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ABSTRACT

The Chinese calligraphy plays.an important role in Chinese art. There are many

famous calligraphers in different dynasties, such as Yan Zhen-Qing (3# £ %) or Liu
Gong-Quan (#r = {#). They use the Chinese brush stroke to generate Chinese

characters with different writing styles expressing their unique artistry. The purpose
of this thesis is to synthesize the specific Chinese calligraphic style of one of the
famous calligraphers mentioned before. We integrate the Chinese brush stroke model
with expert system, classifying all the stroke types, designing complete inference rules,
to generate Chinese characters that are closely similar to those written by the
calligrapher. We also use tablet pen as an input device to create a convenient interface

for users to write by imitating copybooks for calligraphy.
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Chapter 1

Introduction

The Chinese calligraphy is one of the quintessence in Chinese art. Calligraphers
use the Chinese brush stroke to write glamorous characters. As the brush moves, we
can see the affections of the calligrapher/artist and.his unique artistry. In other words,
calligraphers express their attitude ‘of mind.and values by writing characters.

There are several categories-in.Chinese calligraphy, for examples, Kai (regular
script), Li (clerical script), Xing (running style), etc. Among all these topics of
Chinese calligraphy, Kai is the most common one. Many calligraphers are famous in
writing Kai. Yan Zhen-Qing(#id' Ji)’s Kai looked handsome and dignified, and
represent imposing manner. Liu Gong-Quan(#]]l>*1#)’s Kai is thin and tall, implying

strength, energy, and power. Figure 1.1 shows these masters’ authentic manuscripts.



(@) Liu Gong-Quan’s Kai style  (b) Yan Zhen-Qing’s Kai style

Figure 1.1 The different Kai styles written by Liu Gong-Quan [2] and
Yan Zhen-Qing [3].



In Chinese calligraphy, students who want to write beautiful characters like that
written by famous calligraphers should imitate the copybooks first. After practicing
repeatedly, they could find out the extensive knowledge and profound scholarship of
the Chinese calligraphy, and create their own styles. The purpose of this thesis is to
synthesize the specific Chinese calligraphic style of one of the famous calligraphers
mentioned before. Our system also provides a convenient environment for users to

imitate copybooks of calligraphy by computer techniques.

1.1 Overview

There are lots of researches that aimed to generate realistic calligraphic character
images. Most of them focused on the physical properties of the Chinese brush stroke.
Users who want to write a calligraphic character using those systems need to have
enough basic knowledge of calligraphy. And some special equipment (including the
real Chinese brush stroke connected to the computers) is also need. Thus, it is not
convenient for most users.

In this thesis, we propose a system to synthesize Yan’s Kai fonts. Our purpose is
to generate calligraphic characters that look closely similar to those written by Yan.
The system progress in detail is as follows:

First, users using our system are not asked to have any idea of the Chinese



calligraphy. What they have to know is the order of the strokes in one Chinese
character. When imitating Yan’s characters, users use the tablet pen as the input device.
They can put the copybook of calligraphy as the background in the system, and follow
the path of each stroke according to the stroke number order by the digital pen.

When a character consists of several strokes has been described as a set of digital
pen trajectories, the system will decide which kind of stroke it suits for each stroke.
Our program agent sends all attributes of each stroke to an inference engine, namely
expert system. After some appropriate inferencing with complete rules we designed
and set before, the expert system returns the best stroke type that we can apply on the
stroke for each one. Finally, a character with calligraphic style is already generated,

namely the Yan’s Kai style.

1.2 Thesis Organization

The rest of this thesis is organized as follows. In chapter 2, we review the
previous related researches about brush stroke model and expert system. In chapter 3,
we describe the system structure by showing the system framework. We also have
some talks about DRAMA — an expert system we use to do some inference. Chapter 4
states the details of each step of the system progress mentioned on the last chapter,

including the stroke model we use, stroke type classification, stroke attribute analysis,



and the rule design in expert system, etc. Then we show several implementation

results in chapter 5 and have discussions on them. Finally, we give some conclusions

on this work and address some future works to improve our work in chapter 6.



Chapter 2
Related Works

In this chapter, we are going to discuss some researches related to Chinese
calligraphy. Section 2.1 states the basic unit in synthesizing calligraphy, the brush
model. Some researches aim to the-physical properties of it to make various kinds of
simulation. Strokes are generated and form a Chinese-character according to the brush
model. On the other hand, most“researches about- Chinese calligraphy focus on the
aspect of image processing, e.g. the process of keeping valuable calligraphy authentic
work. And some focus on the combination of brush and image process. These will be
discussed in Section 2.2. Then, we survey the researches about expert systems in

Section 2.3.



