

zation of the dlctlonary ls divided into three separate databases, the stroke radical

‘and charaéter dat,abases The data structures of these databases are all based on the

hS

structure of a digit search tree. Figure 4.3 shows the basic organization of these data-

'

(i): stroke

(ii): radical

[N

bases.
4 * digital search tree structure 4
table frame :
’lxa"
nan . .
- L g
: "
1
'
”" " . '
Xn N
'
o
'
'
t
'
o '
. - \ [0 :is a dataframe
. b mes e rccccmr e e e e ——— - 4
(a): Basic structure
"stroke_name" "radicel_name' "char_name"
- left_ptr left_p.crv left_ptr
down_ptr down_ptr down_ptr
P'with_segment "with_obj" "with_obj"
connectype connectype co;mect.ype '
condition x_yratio
" stroke_num

y2s '

(iii): character
(b): data frame structure |
Figure 4.3 Qfganizatio"n of the recognition dictionary

L

Similar to the pattern dictionary, the names of the slots in the table frames are
the names of objects (stroke, radical or character objects). The slots themselves store -

the names of /the corresponding frames. These tables provide a direct access to all
v : g
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terminate data frames. A data frame of each of the databases contéins the relevant
inforx;:ation shvéwn in Figure 4.3(b). The connectyﬁé slot: stores thg connection type of
the éurrent battern with the next 6bject. The name of the next object is stored in the -
"with_segment"["with_;)bj" slot. The character cpmpositjon, besides matching the
. : .
next object ("with_x;bj") and the conneCtype,_ also matches the ratio between the
length in X and Y boundaries of the next radical stored in the xquz;tio slot. When a

data frame is a terminate frame, the "stroke_name”, “radical_name” and "char_pame"

slots of the stroke, radical and character databases, store the name of the corfespond-

a

ing stroke, radical and character respectively. The condition slot in a data frame of the
radical database stores the ambiguity information of the correspondin'g radical. It is

- used to indicate whether the ambiguity resolution is needed or not.

ambiguity table amb_data frame  amb_data frame . amb_data frame

"Ra”" > next > next . feeeeeeen {null)
“"Rb" . first 4. .‘ e first A frst
—— Setopd‘,L 1 secand second
bt coh:ectype connectype connectype
. frame_id frame_id frame_id
"Rn" - l ' l
(data frafne) (data frame) (data frame) .

Figure 4.4 Data structure of the ambiguity resolution data

Figure 4.4 shows the data structure of the ambiguity resolution data, it is stored

in the rad:ical‘ database. The ambiguity table frame contains all the entrances of the
= Ambigt;iiy radical’lists. E'ach‘of tﬁe anib_dapa. frames stores the re@ﬂion' iﬁfortl;ation.
The connectype_siot stores the relation of the pair of strokes that proﬁdes a positive
ident’iﬁcat‘i.on of the radicals. The sequence numbers of these strokes are stored in the

first and second slots. The frame_jd oslot points to the data frame that contains the"

corresponding radical information.
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4.2.3. The Interface Mc;dule

The interface module is implemented based on the basic structure of WINDLlB.
The screen is divided into.‘windo'Ws, Figure 4.5 shows the layout of the screen. An
event handler is ass;ciated with- each of the windows. Tl;ese handlers deal with user‘v

[}

interactiofis.

cancel| enter

data-input

window ( help/error _messagés window )

‘ : - >>OFF<<

( work-space window ) : .| >>ENGuUsH<<
20 rows X 25 columns ’ INPUT_MODE
\ o ) >>TOM< <
REDRAW

>>FULL_PAGE<<|’

E

Figure 4.5 The screen layout of the LCT
\ v 4

o«

All the menu items, including ‘t.,he menu items defined by an application program,
are linked t(;géther and éﬁs‘played in the menu window. Whenever a menu item is
selecte’d; an appropriate action (function) will’ be executed. The NEXT MENU and
.PREVIOUS MENU commands are provided for displaying the next and previous set of
menu items respectively. - These two menu items and the EXIT menu item (t‘,hepom-
" mand to 'quit. the LCT program) are dispiayéd permanently. Two special commands,
the ca'hpel Sxiduxe eﬁter'commands, are associated with the data-input window. The

-
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’
cancel command is for deleting the current editing (writing) of a Chinese character and

the enter command is used tojindicate the completion of writing a Chinese character.

