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Abstract— This paper describes the modeling of Chinese
character written in ancient style and its application in Chinese
character calligraphy robot (CCC robot). First, the image of
Chinese character written in ancient style is thinned. Chinese
character skeleton is detected from the thinned image. Then the
skeleton is modeled by B-splines. Finally, the model of the
Chinese character is used to control CCC robot to perform the
ancient style Chinese character calligraphy. The experiment
results show that the ancient style Chinese character is modeled
precisely and the model is useful for CCC robot to perform
ancient style Chinese character calligraphy.

Index Terms—Character image skeleton, B-spline, Chinese
character calligraphy (CCC), CCC robot, writing brush
trajectory control

1. INTRODUCTION

HIS paper describes the modeling of ancient style

Chinese character calligraphy, and its application in
Chinese character calligraphy robot (CCC robot). Chinese
character calligraphy has more than four thousand years’
history. Nowadays, it is also becoming popular in east and
south-east Asian countries. Generally, Chinese character
calligraphy can be roughly classified into five styles, which
are block, angular, ancient, semi-cursive and cursive style, as
shown in Fig. 1. Different styles need different skills to write
and to arrange every stroke. Usually, people have to keep
training and practising for several to tens of years to reach a
good level of Chinese character calligraphy. There are many
skills involved in Chinese character calligraphy. A good
calligrapher combines these skills adroitly. The
representative skills are: (i) writing brush pressure, (ii)
writing brush speed, and (iii) writing brush rotation angle. By
pressing the writing brush heavily, the calligrapher can
produce a thick stroke. By moving the writing brush quickly,
the calligrapher can write a blurred stroke. By rotating the
writing brush, the calligrapher can form a smooth part of a
stroke. The goal of this research is to teach the skills of
Chinese character calligraphy to the robot, and in turn, have
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the robot teach the beginner calligraphy skills, in order to
preserve the character calligraphy culture. How to extract the
trajectory from the block style Chinese character image and
how to control CCC robot to perform the block style
calligraphy is described in [1]. This work focuses on how to
teach CCC robot to perform ancient style Chinese character
calligraphy. The ancient style Chinese character calligraphy
can be roughly classified into (1) DAZHUAN - the ancient
style of calligraphy, current in the Zhou Dynasty (B.C. 11th
century — 256 B.C.), and (2) XIAOZHUAN - the ancient
style of calligraphy in the Qin Dynasty (221 — 207 B.C.) for
the purpose of standardizing the script [2]. Inscriptions on
bones or tortoise shells of Shang Dynasty (B.C. 16th — 11th
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Fig 1. Five different writing styles of the Chinese character for "bird"; (a)
block, (b) angular, (c) ancient, (d) semi-cursive, (e) cursive.
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Fig. 2. DAZHUAN: (a) Inscriptions on bones, (b) inscriptions on ancient
bronze objects. XIAOZHUAN: (c) A piece of artwork of famous calligrapher
named Zhao Zhi Qian, in the QING Dynasty.
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century B.C.) and inscriptions on ancient bronze objects
belong to the first category. The ancient style Chinese
character calligraphy after the Qin Dynasty belongs to the
second category. Nowadays the ancient style of calligraphy is
mainly used in artwork or seals. Fig.2 (a) and (b) show two
examples of DAZHUAN, (c) an example of XIAOZHUAN, a
piece of artwork of famous calligrapher named Zhao Zhi Qian,
in the Qing Dynasty. This paper limits to discuss how to teach
XIAOZHUAN calligraphy skill to CCC robot, and in turn,
have CCC robot teach the beginner XIAOZHUAN
calligraphy skills. First, the system detects the skeleton from
the input image of the ancient style Chinese character. Then
the skeleton of the Chinese character is modeled by B-splines.
This model is used to control the CCC robot to perform the
ancient style calligraphy. In the following, the Chinese
character calligraphy is simply called calligraphy, and
ancient style of calligraphy means XIAOZHUAN, if no
confusion or emphasis.

Trajector
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Fig. 3. The start, end, and trajectory of the writing brush in ancient style
calligraphy. (a) Horizontal stroke, (b) corner stroke, (c) angular arc, (d)
semi-circle arc.