2.1 Brush Model

There are a lot of researches that aim to the topic of brush model. Brushing
commonly refers to the drawing of curves with various line widths in bit-mapped
graphical systems. In 1989, Porch and Fellner proposed the Circle-Brush Algorithm
[13]. This approach produces constant line width by circles of suitable diameter,
independent of the curve’s slope.

At the same time, Strassmann’s hairy brushes model [16] was presented. It
provided a description of physical properties of brush materials in order to generate
hairy brush images of sumi-e paintings.<-one kind of-traditional Japanese art. And the
concept of a collection of bristles was proposed for the first time.

After that, Horace and Helena [10] proposed the first methodology for generating
hairy-brush writings. A parameterized model is built to specify the varying brush
orientation and brush tip pressure, the brush writing hair properties and the variation
of ink deposition along a stroke trajectory. From this model, people can simulate the
physical process of brush stroke creation and synthesize most of the aesthetic features

of calligraphic writings. This method is suitable for Chinese calligraphy.



Then, Nelson et al. [12] presented a 3D brush model. The main feature of this
model is its ability to mimic brush flattening and bristle spreading due to brush
bending and lateral friction exerted by the paper surface during the painting process.
Since the visual feedback is significant in their system, some special equipment is

required such as a real brush and haptic device.

2.2 Image Processing on Calligraphy

Most researches about Chinese calligraphy are devoted to image process of the
calligraphic documents. Yang et al:[18] proposed a method to vectorize the digital
images of the Chinese characters automatically: The vectorization results can be
transformed into a true-type font for* general applications. They also prevent the
zigzag phenomena when enlarging the characters. In this way, the treasures of the arts
of Chinese culture can be preserved.

A different kind of application on calligraphy and image processing was
suggested by Wei et al [17]. They proposed a method to generate scratched look
calligraphy characters by mathematical morphology. By this method, people can
decide on number of times of the thinning computation and structuring elements, and
can also know whether the sizes of generated calligraphy characters are the same as

the original one in theory.



A combination of brush and image process was presented by Mi et al [11]. They
proposed a virtual brush model based on droplet operation and its application on
retrieving character outlines and character modeling in Chinese calligraphy style. The
droplet model helps to compute stroke area with well-defined geometry information
and leads to the feasibility of retrieving the outlines of characters with well-defined

geometry representation.

2.3 Expert Systems

By definition, expert systentis a system which-:employs human expertise to solve
problems like the real mankind-does. '/An‘expert system either supports or automates
decision making in an area of which experts perform better than non-experts.

Tzeng et al. [4] introduced the concept of “knowledge” used in expert system.
There are four main topics: knowledge representation, knowledge acquisition,
knowledge inference, and knowledge validation/verification. By these topics, we can

choose the suitable method for each topic to form our calligraphy system.



In the first topic, many representative mechanisms are used for knowledge

representation. Backus—Naur form is the most common one used as a meta-language

for defining the syntax of a language. Frame-based representation is suitable for

related knowledge about a narrow subject with much default knowledge. Case-based

representation is usually used to describe the experimental knowledge, and to solve

problems by the experience of old cases which are similar to the current one. Here in

our calligraphy system, we use rule-based knowledge for the knowledge

representation. This representation is appropriate for a kind of knowledge field which

requires inference. The basic rule form is if-else.condition. With complete rules, all

situations can be inferred.

The goal of knowledge acquisition is to elicit expertise from domain experts. We

reference the calligraphy copybook of Yan’s Kai style for increasing the domain

knowledge of Chinese calligraphy. Then, a repertory grid is needed for knowledge

acquisition. In this method, we elicit elements to be classified. Within the modify

stage, each grid is rated by filling a rating. At last, the repertory grid contains the state

of the attributes in it. By this way, all rules can be generated from the grid. We show

the final rule set in appendix to express the concept of repertory grid.

10



The third topic is the method of inference which has a main theory called

syllogism. It is a simple, well-understood branch of logic that can be completely

proven. In general, a syllogism can be any valid deductive argument having two

premises and a conclusion. Using the syllogism with two ways of reasoning — forward

and backward, the decision of any situation can be made from the input conditions or

from the final conclusions on the contrary, respectively.