The data-inpyt window is for inputing data. Its handler performs the inputing.

(writing) of Chinese characters, TCCM codes and conventional characters. All charac-
*

ters typed within other windows are passed on to this handler as though they were

typed within the data—iqput. window. [nputing data, writing of a character or inputing
‘a TCCM codg,;fl/is'echbed and displayed in the data-inpuvt window to provide an

‘immediate fee(}back. o :
P _ .

The vior\le:spacqf window is the logical screen. It is sub-divided into tweniy (rows)

by twenty-.ﬁveh(co‘luxﬁns) cells. Each cell holds (displays) a Chinese character or t,wo'

ASCII chatacters. These cells are implé,méhted‘using a two din;énsiional array of
records. The structure of a cell is shown in Figure 4.8. To decrease the re-display
timc{, each of the Chingse character patterns is stored in a simple linked list. The

pattern-ptr of a cell record points to thg head of the corrésponding pattern. |

. a cell .
pattern_ptri— startx , startx
‘ starty ’ starty starty
. buffer endx - endx - endx
(4 bytes) , endy " endy endy
. next |- S 13 £ 2 R (null)

-—— >

the pattern information . LT

~patter;1_ptr: points to null when the cell holds ASCII character(s) f\%
. g L

Figure 4.6 A cell structure of the logical screen
, ‘ ’ .

: Th\e help/lerror nicssag"es window is used to display the’ help"and error messages.
"Help™ commands on all menu items are provided. A help message contains a brief
de_scri‘ption of the correspdnfliﬁg menu itcm‘. When the menu i?em is selected and thé
"HELP" is turned ON, the cor;res‘pondiné help message will be displayed in the

i

help/error messages window.
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‘

Basically, the current version of the interface module is responsible for the follow-

ing activities. o

(1) Controls all commands/data flow between the various modules.

(2) Converts user interactions into input data'of other modules.

-
-

[ ’ . .
(3) Executes commands sent from an application program. (A set of functions, for
communication between an application program and the LCT, is written and is

presented in Appendix A4.)
(4) Data display (screen) management. , \

(5) Provides various kinds of feedbacks and a help Tasility.

4.3. Implementation of the Pattern Editor
. A | - .
The pattern editor is also implemented bas;d on the basic structure of WINDLIB.
The editor provides an interactive environment allowmg users to create the dlsplay
patterns which include stroke radical and character patterns. The second function of

. this editor is to generate the recognition sche(nes of those patterns. The editing

environment is best illustrated by the screen layout of the editor itself.

An important consideration in tne implementation of this nditor is the use of the
screen that is the layout of the various windows. Figure 4.7 shows the screen layout of
the editor. An event handler‘is associated with eacix of the windows. These hand?ers
deal with the user interactions such as selecting commands and execute appropriate
functions llke retrieving a pattern.from the pattern dictionary or updatmg (storing a

n&v pattern) the pattern and the recognition dictionaries.



STROKE LIST:
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. ! / : N
=LINZN LY | e
‘ ’ NEW CHAR
DESIGN PANEL PANEL MENU IMAGE ‘
CANCEL DESIGN ' .
i “SAVE DESIGN { NEWRADICAL |
REDRAW :
) ooPY . "' NEWSTROKE
64X 64 grid - MOE :
, : ~ e TCCM CODE MODIFY CHAR
) ’ ! ADD RADICAL 3
o ' | "apo sTROKE E—___: v
: BT || STROKE NUMBER | VOOFYRADICAL
» ] r ] MODIFY STROKE

help/error messages window

’