II. MODELING OF ANCIENT-STYLE CHINESE
CHARACTER

A. Fundamental Knowledge in Ancient Style Calligraphy

1) Start and End of the Stroke

Both the start and end of the stroke in ancient style
calligraphy are round. To get this shape the tip of the writing
brush is controlled to make a semi-circle movement. Fig. 2 (a)
shows a horizontal stroke. At its start, the writing brush is
moved to the left a little away, then is turned to the right, and
then is moved to the end. At its end, the writing brush is
moved to the right a little away, and then is turned to the left.

2) Movement of Writing Brush

In ancient style calligraphy, the writing brush is controlled
to move from the start to the end without any stop. The tip of
the writing brush passes the center of the stroke, as shown by
the red lines in Fig. 3. Because there is no stop from the start
to the end, the stroke has almost same width.

3)Dot Stroke

Dot stroke is rarely used independently in ancient style
calligraphy. Generally, the dot stroke is used to connect the
next stroke. In many cases, the dot stroke is written as a short
horizontal stroke in which the start, end, and movement of the
writing brush are the same as described in 1) and 2). Only in
the case to write an independent dot stroke, the dot is written
according to the rule for dot stroke writing. In this case, the
writing brush is controlled to start from the center, and is
inclined to left, and then is turned around counterclockwise
until the dot is made.

4) Arc Stroke
In ancient style calligraphy, the arc stroke is the most
frequently used stroke, and it has a lot of variations such as

(c) (d)
Fig. 4. (a) Original character image for “moon”, (b) Thinned image for
the input image in (a), (c) writing order shown by x- and y-coordinates,
(d) skeleton shown by the x- and y-coordinates detected from the
thinned image.

angular arc, semi-circular arc, circular arc, and squarish arc,
and so on. Fig. 3 (c) shows an angular stroke written by using
two strokes. The first stroke starts at top, then moves to the
left bottom, and then turns to right and then up slightly, and
stops. The second stroke starts at the same position of the
previous stroke, and then moves to the right bottom, and then
turns to left and then up slightly, and stops. The joint point is
at the top of the arc. Fig. 3 (d) shows a semi-circular curve



written by using the same rule. The joint point appears at the
bottom of the arc. As shown in Fig. 3 (c) and (d), arc strokes
are symmetric, and width along the arc is almost same.

The above knowledge is employed in CCC robot to perform
the ancient style calligraphy.

B. Character Image Skeleton and Writing Order

For a given character image, there are two problems that
must be solved to let CCC robot write this character. The first
problem is the shape of the stroke. And the second is the
writing order, i.e., how to arrange strokes to construct the
character. The shape of a stroke exists in the image, and can
be detected from the input image. The writing order must be
given because CCC robot does not know which stroke should

Skeleton image
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Fig. 5 (a) a thinned stroke and its writing order, (b) the skeleton of the
stroke in (a) represented by the coordinates, (c¢) B-spline model of the
skeleton coordinates in Fig. 4 (d).
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Fig. 6 Two types of arcs in ancient style calligraphy. (a) C-type arc, (b)
S-type arc.

be written first.

1) Character Skeleton

Character skeleton can be obtained by applying the
thinning operation to the input image [3]. Fig. 4 (a) shows the
input character image for “moon”, and (b) shows the skeleton
image after being thinned. This skeleton cannot be applied to
CCC robot to perform calligraphy because it is still image.

2) Writing Order Dictionary (WOD)

To control CCC robot to do calligraphy work, it is
necessary to convert the skeleton image into a set of x- and
y-coordinates in order. Therefore the WOD is needed. The
WOD is constructed based on the points of the folded-line as

shown in Fig.4 (c), which are assigned in coordinate system

XOY. The fields of the WOD are as follows.

(i) Code: Chinese character code, two bytes.

(i1) Style: one byte, 0, 1, ..., 4 for ancient, angular, block,
semi-cursive style, and cursive, respectively, and 5 for all
styles.

(iii) Ratio: one byte. To keep the original character shape, the
ratio H/W is necessary. To be able to record this ratio with
one byte, the integer H/W X 100 is used.

(iv) Length: two bytes, length of the folded-line, that is, the
number of points in the coordinate system XOY.