In the last topic, knowledge should be verified and validated. Most expert system

has non-exclusive rules and fuzzy decisions. It leads to some unexpected situations.

To avoid such kind of problems, wesset the rulesused in Chinese calligraphy mutually

exclusive. Therefore, the same attribute state will not go to different conclusions.

11



Chapter 3

System Structure

In this chapter, we will introduce the structure of the whole calligraphy system.
We propose an approach which integrates expert system into calligraphy by using
different developmenting environments, including:the inference mechanism (using the
JAVA environment) and the result display (using the C ++ environment) of the
calligraphy. The proposed system consists 0f 5 modules according to the
developmenting environment. Figure 3.1 shows the system architecture. We are going
to describe the details of each module in Section 3.1. Besides, since we combined
another independent system (the 3rd module in Figure 3.1), some other descriptions

will be given in Section 3.2.

12
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Figure 3.1 The system architecture
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3.1 System Overview

The proposed calligraphy system consists of 5 modules: stroke trajectories
setting and analysis, stroke relationships decision and attributes setting, stroke style
determination, returns of the best stroke style, and the strokes generation. Among
them, the first and the last one use C++ as the developmental environment, and
devoted to input and output. The others (the middle three modules) are responsible for
inference mechanism and are developed in JAVA environment.

In the first module, we input the stroke trajectories which can be done with a
digitizing pen or a mouse to start the calligraphy system. In this part, our approach is
to imitate the calligraphic copybook of Yan’s:"With the graphic APl — OpenGL, we set
the size of the copybook be 400 x 400 pixels and 256 gray level for each pixel. It is
put on the screen as the background and the user can write Chinese characters in it.
When a character has been written, the first step of this module is accomplished at the
beginning. We can only see the mouse trajectories of the character by removing the
copybook. After that, the second step of this module can be carried on: strokes
analysis. The system will analyze every stroke roughly in this stage, and determine

the type of each stroke.

14



In the second module, the relationships among all strokes are determined.

According to the mouse trajectories that are set in the previous module, we can

measure the starting and ending positions of each stroke, check whether the strokes of

a character are connected or joined to each other, and calculate more information of

each stroke. Recording all these data set, we can enter the inference mechanism then.

In the previous two modules described before, all information of each stroke has

been already collected. Now, we are going to determine the stroke style. There are two

sub-routines here. First, we have categorized all strokes and arranged them in much

more kinds in terms of the writing style of:Yan and the characteristics of his

calligraphic character. This procedure is named stroke type classification. Then, we

design the inference rules according to'the stroke information collected before and use

expert system as the inference engine. Via these two sub-steps, the style of each stroke

can be determined.

After the inference, the fourth module handles the return of it. Because the

system has crossed different developmenting environment — JAVA and C++, we

utilize transmission of file in this part, and make them (JAVA and C++) communicate

to each other correctly.

Finally, when each stroke is allocated with a specific stroke type, we can

construct the whole character and show the result in the fifth module. The graphic

15



API — OpenGL is used in this module. We use glDrawPixels to render the calligraphic
character with specific stroke model and stroke profiles. And this character will

appear in Yan’s style at last.

3.2 DRAMA

In the last chapter, we have discussed expert systems about the four main topics
on “knowledge” in detail. Here in this section, the focus is put on the developmenting
environment —- DRAMA, a JAVA-based expert system.

DRAMA is a rule-based .expert platform. As to the general engineers who
construct the knowledge base, this is an-intact knowledge structure that is easier to use.
By adding rules that are similar to human-lagical thinking [8] [14], DRAMA can have
the ability of knowledge inference, and offer service for lots of different knowledge
field.

There is an important design concept in DRAMA — NORM. It stands for “new
object-oriented rule model” [7] [15]. By the concept of object-oriented knowledge
management, this kind of system can help knowledge constructors, the engineers, to
develop knowledge applications in a manner closer to human thinking. The purpose

of this model is to consider the psychological aspect of real mankind.

16



This consideration is often neglected by traditional expert system which just simply

use procedural knowledge as the system basis. This makes the description of

knowledge often lack the accuracy. However, the system with NORM model takes

some characteristics of human logical thinking into account, to design different

knowledge fields related to each other.

In NORM model, knowledge class is designed to perform knowledge block or

knowledge concept. We have some operations moving among different knowledge

classes:

1. When a new knowledge is constructed after learning some expertise, we

usually connect the jeurrent knowledge with others which we have

learned before, to reduce the difficulties of learning the current one. This

is called “reference”.

