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RBSTRACT

In this paper, a new high guality, high performance Chinese
character pattern generator is presented. The ma jor
improvements over the passed ones includes the eliminition of
unnecessary computations, systemize the structure and modularize
the structure to minimize the modifications reguired for a font
change

An experimental system has been implemented on NEC 9807
personal computer. The statistics show that a basic system of
ten thousand character patterns reguires 232k bytes memory
space. For change or adding a new font to the system, only 34
subroutines need to be redefined and programmed. This is less
than 24k bytes in BASIC in our experimental system. For farther
add-on characters, an average of 18 bytes/character is needed
and the rest of the system may remain unchanged.

This paper also indicate that this system is very suitable
for persuading VLSI implementation.
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1.Introduction

Some piloneer studies of Chinese chaTacter pattern generator
(cpg) ultilizing a composition mechanism over a set of component
patterns can be found in the early 70's (1,2,3,4,5,6,7,8].
Since then, many proposals have been made by wvaring the
composition mechanism and the definition of the ‘component set
[9,10,11,12,13], All these early systems were generating low
density, line-stroke patterns, and aimming at saving memory
sSpace required for pattern storage. As the micro-electronic LSI
technology keeps on progress, the design goods of cpg changed
someuwhat. Many systems emphisized on the system throughput
[14,15] in order to match the requirement of a high resoclution
and high speed printer, ie 200 to 300 dots per inch anmd 1 to 2
pages per second. Some others emphisize on the quality of the
pattern image [16,17,18,19]. The development of high quality
cpg's is very interesting, because they start to generate bold-
face, nice-looking characters which makes the system acceptable
for office applications with guality.

In the paper, a neuw high quality, high speed cpg 1is
proposed. The major improvements over the passed studies
include the eliminating of unnecessary complex camputations,
systemize the structure of cpg and modulize the structure which
minimize the modifications required for font changes. An
experimental system with 800 <character patterns has been
implemented and the results are quite satisfactory.
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2.Representation of Character Patterns

Let p be a character pattern and P be the set of character
patterns to be genersted. lLet r be a component pattern and R he
the set of component patterns (includes an empty component) that
can generate every p in P. Then, each p can be expressed by the
components which p is composed of and the locationm 1 and size z
of each components, respectively. This is shown in Eg-1.

p = 1‘1(11,21), r2(12’22)°"rﬂ(lﬂ,zﬂ> - - - - - (1)

In eguation 1, n is a positive integer that indicates the number
of components in a pattern p. An illustration of Eguation 1is
show in Fig-1.

Let t be the pattern generated by a stroke and T be the set
of all stroke patterns that can generate all the r's in R. Then
for every 7T in R, 1 can be expressed as a series of stroke
patterns associated with their locations in r© and their
arguments that characterize the shapes of the strokes. It 1is
shown in Eq-2. An example of a set T for generating Soon-Font
character patterns is shown in Fig-2. In Fig-2, there are 34
strokes. The arguments of strokes vaary from 2 to 4, including
a center point which is used for painting or filling the inside
of the stroke envelop. This is a special arraugement for
programming the character pattern in BASIC language with graphic
instructiaon "PAINT" . For other implementation, the "paint" can
be considered as a special function required for generation the
patterns.

r = t1(11,a1), tz(lz,az),..tm(lm, a ) - - - --(2)
In Eg-2, m is the number of stroke patterns of which r 1is
composed. For every stroke pattern, the envelop is expressed as
a series of line-segments and arcs instead of the cubic-splines

[16,17,18,19,20]. This simply the «computation  complexity
proposed by previous works. The reason of doing this is to meet
the fact that the character patterns are designed. For example,

by examine the drawing envelop of basic stroke patterns of the
Soon-fFont, only Line-segments and ares of a circle are found
[20]. An example of the character " " 1is shown in Figure-3,
and a structure of the basic stroke pattern "» " is shown in
Fig-4.

What described above is proposing a general structure model
for character pattern generation. The system is flexible for
different implementations as well as for tailormade every stroke
or component for a specific character by properly select those

parameters shown in Eg-1 and Eg-2. For generating different
fonts of characters, only T needs to be changed. Other part of
the system may remain unchanged. Some examples of Socon-Font and

Bold-Font patterns by different T sets are shown in Fig-5(a) and
Fig-5(b), respectively.



Figure 3 An illustration
aof stroke enveloops
consisting of line-
segments and arcs of
circle only.

Figqure 4 The definition of stroke
pattern of "3" and same patterns
samples.
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Figure 5 (a) character samples of
Secon-Fant. (b) character samples of
Bold-Font by substituite 34
subroutines of stroke definitions
in the same generator used in (a).

nd o of -~
TN

i

H

Wh I Jn
=
]

\“fm

=
[ WL

w/a{"“i

Y

AN
&
4|

R

.

ay
i
U
e
}}

o

g}
i

S

N %Egd

=

e

Ol

™
2f

D
=5

7

eiil)

pne AN

g
Lk

<o f

G b

Ty
| Shiston
<~

ﬁ
e

=4 ‘f.w

S
ol
Rl
waees |,
LI
=
e
Erapred
Y—-
i

¥



J.Implementation

An experiment of implementing a cheracter pattern generator
following the model described is done on an NEC-9801 personal
computer. All programs are done in BASIC.