(v) Points: x- and y-coordinates of points in XOY. Each point
takes 4 bytes. Therefore, the size of a record is 8+
LengthX 4 bytes.

The points of the folded-line are assigned in such a way
that they almost lie on the center of the stroke section. The
total number of the points is arbitrary. The end of a stroke is
marked with a point whose x- and y-coordinates are both —1.

3) Detection of Skeleton Coordinates

To express the thinned image by the coordinates in the
coordinate system XOY, a searching procedure is necessary.
Let us employ Fig. 5 (a) and (b) to explain this searching
procedure. In Fig. 5 (a), two points, P; and P;, represent the
writing order of the stroke. The searching is performed along
the reference line, L,, which is determined by these two points
and is shown by white and blue dotted line. Z, is a line passing
(x,, ) on L, and is perpendicular to L,. The coordinates of the
point deviated d dots from L, is given by

(1.a)
(1.b)

where (x,,, y) lies on the right side of PP, in case that x,,

takes “+” and y,, “-”, and (x,,, y,») on the left side of PP, in

[73R2)

case that x,, takes and y,, “+”, when tracing frm P; to P,
The searching is performed in the range of 0<d< dr. If the
pixel at (x,, y,) is white, i.e., it falls on the thinned image
pattern, it is thought of as a dot of the skeleton image. If such
point cannot be determined when d changes in the range of [0,
dr], the searching procedure fails, and x,, and y,, are given a
value “-1”. This processing is done for all points on L, from P;
to P. Then the skeletonized stroke is obtained as shown in
Fig. 5 (b).

For the character image in Fig. 4 (a), its skeleton
coordinates are shown in Fig. 4 (d). It is worth to note that the
start point and end point of a stroke in WOD is used as the
start point and end point of the skeleton coordinates of the
corresponding stroke, respectively. This attempts to remedy
the shrinkage of the stroke caused by thinning operation (see
shrinkage in Fig. 4 (b)).



Fig. 7 Prototype of CCC robot.
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Fig 8. (a) Default position of the painting brush; (b) The position that the
painting brush just touches the paper; (c) The shape of the tip of the
painting brush at width d.

C. Modeling of Character Skeleton

The curve represented by the skeleton coordinates contains
glitching because of intersections among the strokes. And
also, this curve contains too many points. If all these point are
used to control the CCC robot, it will affect the CCC robot
performance (the movement becomes slow). Therefore, the
B-spline fitting is employed to model the stroke in ancient
style calligraphy. The following, firstly, introduce B-spline
fitting in general, and then explain how to use B-spline fitting
techniques for ancient style writing.

For the control points P’; (j = 1, ..., 4), B-spline curve
determined by these control points is calculated [4] [5]. This
B-spline is considered as the 2D trajectory of the writing
brush. In detail, B-spline curve is obtained according to

Xim ()= Z'x;BH/‘,mH ), (2.a)
=0

Vim =2 VB () (2.b)
=0

and

t- g, P
Bi,k (t) = 1 Bi,K—l (t) + LBHI,K—I (t)
k-1 Qi —49ia

(3.2)

1 <t<q,
Bi,l (t):{ (ql ql+l) (3b)
0 (t<gq,, t24,,)
and
90 =4 =--=9un =0,
Iy =qnu = =Gy 1omn =0, 4)
qi+m+l :l+m/2 (120515 [RRE) N'm'l) (5)

where xi’ and y: are coordinates of the control points,

X, () and y,, (¢f) are coordinates of the points on

B-spline curve, m is the degree of B-spline, and N is the
number of the control points, i.e., knots for B-spline. Note
that the number of the points on B-spline curve is M = NxK+1,
where K is the number of division between two control points.
Hereafter, the point on B-spline curve (node points) is
denoted by O; (j =0, ..., M-1).

However, the fitting curve obtained in this way is always
in the interior of the partial conve hull determined by the
control points. And if the nubmer of control points is not
enough, the fitting curve will deviate from the original fold
curve. This can be improved (i) by increasing the number of
the control points or (ii) by separating the character skeleton
into several portions and fitting each portion indivisually.
Keeping this in mind, let us explain the curve fitting for
specific strokes.