2. Knowledge “modification” is a kind of operation we are familiar with.

The learner can increase learning efficiency by some well-modified

knowledge. Besides, “extension” is also important on knowledge

construction. According to the demand for advanced knowledge, learners

use existing knowledge to increase extra knowledge content.

3. When the problem in a knowledge class can be simplified or turned into

another kind of knowledge problem, we use “trigger”.

17



4, According to different decision conditions, we need utilizing different

knowledge classes to infer. At this time, “acquire” is needed. In other

words, we should find out the proper knowledge classes to handle the

sub-problem.

By the operations described above, the NORM model is complete and makes

DRAMA more friendly to use.

Finally, we show the system structure of DRAMA in Figure 3.2. It includes

calligraphy program handling 1/O.sand processing, server and inference engine of

DRAMA, and the knowledge base'constructed with NORM model.

Calligraphy Program

Process
F 3

Calligraphy ::> DRAMA :> Knowledge
| Server (T Bt

L J L J
Calligraphy Inferenoe

140 Engine Editor

Figure 3.2 Calligraphy system
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Chapter 4
Knowledge-Based

Calligraphy System

Based on the system structure described in Chapter 3, in this chapter we are
going to do more detailed discussion te every moedule. All discussions are given from
the point of view of implementing the cathgraphy system. The order of explanation
may (1) be with the order of system ‘procedure or (2) be with the order of system
design (or implementation order). Although (1) is a more logical formulation, (2) is
preferred since it is more intuitive for users to know the design procedure. Besides,

we can know how modules are linked to each other more completely by this way.

¥

Stroke Style Determination Strokes Generation
= [ 1.5troke Type Classification [ Returns the Best Stroke Style { 1.5troke Model
2. Inference Rules Design ) 2, Stroke Profile )

Trajedories Setting Relationships Decision
=]
Strokes Analysis Artributes Setting

Figure 4.1 System flow chart.
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4.1 Stroke Model

Stroke model is the basic component in Chinese calligraphy synthesis. In
calligraphy system, it lies in the fifth module. Cooperating with setting of stroke
profiles, the final character will be presented by stroke generation.

In [9], the proposed virtual brush has several features. Here, we integrate some of
those features into our system as follows:

1. The modeling way allows the synthesis of gray-level calligraphic images

with fine ink trails.

2. The brush pressure is ignored since.the*main purpose of this system is to
generate charactersin Yan’s-style-by the composition of all strokes, not
focusing on the interactions of-each'stroke that users write.

3. Realistic calligraphic effects can be produced by varying different
parameters which control the profile of brush orientation along a stroke
trajectory.

4, The contact between the bristles and the paper is modeled using an
elliptic footprint whose principal axes can be dynamically adjusted

according to different turning control.

20



Then, the brush model is applied. In normal state, it is formed like a brush bundle

which can be approximated by an inverted cone while suitably inked, as shown in

Figure 4.2. It has the necessary information relating to the geometry of the brush

bundle. For example, the radius of the brush stem (R), the length of the brush bundle

(L), and the number of bristles (M) that form the brush bundle.

A typical example of a real brush has the following values: the brush stem radius

(R) = 0.9 cm., the length of brush bundle (L) = 3 cm., and the number of bristles (M)

= 10 000 approximately.

In a digital environment, theseivalues above. should be adjusted. The radius (R)

and the length (L) change based on'the system size. In general case, each piece of the

brush bristle paints just one pixel.or. more. Here in our system, the bristles are ignored

because we do not focus on the simulation of stroke movement interactively. Thereby,

the radius and the length dominate the stroke generation.

Paper

Contact area
between brush
aqd paper

T
vPBrush bundle

Figure 4.2 The brush bundle in an inverted cone shape.
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Although the parameters (R and L) are fixed for a given brush, the radius of the
contact area between the virtual brush and the paper varies as the brush model rises
and falls on the paper. In other words, the larger the contact area between paper and
brush stem, the more pixels it needs to fill the canvas. This effect is shown in Figure
4.3. Except for the contact radius, another factor also determines the brush effect,
which is the orientation of the brush. It depends on the direction that the brush moves
along and appears in an ellipsoid shape. For example, when a vertical or horizontal
stroke is written, the ellipse should be a O ora O shape, respectively, and, for a
slanting stroke, it will be a @ or 2 shape, respectively. Combining the radius of
contact area and the ellipse orientation, we can achieve some special properties of the
Chinese calligraphy, especially on the*start or the'end of each stroke. In this way, all

kinds of stroke type can be generated. Figure 4.3 shows some examples.

