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ABSTRACT

This paper suggests computational approaches in the research of
Chinese computer via utilization of the topological and geometric
structure information of Chinese characters. A description language is
designed for constructing the characters from radicals and the radicals
from strokes. The parsing of the descriptions of a character provides
the structure of this character which represented as the control points
of composed strokes. Many statistical results about Chinese characters
can be easily derived and hence support the research of Chinese
computer. Furthermore, it is also capable of gemeraring various fonts
stroke by stroke in the writing sequence. The supported research areas
include 1. character fout generation 2. Chinese input and coding 3.
character recognition 4. CAI on character spelling, and 5. dara
compression..

Key words: Chinese computer, font generation, Chinese input, CAI,
computrational approach.




1. Imtroduction

The study of computrarional approaches in the research of Chinese
computer was motivated by the vast amount of effort had been paid in the
design of Chinese keyboard and the dot matrices for character fonts
manually. With the large capacity of character set, many simple routine
jobs become tedious and time consuming. For instances, (1) the dot
matrices design, for each Chinese character, it needs a lots of work to
layour the dots on a mn x m rectangular grids by peoples to mimic the
image of this character. (2) Researchers pay much of their time to
design the Chinese keyboard in order to optimize the encoding. (3) On
the character recognition, people tend to fail in the selection of
better features due to lack of statistical data. The above tasks have
common characteristics, i.e. they need to know the geometric and
topological characteristic of all Chinese characters and then from which
some common properties of Chinese characters can be found. The
difficulties of finding the important properties of the characters is
not causéd by the complicate searching procedure but by the large set of
search domain. Such kind of task is typically suit for the
computational approach. Therefore we designed a description language
which is used for describing the geometric and topolggical structure of
Chinese characters in terms of radicals and strokes composition.
Although, there were many description languages had been designed for
composing radicals inte character [1,2]. However, our language is the
ontly one to describe radical structures in terms of strokes,

2. The Description Language

Basically, the Chinese characters are composed from radicals and
the radicals are composed from strokes. First, we describe the way of

constructing characters from radicals. For instance, the characrerﬂﬁ? e

is constructed from two radicals ji and 4f from leftr to righr. If we
device-an operator [|| which means compose two operands from left to
right, then we are able tc express 3&? as [[] (&) (9p) . However
radical #¥ , itself is also an composed character asgp =[] (§) (. So,
F57 =M @ (@) (P). The synrax structure of this description
language is as simple as follows

Tree —> operator (Tree) (Tree). v
Tree — radical

There are 3 basic types of operators

1. [ : compose two radicals from left to right.
2. 85 t compose two radicals from top to bottom.
3

- [@ : compose two radicals in overlapping.

Every Chinese character can be described from above three operators
and its radicals.
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However, for the convenience and the precisien, the actual
operators, we adopt, are in Figure 1.

Operators with Pictorial Examples
parameters Tepresentation
TE _

61 AL=010F)(2)

6 .
31 (4) ﬁD < 08 =61(41(=) (&)
91(5.6) " 'AS-H? Ak=01(5,5.5) (F) (&)
G2 —s F=p202)(+)
g2(4] ¢ 2 =24} (2)(5)

4_

62 (4,5) 5 g =p2(4,5] (8) (B)
@3[0;2’4)0]** L" iﬁ=@3[0,2,4:0](i)(83

Note :* Every character are supposed ro fir into an unir square.
parameters of each operator denote the potion of the space

occupied by the operand.

between 0 and 1.

** The parameters of $3 denote the boundary of second operand
from top down, bottom up, left to right and right to left
respectively.

The

The value of parameters is ranged

Figure 1. The operators for composing radicals into .characters

For instance, the character %@3 has the fellowing tree structure,.

Figure 2.

The tree structure of character }%




The linear description of A9 is @L[41(F) (83 (Bl (5) () (&!)).
Actually, each radical is coded as its radical code. Therefore, 7 is
@1{41(0423) (#3 ($1 (0359) (0217)) (0514)). If the area is empty, we
have ( )} denotes null radical.