-~

Figure 4.7 The screen laybut of the editor

To release users from thinking too deeply about how to usé Lh‘is editor, all com-
mands are displayed as menu items aqd the stat.i;)nary menus are uséd as the mc}nul
type. Thle commands are grouped into "MAIN MENU" and "PANEL MEN'U" as shown
in the Figure 4.7. Adl selected menu items are highlighted. The STROKE LIST windo;v
displays all the currently available‘ stroke t;ypes. The DESIGN PANEL is a work area
for designing the display (stroke, rad‘i_cal ﬁnd c'hara;:_t;:r) patterns. A grid is provided in
this window. The purpose is to ease the process of positioning segm?nts. Belowi the

DESIGN PANEL is a text window, the help/error messages window. This window is

. used to display all error and help messag’e?. “The TCCM C?DE and STROKE
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NUMBER windows are used for mputlng the correspondlng TCCM code and the
4
stroke number when desngnmg a character ;attern The lMAGE window provides a -

. view of the current pattern that is in the design process.

Basically, the design pnoness is simple. The user first selects a global command
from the MAIN -MENU and then starts the design process. The design procés; is a
répetitive process, that is, continuously selecting and nonitioning an existing stroke Br’ -
radical pattern as a sub-pattern of tne new pattern. Thesg sub-patterns are tem-
porarily linked together using a simple link list ‘data structu;e; The ADD RADICAL
and ADD STROKE‘commands are used to add va radical pattern and a stroke patt:ern
into the current (new) pattern respectively. The SAVE comm;nd activates‘:the save

process. The CANCEL DESIGN command is for cancellng the deslgn pr0cess A :

REDRAW function is also provnded when selccted (at any moment), thg,,

PANEL and the IMAGE windows will be. rednsplayed

’

PP ——

dxctlonarlesvare updated accordlngly.

s

. “Three editing commands are provided to help ease the

L

the COPY, MOVE and DELETE commands. These commangh ¢;

h
Yy

composition sub-patterns of the, current pattern. In general

\\ : . "v"(, SN s

or detects ‘and
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repoft;s all possible err\‘h, errors such as saving an incomplete pattern, designing
duplicated patterns, and others. ’l‘t. also allows users to select whether or not help mes-
sages are needed. When the HELP command is turned off (default is on) all help mes-

sages will be omitted. , :
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6.1. Conclusigns . .

g . 4

The mntlal intent o[ this research was to study ’ "&n-line Chinese character recogni-

: tlon as a general input method for novnce users, However, bécause of lack of Chinese

4,
processlng support facllltles under UNIX (the target OS for the\tntended lmplementa-

' tion), we had to consnder other issues such as the.internal coding and dlsplay method

[N

3

N

‘study of Chinese informa.,tion pr\ocessi‘ng,using UNIX systems.

g

9
of Chinese characters. The’ approach that has been taken was to produce a system that. -

S 3 : . - - . N

allows for growth and for expenments on various system components Hence the

< ‘ 3

invested efforts ‘could be re-utilized. Thé goal ‘was to establish a research tool for the

.

v

_ Currently, the. lmplenientatlon has reached the point where apphcatlon rpgrams

ca,n be built. The implemented system generally met the reqmrements stated in Sec-

tion 3.1 and the design cntena listed in Section 3.5. :
AN .
Based on th&"fundamental requlrements for the CCSS system dlscussed in

L)

Cham(:} l) the follo*lng lssues have beenunvestlgated (desxgned and imple-

" mented)., ‘ R

(1)-- The mternal ‘coding of Chlnese chamcters .

4 L

. AR lnternal codlng -(Chlnese-code) has been proposed that supports ﬁle access'l

.methods mcludmg\ogom file access. Edmng requnrements such 2 searching,

©

‘sortmg and others are also snpported Both Chlnese and ASC[I codes can be

4
o

freely mlxed mthm a ﬁle

o ;)

(2) A display model -

N

3

"ary is. deslgned and rmplemented

Based on ‘the hlerar ical model of Chmese characters! a display pattern dlctnon- ,
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(3) Hand-written Chinese character recognition method : o

A recognition method based on a syntaddic approac ped. This method

recognizes restricted hand-written Chinese characterS¢@®oke order and number

variations in inputing Chinese characters are allowed. ‘e

Fmally, two maJor components, the loglcal Chinese termmal (LCT) and the pattern
edltor, of CCSS system are designed and lmplemented The LC’P is responslble for

1/0O handling tasks. It supports the [/O of both Chinese and conventronel characters.