Haorizontal
ctroke

Yertical
U

L O
Stroke with

different size e
B
of contact area e

Figure 4.3 The changes of the ellipsoid contact area in the
size and the orientation.
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In the stroke profile, we apply the radius and orientation parameters to specify the
stroke shape. The format consists of several data, including the percentage range on a
stroke, the deviation degree in this range, the ellipse radius and orientation specifying
the brush drops on this range. If the better result of stroke is preferred, the percentage
range should be narrowed. Therefore, we can describe the stroke detail more

explicitly in each range.

4.2 Stroke Type Classification

Before the progress entering the expert systems, first we should know which
kind of form the result would be presented after inference. In other words, the best
stroke type is chosen for the appearance of the stroke each time. This work is done by
the stroke type classification, the third module in the system structure as shown in
Figure 4.1.

In the classification of the Chinese characters stroke (that we referred to is the
regular script, Kai, which we are going to synthesize here), the most famous one is the
eight-laws of character ‘yong’ (-%). It is the basic rule of writing in Chinese
calligraphy and is extremely important for beginners. People who want to write

calligraphic characters well should learn it first.

23



The eight-laws of character ‘yong’ contains: (1) spot (%ﬂm’ﬂ']), (2) horizontal
stroke (dfﬁ,ﬁ‘iﬂ), (3) vertical stroke (f&,%%), (4) rise suddenly (Z,i#), (5) horizontally
rise stroke ([T]]Eﬁ,fq), (6) long left-falling stroke (==##:#1), (7) short left-falling stroke

(#4P%), and (8) right-falling stroke (+7,%). Figure 4.4 shows it.

1

31

Figure 4.4 The eight-laws of character ‘yong’ (-Xx & ~ ;).

We apply the concept of the eight-laws of character ‘yong’ into the calligraphy
system. For the purpose of imitating the calligraphy written by Yan, we made some
revision on the eight-laws and rearrange the strokes of Chinese characters following
the taxonomy of [1]. By the classifying rules, the stroke categories are modified to (A)
horizontal stroke (ﬁi&), (B) vertical stroke (f&), (C) left-falling stroke (¥#%), (D)
right-falling stroke (}%), (E) spot (Eﬁﬁ (F) rise (%), (G) arc (%), and (H) long-arc

(2). And these eight kinds of stroke all have eight kinds of writing style, respectively.

24



At the same time, in order to let the strokes more suitable for our system, some
of the writing styles of certain stroke are added, and some are deleted. We also
simplify all strokes to one direction since the system load can be lowered in this way
(with the concept of the eight-law of the character ‘yong’). The final version of the

stroke set is showed in Figure 4.5.

4.2.1 Naming

According to the stroke types, we can design each stroke style by setting the
parameters of stroke profile with:the stroke model discussed in Section 4.1. As noted
previously, the purpose of the-stroke type classification is offering choice as the
inference result in the system. So we!should 'name the strokes properly. The naming
rules comprise three components, which are the main type classification, secondary
type classification, and the inference classification. We can see more clearly in
Section 4.3. For example, “Ala” stands for a stroke in which ‘A’ means the horizontal
stroke, the first type in stroke type classification; ‘1’ means the 1* kind of ‘A’ type;
and ‘a’ indicate the choice ‘a’ of ‘Al’ type after the inference of expert system. The

naming is also shown in Figure 4.5.

25



Figure 4.5 The name and classification of strokes for Yan’s style.
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4.3 System Progress: Two Phases

When stroke model and classification of stroke types both are ready, we can
enter the main decision mechanism in the system. There are two phases in the
progress. The first phase is the classification by direction. In this part, system will
make the preliminary categorization. This includes the main type classification and
the secondary type classification that has already been discussed in Section 4.2.1.
Through this phase, stroke will get the first two symbols of its name, for example, Al
or E1. This phase is executed in the C++ environment and it belongs to the first
module in the system structure as:shawn in Figure 4:1.

Then in the second phase,“we will'choose more suitable style for every kind of
stroke. Via the inference of the expert system, stroke will get the last symbol of its
name. This stroke appears with the description of its profile finally. This phase is
executed in the JAVA environment and it belongs to both the second and the third

module in the system structure as shown in Figure 4.1.