The description of each character will be parsed to find the
windows for the radicals in rhis character. If the window for a radical
is smaller than the size of this radical, then this radical will be
scaled to the proper size. Otherwise this radical will be shift to rhe
center of the window. Usually the standard size of a radical is a unit
square. For the purpose of character fonts generation, the
representations of radicals are the geomerric locarlon of their
_respective containing strokes.. . _

Each stroke in a radical is governed by three control points, i.e.
head middle and tail point of the stroke. The geometric value of three
control points for the strokes in a radical were derived from parsing of
radical descriptions.

Compose strokes inte radicals

No matters how the description language is designed, it should have
-the following functions (1) describing the length (x-direction), the
height (y-direction), and the rotation angle of strokes, (2) describing
the connection relations between strokes.

There are 19 different basic strokes as shown in Fig.3,

7
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Figure 3. The 19 basic strokes of Shong style characters
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However, the variations of each stroke are numerous. Therefore,
the variations of a stroke should be able to be described from a
standard one by appling lemgth, height, and rotation operators. Every
basic stroke has a standard size. For the convenience of character
generation, we define the largest normal shape as the standard. The
other variations are derived from the scaling and rotating operations.

The syntax diagram of the stroke representarion is:

Rotation Y-direction Z~direction -/ stroke
direction J/ length length 1 id

The detail notations for rotation and length as well as stroke
identifiers see [3].

The relations between strokes may be comnected or nonconmected.

For the nonconnected relations, such as '/ ', we use the operators as
in the composition of radicals into characters. Therefore, "¢\ " is

M@ ey (V) (@™ ) (). For the connection relations, we
devise an binary operator tro determine the comnected point. The
reference points for a stroke are its control points namely H,M,T. For
example, H denotes head point. MH denotes the center point between
middle and head. We use the bisection operator to determine the exact
connected location. Partial examples are shown in Figure 4.

Figure 4. Bisection operators and their relative locations

Now, we are able to describe a complicate radical, for instance




Figure 5. The tree representation of the radical 'f%'

Parsing of the description language

As we statre before, the descriptrion of a character after parsed
will derive the geometric information of each strokes in this character.
The geometric information of the strokes is represented by the x,¥y
coordinates of control points. For example, the control points of the
character ”ﬁ%" is as shown in Figure 6.

<

ARy

Figure 6. The control poinfs of the character ' E%'

Since, characters are described as a composition of radicals by
appling operators in the Figure ! to form-a tree structure. The parser
looks the operators from top level down. Recurvely divides the windows
into subwindows acccrding to the operator. The top level window will be
assigned. by the user, usually a unit square. Then, the control points
of the radicals are scaled and translated into the appropriated windows.

The “parsing of radical description is a bit more complicate. The
basic steps are as follows.



1. For individual stroke, get the control points of rhe stroke by
scaling, or rotating the control points of standard strokes
according to rhe operators.

2. If the strokes are connected by the operators, then find the
connected points,

3. Each stroke is translated to the connection point according to the
coordinates of the firsr stroke.

4, Find the minimax window of the radical, and shift the radical to rhe
lower left cormer of the unit square. If the radical size is
greater than the unif; then scale to the unit size. Otherwise, keep
it as it is. '

Aftrer the completion of the parsing steps, each radical is
represented by the coordinates of the control points of the contained
strokes .and the size of this radical. Most of radicals have size equal
to unit square; some others may have size less than unit square. For
example, the radical "..' has the size nearly zero at Y-direction and
about 0.9 at X-direction. The size of radical is for the case when
firting the radicals into windows of a character. If the size of the
window is less than the size of the corresponding radical than this
radical will be scaled down to the appropriate size; otherwise, the
radical will only be shifted to the center of the window. Here, 'the
size' we mean the size in both X-direction and Y-directiom.