1) Dot Stroke, Horizontal Stroke, and Vertical Stroke

In ancient style calligraphy, the dot stroke is usually
replaced by short horizontal stroke or vertical stroke. The
horizontal stroke may be bent slightly or may be written
slantly. This is also true to the vertical stroke. These strokes
can be modeled according to egs. (2) to (5).

2) Arc Stroke

The arc strokes are complicated and play an important role
in ancient style calligraphy. They can be classified into two
types, C-type and S-type arc, as shown in Fig. 6 (a) and (b),
respectively. These two types of arcs can be identified by the
following method. For a given arc (represented by skeleton
points), tracing the skeleton from the start point Py(x,, y;) to
the end point P.(x,, y.), if all skeleton points lie on the same
side of the reference line Ly that passes Py(xy, ;) and P(x,,
Ve), it is a C-type arc; if the skeleton points lies on both side of
the reference line Lg, it is a S-type arc.

For a C-type arc, the point P,,(x,,, V) is detected. P,,(X,., Vi)
is the point whose distance to line Ly is maximal, that is,

By =max{ hy, hyigy ooy Biy ooy Be } (6)
where

— |xi(ys _ye)+yi(xe_xs)+ys(xs _xe)+xs(ye_ys)|
\/(xs _xe)z +(ys _ye)z

h

i

(7
where (x;, y5) and (x,, y.) are coordinates of the start point P
and end point P,, respectively, and (x;, y;) are coordinates of



i-th point when tracing from P; to
skeleton.

The points at s+x(m-s) and e-x(e-m) are selected as the
separation points where 4 is the weighting coefficient in
range [0, 1]. Let P; and P, represent these two points, then the
entire arc can be separated into arc P,P;, P,;P,, and P,P,, as
shown in Fig. 6 (a). Each of them is fitted by B-spline
according to egs. (2) to (5).

For a S-type arc, the point P.(x,, y,) and P(x;, y;) are
detected. P,.(x,, y,) is the point whose distance to line Ly is
maximal among the points on right side of Lg. Pi(x;, y;) is the
point whose distance to line Lg is maximal among the points
on left side of Lp. The distance to Lz can be calculated
according to eq. (7). The intersection point P,(x,, y,) between
the skeleton and line Ly is also detected. P,, P,, and P, are
chosen as the separation point. The entire arc is separated into
partial arc P,P,, P,P,, P,P, and P/P,, as shown in Fig. 6 (b).
Each of them is fitted by B-spline according to eqgs. (2) to (5).

Fig.5 (c) shows the model of the skeleton in Fig.4 (d). This
model can be used to control CCC robot to perform the
ancient style calligraphy.

P, along the stroke

III. ROBOT CALLIGRAPHY

The model of the character image is used to control the
CCC robot to do the ancient style calligraphy. The ancient
style calligraphy is very difficult and complicated. It contains
both physical factors and emotional factors. The physical
factors are latent in the shape of the Chinese character. The
emotional factors change upon the emotion of the
calligrapher, and there are a lot of variations. Here we limit to
discuss the realization of the physical factors in general case,
i.e., the calligrapher is with calm emotion. The physical
factors are as follows: the start and the end of every stroke, the
route through which the writing brush will pass, and so on.
However, the basic operation is to control the writing brush
move on the paper and control the pressure to the painting
brush. This can be robotized as the problem to generate the
3D trajectory of the writing brush in the robot coordinate
system Zg. Let P(x, y, z) express a point on the 3D trajectory
of the writing brush. The change of z-coordinate means the
change of the pressure to the painting brush, and x- and
y-coordinates form a 2D trajectory of the writing brush in
XY-plane. If this plane is set on the painting table as shown in
Fig.7, the robot hand holding a writing brush will write the
character on the paper that is placed on the writing table,
when it is controlled to move along the 2D trajectory in
xy-plane. Fig.7 shows the prototype of CCC robot system,
which consists of (a) robot arm, (b) robot hand, (c) writing
brush, (d) writing brush holder, (e) Chinese ink holder, (f)
painting table, and (g) system controller. As shown in Fig. 7,
X is a right-hand Cartesian coordinate system. The area for
CCC robot writing is lied on XY-plane in Xz, and is
determined by P;(xp, yg, 0) and Py(xg+Tx, yr-Tr, 0), where Ty
is size of the writing area. The centre of the writing area is
given by (xz+7x/2, yr-Tr/2, 0).