27



4.3.1 Phase 1: Classify by Direction

When a stroke is written (it means the trajectory not been dealt with yet), it
contains a lot of information immediately, such as the position on which the virtual
pen touches the paper, the length of the stroke, and the direction of the stroke, etc.
Among them, the obvious one is the direction. It dominates which type the current
stroke belongs to. The direction can be obtained via the stroke slope and the relative
relation of the start and end points in a stroke.

Figure 4.6 shows the direction graph describing the length and the slope of
strokes. Because the paper size<in our system-is 400:x 400 pixels, each stroke ranges
from 0 pixels to 400,/ 2 pixels. The centerpointin Figure 4.6 stands for the start point
of one stroke. With the direction of it, the stroke ends in one range of certain stroke
type. From now, we can classify strokes by this graph.

The classification can proceed from inside to outside. First we compare the
current stroke and the strokes with short length, is that, E1, E2, E3, and E4, which are
independent to each other and the length of them are about 40 to 60 pixels at most.
The “independent’ here means the range of them doesn’t overlap those of the others.
In more detail, the range of E1 is 0 to 60 pixels with slope from -3 to -1, and 0 to 80

pixels with slope from -1 to —0.1. The range of E2 is 0 to 60 pixels with slope from 2
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to oo and from -oo to —3. E3 and E4 can be described in the same way.

If this stroke does not match these types above, we compare it with the strokes

that have the longer length about 60 to 120 pixels at most, such as F1, F2, F3, F4, and

F5. If the current stroke still not matches those ones, it will be compared with the

longest ones about 400 or more pixels at most that are C1, C2, C3, G1, B1, B2, H1,

D1, and Al finally.

Another important decision factor can be used to categorize the stroke, which is

the deviation of it. We can see that the ranges of C1, C2 and C3 overlap to each other

in Figure 4.6. The same situation also takes place in B1 and G1, H1 and B2, and D1

and B2. The stroke cannot be classified just-with the slope between the starting and

ending points of it here. But with the stroke deviation, we can achieve this goal. For

example, the comparison of deviation among C1 and C2 and C3 is C1<C2<C3; the

comparison of deviation between B1 and G1 is B1<G1; the shape of stroke B2 is like

a right angle but that of stroke D1 and H1 are not (that the shape also influence the

deviation). Finally, the directional classification is done and each stroke has the first

two symbols of its name now.
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Figure 4.6 Direction graph with length (in pixels) and slope
for stroke classification in the first phase for Yan’s style.
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4.3.2 Phase 2: Classify by Relationship

After the directional classification, the first two symbols in the name of the
current stroke can be determined. Then, getting the third symbol would be taken as
our goal that can be done by the relationship between the current stroke and the other
strokes in a character. There are two components in this phase, including the

definition of attribute set and rules designed.

4.3.2.1 Attribute Set

As stated before, when a stroke is written, it gets a lot of information
immediately. We used the direction and length as the criterion to determine which
kind of type a stroke belongs “to. Here, more .information of one stroke will be
gathered and used to do inference in expert system.

We define the attribute set for each stroke. It has five subsets: The first one states
the input information before entering inference engine; The second subset is the
information about stroke coordinate, including the x/y coordinates of the starting and
ending points; The third subset is the global information about the current character;
The fourth subset is the local information about every stroke; And the last one is the
information of relationship between strokes. The more detailed descriptions are

enumerated in Appendix.
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4.3.2.2 Rules Design

Rules design is the most central part in the whole calligraphy system. It is the
third module in the system structure as shown in figure 4.1. The quality of it will
influence the appearing of the last result. We use DRAMA as our development
platform to design complete and perfect rules.

Rules design for calligraphy follows some principles:

1. Classify the stroke by the number of strokes in a character. In most
cases, stroke in a character with larger number of strokes will appear in a
narrower width. On the contrary; the one-with less number of strokes will
appear in a wider width. Hence, the.number of strokes in a character is
considered importantly.

2. Classify the stroke by the start and end position. Except for the usage
in the classification by direction, the start and end position are also
important for inference. By the concept of “nine-grid” (*}uﬂffﬁ) in
Chinese calligraphy, the location of the stroke head and stroke tail can be
analyzed definitely. So the stroke style will be determined appropriately.

3. Classify the stroke by its length. The different stroke length in the same

stroke type may cause different styles. For example, the stroke in type
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“Al” can be assigned the style “Alb” for the longer length, to show the
main part of the character. However, “Alg” may be the better style for
the shorter stroke, which is like a supporting role in a word. The example
is shown in Figure 4.7 (a).