3. Information provided by character descriptions

The descriptions of the Chinese characters provide the topological

- and geometric structures of each character from strokes to radicals then

radicals to characters. Furthermore, we arrange the sequence of

- radicals and strokes in the description according to the writing
sequence. Therefore descriprions of characters contain the following
information. '

1. The skeleton structure of each character serves the purpose for the
generation of characrer fonts and partially for the character
recognition.

2. The radical components of the characters serves the purpose
for the studying of Chinese input or coding methods. Also, the
representation of characters by radical compositions saves the
storage in fonts generation{4] and character gemeration[5].. Figure
7 shows some sample results of Shorg style font.



ws /“T x___*__w__fi - = (\;'z - Lr | ‘
i 1 ) © 'ﬁ

== 7 fo=——=] ' '
, N/ c N _ ‘J
783 784 785

Figure 7. Some sample results of Shong style font.

3. Stroke sequence of each character provides a means of implementing
low cost computer—aided instruction for Chinese character spelling
[6]. Also, it provides the importrant sources of stroke coding
method for Chinese which is useful in Chinese input and on-line
character recognition [7].

The descriptions of character set can alsco provide many important
statistical results about Chinese character such as, radical occurrence
frequency, stroke distributions, stroke connection relations, corner
shapes. In fact, any statristical result concerning about the structure
of Chinese characters.may be derived from these descriptionms. Thus,
they become very useful tool in the computational approaches for the
research in Chinese computer. :

4, Conclusion

We had completed around 12,000 descriptions for Chinese characters.
Such descriptions had been very useful in many researches conduct in our
institute. Besides the fonts and dotr matrices generatiom, many
statistical results about the structure of Chimese characters had been
completed from them. Here, we name a few.

1. The frequency distribution of radicals from 8000 characters, Table 1
shows the first setr of 20 radicals which is quite agree with the
result of Suen and Huang [8]. B

2. The character sets of the same stroke.sequences, Table 2 shows the
result., Here, we group the basic strokes into 7 different stroke
types as shown in Table 3.

3. The character sets of the same strokes without sequence
restriction, we found 363 groups. Table 4 shows the partial result.
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ROGT ) TOTAL
NUMBER ROOT1 ROOTZ ROOTIZ ROOT4 ROOTS ROOTa ROOCTY ROQTEB RODT? HHUMBER

o 3a1 314 383 374 336 a& 8 =4 b 5] 1L&248
- 1aL 37 192 363 172 183 34 & 2 8. 911
:-, 328 35857 47 5] @ 2 Q@ 2] 1>} 5] . 604
g 419 129 191 lLada 75 19 = 2 < 2] a7s
X 423 393 34 8 @ 5] 2] ] 3] a8 439
-~ 418 293 187 19 o] 1 2] 23 9 2] 413
A 421 133 . 54 147 43 19 = i o] =] 411
{ 204 324 72 12 @ ) ) ° ) 9 498
¥ 393 3L 194& 1256 &3 19 2 5] 13 ] 349
1 38l 33e 12 @ 2 2] 5] 2 12} 2] 342
i 295 1 27 127 114 14 24 13 1 2] 323
A 4035 223 19 39 22 7 -8 1 2] a 322
- 292 832 193 24 18 3 . 5] 2] 33 312
& J14 44 2 a2 &3 22 1 -] 2] 5] Jo4
0 3ez2 3& . 8& Fi 33 a 19 1 2] Q 274
—,‘; T892 219 3 15 & 15 1 15 2] >3 282
& 801 273 s i 2 ) a ) 9 0 281
R 229 7 &1 182 &8 36 2 . 2 2] aQ 279
-+ 343 i85 58 23 T 1 1 5] a 5] 273
~? 323 7 1867 ¥ . 2 DR g 2 2] 2] 275

|

;

j Table 1. The first 20 radicals with the highest frequency

3 distribution computed from 8000 characters

|

|

NET

‘ TAiTC. & T jH 4R 44
| 210 # 20 |70 7 35 | 2
ERE A 21 [;2 s 37112 32
el 218 A 40| Z of
sjaa ¥4 5] 412538
Lig B & 4| A A 42 Z?__E:%
Ab:. L) 53z 8
s lx & xb | f¢ AL 24 fem s
7= & 27]ok & s|E F
ol g ~ lsEE 1A%
(1A 8 27 157 3R
iz |16 G 30 | B g1
13|54 3] [48 48
4ot P & 2|8 3=y
m-l.fr,‘..-”{'}'(' ) 3518 =2 -
ki@ 34 (wrt 7 4
e i |@n & |
2|8 o) op s | -

Table 2: There are 46 groups of Chinese characters (found from 8000
characters) with same spelling sequences
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Table 3.