The —coordinate and frame of a character pattern is selected
to be 256X256 dot matrix with the left-top cornor as origin.
And so are the components and basic strokes. All parameters in
Equations (1) and (2) are relative with respect to the frame
they belong to.

A~ collection of Egquation 1 for the set P is «called the
pattern description file (pdf). The pdf ultilizes binary-tree
structure in our implementation. Fach p is decomposed onto two
components. If neither one of those two compaonents is in P ar
in R, a new non-terminating sub-pattern g has been found. Let
the collection of g's be Q. The representation and processing
of g's will be exactly the same as those of the "p's in P,
According to previocus studies [5,12,22], for 10 thousands
characters, the number of g is around 3 thousand. And the ratio
of the number of g's aover the number aof p's decreases as the
number of p's increased. This is because g may be shared by
same characters.

The binary-tree structure of pdf provides a uniform address
space for locationing the pattern discription for each
characters. Therefaore, its address can be computed i1if the
coding for <characters 1is a continuous space in the internal
representation of a computer system.

Let C be the union of the sets P,Q and R. Define a partial
ordering relation > as folloouws. Faor elements u and v that
belong to C, wupv iff v 1is a sub-pattern of wu. By this
definition, the relation is reflective, transitive and
antisymmetric. Therefore, it is a partial ordering relation.
Besides, 1in set C, there is no two elements with identical
pattern, therefore, 2> may be replaced by >. The relation >

defines a non-disjoint partition on C. And, for each daomain of
the partition, a binary tree can be constructed by the relation
>.

By the above discussion, the cpg 1s a forest (a collection
of trees) of binary trees. And each p in P can be selected as
the entry point to the cpg. A formal presentation of the cpg is
formulated as follous.

(Entry point)— p where pe P
p—s=bh, b wvhere p>b
b—sp| g |R where g e Q - - - - - =(3)
g-—=b, b where g>b

R—>-[ the set of components |

In the above equations, p,b, and g are variables, and the only
terminator set is R. Therefaore, after some iterations under the
constrain the p >b and g >b, a character pattern expressed in
£Eg-1 can be found with the relative location and size associated
with each b in Eg-3.
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When Eg-1 has been found for a character pattern, the next
step 1s to substitute each r by its expression in Eg-2. This
will give an expression of character. pattern in terms of
strokes. The effective location and size of each stroke with
respect to the frame of a character pattern can be easily
computed by a transformation of the coordinate. And so are the
arguments for drawing the stroke patterns. Those
transformations are tedious, they are omitted here. The final
step 1s to call stroke subroutines to draw the pattern for the
character. A system flow digram of the described steps is shown
in Figure B,

4.Discussions

The component set we choised is the cne develaped at chiao-
tung University [ 7,8,10) with an extension made. This is due
to the fact that a component may have slightly difference
appearance when used at different positions in charactsrs. For
such variations, they are considered as different components 1in
our system in order to generate more elegant patterns. The
total number of components is thus approaching 1000, and the
total memory occupied is slightly less than 48K Bytes.

For pdf, the average space required is slightly less than 18
Byte/character. This is averaged over 800 characters
implemented in our experimental system. This number is very much
caonsistant with the numbers of our early studies [10,?1,12].
Therefore it is reascnable to estimate that for each 10K
characters, 160K Bytes are required.

As for the programs, since all programs are writen in BASIC,
from the readings on the disk file, the total is 24K Bytes.
This includes 34 basic stroke drawing subroutines.

From the statistics shown above, the total space required
for 10 thousands character patterns are 48+1680+24=232KBytes.
The size is perfact for 16-bit PC's.

For each font change, at most 24KByte changer are needed for
those 34 basic stroke drawing subroutines. And for further add-
on new characters, only 16 byte/character is needed.

Some more examples of the print-out are shown in Figure 7,
8, 9 and 10. Please be noticed that the change in size, shape
and orientation can be easily achieved. This is another unique
fecture of this character generator.

Because the system is processed by a BASIC interpreter wuwith

floppy disc drives, the speed of producing the character images
is not fast. The NEC 9801 we used is not equiped with 8087
arithmetic processor. Under this circumstances, for 32X32
matices, the speed 1is about 5 characters/second. The speed

depends on the number of strokes per character and the size of
the character. But the former one is of ma jor concern.

The size and complexity of the system is very sultable for
persuading VLSI implementation. For VLSI implementatian,
parallelism can be arranged at component or stroke level and the
speed 1improvement to reach 100 to 1000 character patterns per
second is possible [14,15].



Figure 7 Examples of varistions of the character "é&”.
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Figure 9
Printing with different
sizes.,
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