L

‘Two Chinese input methods are currently |mplemented thie Three Corner Codlng"

I

Me‘thod (TCCM) and an on-line character recognition method aimed at expert and

" novice users respectively. A set of communication functions betwee,n LCT ard applica-

i

. tion programs is written. The purpose is to ease the development of applications,

_involving Chinese character processing.

/
{

1 4

The pattern editor provides an interactive environment for designing disp‘ay pat:

j
o

‘teras of Chlnese characters. The editor also automatlcally generates the recognltlon/

S “y

schemes of the deslgned patterns The dlsplay patterns and recognltlon schemes gath-

ered and/or generated by the editor are stored ‘n the patter‘n and recoghition d|c-

tlonarles respectwely To eliminate the need for memorlzmg the internal codes of radl-

_cals, the hand-wrltten character recognltlon method is. employed in the radical. pattern

retrlevmg process. . ;

A #
. '
> i

» oo

A Frame Based Database (FDB) is used |n the implementation of the dictionaries..
AN -
Therefore thie performance of the system in accessmg the stored mformatlon depends

sol-e/yly on tH eﬁcnency of data access facrhtres used in FDB. Unforthnately, the suita-

' bility of usinXFDB as the underlying database management system (DBMS) was not

%

considered, rather FDB was used to ease the implementation. Hence the perfor'm'ance
. i . rad . ~ X .

2 o 8 . Lo

of the system is"not known at the present moment.” ", - v
. . ' o ~ R S 7
. ‘a 4 - R R
: ’ . B '
. 3 >
Al ., by -
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65.2. Further Work ~ o . KR

{

The design and implementation of the current system has not been completed.
P N ' .

There are a number of enhancements that must.be added. Irtthe rest of this section we

”

will present some suggestions, possible directions for improvements and necessary

further work.

¥ . N '

As m’enti.o‘ned in the conclusion, the performah'ce of our sybtem depends heavily
on the efficiency of data access facilities used in FDB. These.‘facilities may or may not
be optimized for our data structures. A ‘possible research directioh is” to
lnvestlgate/study appropriate storage structures for the dictionaries. Based 'on the

results of the studles, we could then choose or mplement an optimum DBMS for our

s
1

system. . '

EY

In the current system, two Chinese input methods are impleménted As men-

tioned in Chapter twp,“hnany input methods are proposed and o single method has

yet recelved unlversal» acceptance Therefore, it would be more appropnate to extend

N v

the system to include other mput methods. By domg so, the system not only becomes

more serviceable but also provndes a practnca? envnronment for evaluatlng varlous

input methods. ‘ T o , @@
* .2}-;,'-7.’ ) R - ot . . Ly,

Currently, we are ready to bulld application programs The lmtxal programs that

-\needed__to,be”deslgned and lmplemented are (i) Chinese text edltmg ang (i) Chinese

aj

‘text formattlng  facilities. hese . facnhtles present  some lnterestmg
"desig'n/.implemeﬁtation difficulties/owing to different heeds ini_Ch’lﬁ'e;’edocuments. For
example, the current writing sty es of Chmese text mclude both the_ traditional and

the Enghsh styles of writipg. Tr ditional Chinese text is written/ presented from top

.

-to bottom and then from rlght t left' Preparmg a document in both styles may cause

'3

formattmg problems that are pot found ir normal. Enghsb document preparation.

"Chinese dooument preparatlon certainly will be an Tterestmg research topic. Furth-

. L . ¢ 4
X - . , o R .

-

‘e

-
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4

. “ .
ermore, an extension of adding a Chinese programming language such as "Chinese
BASIC" or "Chinese COBOL [Chu79b]” would enhance the system and in itself be’

challenging:

There are m(any applications that .indeed are needed. The author hopes that the’

Lo &

work reported in this thesis will 'stimulate,_researcher_s' to put further efforts into the

develop;ent of Chinese information p;ocessing using UNIX“systems as developmenfj

. tools, especially at University of Alberta.

g
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Appendix Al

Tsang-chi alpl';abet.