Table 4.

Strokes

-J

~

I

o~y || ra—

~J

|

"/
7.

L

1.
L

7 different stroke types for om—line character recognition

Lt 2 &R stli- x4 st mr
2|ttt 27 4L R sz |4Be 3
3| |FA &M 2 | A& E 5 B &
EEE |22 Lo - s |7 @
S| Tx=s5 30 [Af 45 R
L{® 5ot 3 430747 | & AR
1AM 2 45 & £1] AN
3 |474h 33 |i e 2P

7 4 A 34z 5 57| g o&
oA 30 | {E 4m 45 L

"niz i 36 442 hi AT t & a

iz A3 51 43 = ainh
13| 2K~ 38 | & 5 5k & | &

413 3k 37145 % sk o |7 fG,
AL LA do UE F= & ki
wling a1 bs 3 o b
{5 B 42181357 PIEEY
18] 4 |48 F b5 | B 4%
i o0 g & |43 iE LT B o B ap -
0 | 242 44 45 |42 4% otk 7oA
NEY 4c ik ey

et ¥ 43 4742 = 7: 8] &
5 | F ot 43 |45 15 #lc x

%3 % 47 \Whr 4 B,
sl de 0 |l xlressz

The first 75 groups of characters with samé stroke

combinations.
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Appendix:

The sets of Chinesa characters

stroke combinations

with the same

Ll g AR

#6

. 1= 5 & S\ fE &
2 |t T 27 AL $2 |4m
ER T 28 | A F A & | B s
|4 |25 29 AP - 4 |0 =
SIEF 23 30 LAA45 s R
e [T 5ot 3\ 43 Hr 4T 146 |48 R
7 1& & | 32 13 B £T 1A 1\
18 [4774h 33 |48 8 - P

7 16 & 34 147 & sf | § o8

0| UL A 3¢ |45 4R 40 b0 | ALK
EEA 36 42 At 2 of |e &
2\B%E 37 U9 ) &2 |7 A

132 R & 38 | & A 5k | o &
43k 37 |4 3k K 641 t7] Jg,

S| UL LA 4o U¥ pr % ¢S |74 B
13N 41 e 1 e | A A
7115 E 42 |45 %7 57170 R
(3| 43 | 5 b8 | Bl 49 &
17| o g 44 |4Z 48] £7 o % °n & aph
20 | Z AF 4K 45 |42 1% oK 708

21 | R A7 46 | 43 AX 7t |37 J

22 | F 43) 47\42 % SEE

23 | F ot 48 |45 £ 75T F

U5 4% Lt 4 74 BT
125 1% & 50 \4% 2% riEeatXk




76 | & ol | 6% 1 . 126 | = FT
77 |E] B 102 |op| g 127 |25 F4
78 103 | o) & 28 |Ap Th
77 ) of 104 | w B 129 |22 Jt
g0 K jos foA £ 130 |3 15
81 o] 3] & 06| 8 o8 21|38 18
82 g A “ 107 | Bl AR 122 |12 24
sz lur T 3 108 |08 (g 122 |1 oiE
. 845 B 107 [0F & 134 |18 $E
) Ss'g]og- 1107-{;‘?53 .155/3&5% |
186 |5 ot m/‘%"’-- oS 1B 36| R R
QYA S S UL A LIRS
38 |oft. /@ 113 | 0% 5H (38|23 5
§7 |07, 7P, (G| vk 5% %5 137K AR
9 |2 L5 (15 /gyo,% 140} LA 4%
?/ | &= 25 16 | of) 4Z. |1ar|dp % ogr
72 |og S Z 42| 4% b
% lop 7 gigd T 143543 &
Pl E A RE R (U AS R 144 | b Ak %
eim oz [1zo|og 2y 145| & 4%
76 o ob B % 2| e hadk D
77 kg 48  |maoe e “l4z &
75 | 0B of 125 [ofy 23 | 198 |
7 o @ 24| @ Z 149 3 43
1 100 128 U ;3 150 %F ﬁ