Classify the stroke by its stroke-number order in the word. For
example, if the stroke “spot” (E1) is written at the first stroke-number
order, it often demonstrates the imposing manner at the beginning of a
character as style “El1a”. If it is not the first one, it may be comparatively
appropriate to behavery'with style:“E1b”. Figure 4.7 (b) shows the
difference between:-the two styles:

Classify the stroke:by the order among strokes. The most common
example is the radical “4 ”. In contains the strokes “Al”, “Al1”, “C2”,
“B1” and “E1” in order. By this specific regular order, the style for each
stroke can be determined easily as shown in Figure 4.7 (c).

Classify the stroke by the overlap among strokes. If the left side is not
overlapped with another stroke but the right side is, the stroke “Al”

probably appear in style “Ald”; on the contrary, it may be appear in style

“Ale”. This situation is shown in Figure 4.7 (d).

33



| 'l A "’;‘:
/)57
: .é‘/ o
(a) (b)
NG/ okt N N
ST)) = < | |f‘”
\B) Lif == A i | &2
= ]| |
—— — ) ;_,.J | J____:-"'“:-.I
q” </t\') I II
I
() (d)

Figure 4.7 Examples for the principles of rule design. (a)
length, (b) stroke-number_order, (c) strokes-order relation,

and (d) stroke overlap:”

In rules design, we can follow" the principles singly, or follow them in a

compound way. In other words, the rules can be designed with two or more principles

at the same time. For example, if the right-falling stroke begins at the left-lower grid

(in Chinese “nine-grid”) and ends at the right-lower grid, its style may be “D1c” or

“D1d” according to principle 2 (describing the start or end position of the stroke). If

we consider principle 1 simultaneously, the right-falling stroke in a character with

more stroke number is more suited with style “D1d” that is narrower in width but not

“D1c” that is wider in width. We can see the difference in Figure 4.8.
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Figure 4.8 Example for the compound principle about
stroke position and number of strokes.

With the compound of princi‘ples,”rules ‘éa“h*bﬁe made up freely. For example, the

. b A, ) ". .
pattern “— ” often appears in a lot of characters: It-comprises four strokes that are

1

“B1”, “Al”, “B1” and “Al” in"order“."‘IH?Yéﬁr’é ét)}_le, sometimes the starting point of
the first stroke “B1” is overlapped With‘ anotHér stroke, but sometimes it is not. We do
not define this characteristic. But the ending point of it is overlapped with the start
position of the fourth stroke “Al”. Besides, the pattern “ ” makes the first stroke
“B1” followed by the strokes “Al” and “B1”. The order is also considered in this
situation. By this way, these four strokes may be matched with the styles “Ble”,
“Alg”, “B1f” and “Alf”.

Finally, all rules for inference in calligraphy system are set completely in the

same way. We will reserve these rules in Appendix in detail.
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Each stroke is assigned a specific style after two main classifications (by

direction and by relation). With the stroke model mentioned in the beginning of this

chapter, every stroke can be drawn clearly on the paper. All strokes are combined to

form a character. According to rules made for Yan, this character will be generated in

Yan’s style at last. And the work of the calligraphy system is done.
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Chapter 5

Experimental Results

The implemental results of our proposed system are presented in this chapter.
The system is written in both C++ language with OpenGL API and JAVA language
with JAVA-based DRAMA API on:the PC platform with an AMD 1.4GHz CPU and

256 MB RAM.
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The system provides a convenient user interface as shown in Figure 5.1. The

upper left part is the DRAMA server which have full knowledge base and provide

service for intelligent decisions. The upper right part is the inference engine which

handle the whole inference procedure. Below are three calligraphy 1/0. The left one

shows the original copybook of calligraphy written by Yan. The right one shows the

trajectories of all strokes we wrote by imitating the left one. The middle one shows

the final result with all stroke styles representing the stroke trajectories.

kel
114 Head¥=126 TailX=254 Taily=73
Length=149 Nth= 1

=197 Taily=151
h= 99 Nth= 2

6 ailX=182 Tail¥=358
2 Length=212 Nth= 3

ailX=146 Tail¥=319
1 Length= 58 Nth= 4

? TailX=383 Tail¥=179
Length=241 Nth= 5

BT [ ooy

Figure 5.1 User interface. The upper left part is DRAMA server and upper
right part is inference engine. Below are three 1/0O for original copybook
(left) and the result we generate (middle) and the corresponding trajectories

]

(right). The demonstrating example here is an Chinese character *= ’.
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Figure 5.2 shows the synthesis of the character ‘yong’ (-%). Left is the reference

copybook of it. Right is the generated result of our system and we attach the

corresponding stroke styles on it.