Thi.;’i‘ii??ile is extracted from the book titled "Tsang-chi Chinese Input Method" by

Chan [Chan]. X N
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) Ap}endix A2
i ' o >4 . :
- The TCC undamental Symbol Chart

Thisﬁcliart is extracted from the paper titled *The Three Corner C'oding Method"'

~ by Hu et al [HCHT9)]. | o ,
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< ~ Appendix A3 ‘

Information Stored in Pattern Dictionary (An Example)

The following figures show an exampl!g of -the information stored in the pattern
dictionary for the Chinese word language, displayed in the Figure 1.2. FDB is used to

" store the'inforixmtioﬁf . .
o ) . .

W

radical: ¥
T . startx: O
R starty: 0
endx: 32
endy: 64
next: @& ~-

o o

+ radical: a

- startx: 32
starty: 0

endx: A
endy:w

next: nil

l.___-__.....f1
'
1

-

ol g

radical: § o o
startx: 0 , o
starty: 0~ ' ‘ .
- - endx: 64 R C s S
- éndy: 64 : '
e ' next: nil

%

Each BOX is a frame in FDB
The fields inside the BOXs are slois

Figure A3.1 Information Stored in Character database

v
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radical: :r radical:[]
Startx: 0 ' startx: 0 |- )
- starty: 32 ! starty: 0 ’ \)
endx: 64 ' endx: 64
‘endy: 64. ' endy: 32
gext: *~7["7 | next: nil
pod r v e, r
F stroke: —| ¢ | stroke: T}| " ' stroke: | ! stroke: —
startx: 16 ! startx: 12 ! startx: 32 ' startx: 8
1 starty: 56 ' starty: 36 ' starty: 56 ' starty: 8
endx: 48 t | endx: 48 +{ endx: 32 *t | endx: 56
endy: 56 ' endy: 8 ' endy: 8 C endy: 8
next: "7 next: ¢~ next: ¢~ next: nil
é stroke: | E. stroke: —|4 E- stroke: — radical: (]| !
startx: 8 ' startx: 8 ' startx: 8 startx: 20 | ¢
starty: 56 | ' starty: 56 ! starty: 8 starty: 8 '
endx: 8 ' endx: 56 : endx: 56 endx: 44 | 1
endy: 8 v | endy: 8 . endy: 8 endy: 20 '
next: ¢~~~ next: ¢~~~ next: nil next: nil '
' :
* f 1
-E- stroke: \ { ~ stroke: — E’ stroke: — | :r stroke: — E
' startx: 28 ' startx: 8 ' startx: 16 ! startx: 20 | !
starty: 56 ' starty: 48 1, | starty: 38 ' starty: 28 | !
endx: 36 ' endx: 56 ' endx: 48 ' endx: 44 '
endy: 48 | | | endy: 48 i | endy: 38 i | endy: 28 :
»~ next: ®"[~”7 | next: *--[-~ next: -~ next: ¥~ I~

Figure A3.2 Information Stored in Radical Database
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-_— primitiye.
startx: 0

starty: 32 ‘

endx: 64 i
endy: 32 :

next: nil .

7
primitive
startx: 32
starty: 0
endx: 82
endy: 64 .
next: nil

Nt

primitive
startx: 0
starty: 0
endx: 64
endy: 64
next: nil

L

./<r

primitive
startx: 0
starty: 64
endx: 64

" endy: 0
next: nil

2

_r

code:
startx: 0
starty: 64
endx: 64
endy: 64

next: &--

L""‘""'"I

code:

. startx: 64

starty: 64
endx: 64
endy: 0
nextéginy

' Figure A3.3 Information Stored in Stroke Database




Appendix A4

Communication between App.licstion Programs and the LCT ,

A set of functions is written in the C programming language. The purpose is to

»

case the implementatioh of application programs, such as Chinese text visual editing

and text formatting Application programs, and others. These functions are presényed

in this section. s . . ' ) .