5 A
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st |45 48 YAV R »| A8 )\]
{ie2 42 42 7115 & =2 (B &
153 5 7 | JE 7 203 3% 3%
54 | & 77 UK &% |2 B gt
5| &8 i s gy R 205" 13243,
156 | AL 81| b 2% 42 42
7| F A3 182 [0, & 207 |37 w7
|17 4R 2 B g 28 | 1% fii-
RGIEY S % |8 & 2 |15 3
bo| 7, 2 3 | b Jit 20| % %
el A% (86 |f K. A
b2 | B Ad 137 (78 & z/2 KK
03 | B 4R (52| 1 F Pey
164 |5 k& B 7|2 A 26| 3t S
el B 43 ae Lol el
S 17| & A XS
67 _'g_,g %8, f 172 3% 3% 27| 2 34
15| B 5 149§ 15 | 58
1169 |82 A% 194 | . 4k A7187 &
70| 2 90| E & 20| g &
7| 2 xE 176 | AR AR 2/|8 §
R 177 | MG At 22218 &
(73| & 38 178 |4 A 2% |87 % -
s [ s - 197 | 4SS 28 F
R 22 |18 g > &
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LB = B Hh 276|583 5
|1 (e 2 | 1 Ul

2|58 F 23 140 B |78 s 2

2918k 2 & 266 kR 77 AsR
peles S o638

oy - B AR A # |48 48
el — ST
P#les s 9B - e N & S TIPS

236 |8 B% |k A8 zM ;7\;5(/1:( |
P I9A R e ol % % = P ¢

26| & A : 2L i/#% 256 ﬁﬁ‘i’vﬁﬂ
JENESF S 18 oF 7|8 €3

238 A 2 o3 | KE, Ky 5| 6 &

7 R AR 41K 87 a4

P AL 4148 84 1148 §

4| R A 6| by 2 201 |4 B

bz j:,’}j ;;‘] 267 /—Eﬁ 7_% 392 /é;r BA

263 |} kA 2| 3T 1% 293 | g4 18

MERS K 4P A B 26| % o

248|545 0 270 jask B 29¢ | g Bf

266\ & K, 71|38 54 276 |37 35

wiltg ¥ PPk sk 77155 4,

368 |4 i3] ~ 5k sE A
R R 274150 s 7|48 %8

.L’JD }H\ﬁ ;yir 2730 300 %-\;_ @lg‘r
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30| 25 v ad B 2 351 | 8% 74

302|320 A 2B G ser| 45 ok

303 | 3% 1k 2| 3 %3 | &% 8%

sod 1 47 o1l JEP

3ot |8 2% EE AR A

st Talzz - - el

o0 |RAAE iadE W S i s B

508 15, % a0 W LT

307 | £ 47 14| % 32 | 27 | B ER
o] 140 sk elEe

3| 5 % 26 i 61 [ )6 &

2| sy 337 | E% 2% v K &

313 %@?ga 338 |32 2k | | @ & B @

314 | 48148 77| £4) 49 _

3l i & 340 | B 5 & A

36 | 27 341 | B5 £5 3tk

317\ B+ A1 562| B B 367

2108 343138 o 368

39| gt Az 2418 5 367

330| 4 b %45\ P ot 30

321 BR & v R I A
13 s e e ERRE B

12|92 5o pelEpEE i

2o B A 47 V&P 78 i

PR R 57|83 78 il
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