=l0jx]

\ 3

Ald

C2a

Figure 5.2 The synthesis of character ‘yong’ (-) with all stroke styles.
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Figure 5.3 shows the synthesis of several characters and the corresponding

trajectories with stroke styles.

=

C1 Cilb
F3a
B2a
Bid

=IBix|

Alf

Figure 5.3 Synthesis of several characters in [1].

40



Figure 5.4 shows synthesis of other characters. Left is the original copybook of them.

Right is the generated results from our calligraphy system.

281z

=0l x

=101 %

Figure 5.4 Synthesis of several characters in [1].
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Figure 5.5 shows the synthesis of one-page copybook which contains about 15
characters with some stamps. Left is the original one. Right is the generated result.

Figure 5.5 Synthesis of one-page calligraphic copybook [3].
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Figure 5.6 shows another result of one-page synthesis of calligraphic copybook.

Figure 5.6 Synthesis of another one-page calligraphic copybook [3].
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Chapter 6

Conclusions & Future Works

In this thesis, we propose a knowledge-based system for Chinese calligraphy
synthesis. Users can generate calligraphic characters in Yan’s style by imitating his
calligraphic copybook, which are completed by tracing the stroke trajectories only and
users don’t have to be familiar with the Chinese calligraphy art.

There are five modules in “our. proposed system which are considered as the
system procedures in order. The first one is stroke analysis for analyzing every stroke
to classify the stroke type. The second module determines the relationships among all
strokes and sets attributes of them. Then, stroke styles are determined in the third
module, which uses an expert system, DRAMA, as inference engine. In the fourth
module, system collects the stroke style once a time. Finally, the fifth module forms a
calligraphic character by all the strokes with their specific styles, and the character

will appear in Yan’s Kai style.
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The main feature of this calligraphy system is the integration of computer
graphics and knowledge engineering. With computer graphics, the graphical behavior
of calligraphy can be presented in the virtual world. With knowledge engineering, the
aesthetic calligraphic characters in Yan’s style can be generated intelligently. We

combine these two different fields in computer science to achieve better results.

However, there are several topics for further research:

1. Our system focuses on synthesizing Yan’s Kai style. The expansion of this
system can be done by imitating other famous calligraphers’ styles, such as
Liu Gong-Quan(f]] - ##) ‘and Qi.Bai-Shi¢F% [ 17 ). Modifying the stroke
profiles and inferencerules can achieve this-goal.

2. Although the classification._method.is* fine, wrong decisions are made
sometimes. The influence factors include the size of copybook, the clarity of
copybook, and the writing styles of calligraphers in different mood. We
should handle these exceptions to increase system accuracy.

3. The proposed system is a semi-automatic one. Users generate calligraphic
characters in Yan’s style by tracking stroke trajectories of his calligraphic
copybook for imitating. Further more, we hope to improve the system to let
users write characters freely, not limited to the trajectories. This work can be

done by modifying the whole rule structure.
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Appendix —

Inference Rules in Grid

The attribute set has 5 subsets:

1. The first set contains just one attribute. INPUT: the first two symbols of the stroke
name.

2. The second subset is the information about stroke coordinate. HEADX, HEADY,
TAILX and TAILY: representing the X coordinate of the start point, y coordinate
of the start point, x coordinate of the‘end point and y coordinate of the end point in
one stroke, respectively.

3. The third subset is the global information about the current character. STRKN
represents the total number of strokes in this character. MAXX is the length in the
direction parallel to x-axis that is the longest one among all strokes. MAXY is the
length in the direction parallel to y-axis that is the longest one among all strokes.

4. The fourth subset is the local information about every stroke. NTH means the
writing order of the stroke in the character. LENGX means the length in
x-direction. LENGY means the length in y-direction.

5. The fifth subset is the information of relationship between strokes. HEAD and
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TAIL state which stroke the current stroke touches, and in what part it touches.

BEFORE1, NEXT1, BEFOREZ2, and NEXT2 representing the last stroke, the

next stroke, the stroke before the last one, and the stroke next to the next one,

respectively.
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