(1)

@)

(3)

(4)

(8)

. Cleu"?_hé‘;rminal()\

int Deﬁne_Menu( menu_name, help_mess )

char *menu_name, *help_mess;

/* menu_pame: a brief meaningful name of the corresponding menu item */
/* help_mess: the on-line help message (optlonal) of the menu item */

This function is used to deﬁne a menu |tem A unique "menu_jd", associated

with the menu item, is returned. When a menu item is selected by the user,

‘the interface module will gene}ate a command together with the associated

menu_jd and’send it to the application program.

Remove_Menu( menu_jd )
int menu_jd; -
/* menu_jd: the ldentlﬁcatlon number of the intended menu item. */°

-

This function is used to remove/delete the assoc¢iated menu item from the

w

m‘enu.

Send_Mess( l;elp_Jness ) |

char *help_mess;
/* belp_mess: help or error message. */

This function is nsed to display the qorresponding' message ad a help/error

o

message. 'y

' .Reset_Terminal() : " .

This funi:tion 'jis ‘used, to reset the LCT. All defined menu items will be

removed and the terminal is reset to the default state.

69 " C



. £ ’
This function is used to clear the logical screen of the LCT. L S
- (8) Echo_On() ‘ : ‘ K
a - This function is used to turn on the local echo mode.
, ’
(7) Echo_Off() :
This function is used to turn off the Io,:al-echo mode.
L ”
(8) 'Q’ugso{:}d low()
L : ‘? o "‘ ',‘ . : 2 ’ . .
\ - This {unctior¥is used to turh on the selectable cursor mode. When the mode
. T T ' v : .
" is.on,. the interface module will generate a comnﬁand, together with the
et ) . § [N
o ;o{fe,spondmg cursor position as the argument to the application program,
E ¥" % . . . "
* “ o . ’ .- ; . . .
’ whiep the user uses the tracking cross to select a position (within the logical
: .‘, - T ’ 1/ - .’?-‘( ’
. ; M‘cheen')- s ‘ . | % )
19) .~ .7 Curser Disallow() '~ *
f= £l ., s VN T : .
. .0 " This function is used to turn off the selectable cursor mode.
_ 6o \ ‘ .‘~.. Lo . ;‘.f‘;‘ . ] o -
+ v“‘ . *‘AV'M x . .» ’." ‘ . 4:. . , Z {i .. ; . . v
. :(IO)_.; ;V‘Sc;\'g,‘en_.Dlsalklow() , ‘
. A '“ ¢ . . ; oo !
.+ 7+ This {unction is used to disable the user from selecting the screen mode.
‘ A ¥ 3 i [ » l ‘ . \ ! ' } .
. AP SR *'7, . . i : —
E (119 .cr¢enh_J\1‘|ow() L . : ~
" This functiot is used to enable the user to select the screen mode.
(12) Y Movg_To( row, column ) . ' L B
. - ipt row, column; : .
- /* row: the row value of the corresponding intended position. */ =~ °
/* column: the column value of the corresponding intended position. */
This function is used to position t,'h'e‘cursor to the intended position.
. . . - i -
'(13) © Set_Menu_Color( menu_id, color )

e | S ¢
‘wg , o

-

int menu_jd, color; . ~ N
/* menu_jd: the ideéntification number.dfsthe intended menu item. */
/* color: the intended color for the corresponding menu.item. */ R



* This fanction is used fbr‘reading data. The data can be eéither ASCII charac-
Cers, or Chmese characters or commands The type of theidata is determmed :

. by the evtype ﬁeld The data/arguments wnll be placed in t.he correspond-

.

’ Sor ; . ‘ \ ‘. N .
R ¢ o ST
W - B ek B
Thls function is used to set the color of the menu (to highlight the selected
/mcnu |tem) - : N . ' ‘
EVENT Get_event() - e e .

mg fields. The structure of EVENT is deﬁned (in C programmmg language),

13 Pl
* as follow o o -

typedef struct event’{ Y
. int evtype; R S,

’ inGROSX; | T A

Jo 7 int posy; | - I R
. . int menu_i ; e N
« . -char ascii_thar;

char Chine e_char[4]
} *EVENT
% , v