1) Writing Pressure Control

The control of the pressure to the writing brush is, in fact,
to control the thickness of the writing. This is realized by
controlling z-coordinates of the writing brush. After taking
the ink, the writing brush is moved to its default position
Py(x4, va, za), where x; and y, represent the center of the
writing area.

At the default position, the distance from the tip of the
writing brush head to the paper is z, as shown in Fig.8 (a).
The z-coordinate of the writing brush is controlled in the
range of z; - d;, 10 24 - dpay, Where d,,;, is the distance that the
writing brush is moved downward along -Z axis so that the tip
of the writing brush head just touches the paper, as shown in
Fig.8 (b), and d,,,, is the length of the writing brush head. Let
d denote the distance that the writing brush is moved
downward from its default position along -Z axis, which is
called width of the stroke, and d,,;,< d < d,,... Further, let us
introduce d, = d/F,, and d, = d/F), (F\ and F), are constant ratios
to d), which are used to control the painting of the start and
end of the element. When the writing brush is moved from
(xg-2dy, yatdy, zg-dyin) to (xs+2dy, ya-d,, z4-1.1d), the tip of the
writing brush is in the shape as shown in Fig.8 (c). Then it is
moved to (x4, ¥4 z4~d), and then it is controlled to write a
stroke. For ancient style calligraphy, d is set at d,q,.

2) Start of a Stroke

To make the start of a stroke be round shape, the writing
brush is started at Q, and moved to Qo, and then turned back.
The pressure and the trajectory are as follows.

Trajectory: Q{Xs Yo Za-Amin) = Qo(X0, Yo, za-d) = Qo(xo,
V0s Zd-Amin) = QX 5 Vs> za-d). Then the writing brush is moved
toward the P, (i.e. Qy) with the same pressure (Q; is the &th
point on skeleton from Ps).

It is worth to note that the change of z-coordinate means
the pressure control, Q; (j =0, ..., M) is the point on B-spline
curve.

3) End of a Stroke
As shown in Fig.9, when the center of the writing brush is
moved to the end point Oy, the tip of the writing brush is
behind the Oy, because the writing brush head is bent. So the
writing brush should be further moved to point Qg. The
coordinates of QO are calculated according to
_—dyxy s +(d +dy)xy

1
(8.2)
_=dyyy_at(d +dy)yy
YE = d
1
(8.b)

where d1=(|0y, 00|, da=d/5, and (xpr,, ¥ ar.,) and (xps, y ) are
coordinates of Qy, and Qy, respectively.



IV. EXPERIMENT RESULTS
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Fig.9 End point of a stroke.
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Fig. 10 Input Chinese character images and character calligraphy of CCC
robot. (a) two Chinese characters for “world”, (b) two Chinese characters
for “peace”, (c) and (d) CCC robot calligraphy for the characters in (a)
(b), respectively.

The whole system is implemented on Windows platform,
and the programming language is C++. The size of the writing
area Ty is set at 200 mm. The number of the control point
B-spline fitting of each partial curve is set at 10, and the
number of division between two control points is set at 3. The
weighting coefficient 4 for determining the separation point
P; and P, is set at 0.75. The values of d,;, and d,,, are
dependent on the length of the painting brush head. For the
present writing brush in use, they are 15 mm and 24 mm
respectively. ¢ for writing start is set at M/20 (M is the
skeleton length).The ratios to the width of the stroke, i.e., F,
and F), are set at 5. Fig. 10 shows some experiment results.
Fig. 10 (a) shows two Chinese characters for “world”, (b) two
Chinese characters for “peace”, (c) and (d) are the ancient
style characters for “world” and “peace”, respectively,
written by CCC robot.

V. CONCLUSION AND FUTURE WORKS

This paper describes the modelling of the ancient style
Chinese character and its application to CCC robot. With the
modeling information, CCC robot can perform the ancient
style calligraphy.

The direct application of this system is the design and
printing of signboards. However, the main purpose of this

research is to preserve and develop the character calligraphy
culture. Nowadays, with the spread of the computer word
processor, such as Word, Ichitaro, and so on, more and more
people get used to them and do not like to write characters
even by pen or pencil, not to mention the writing brush.
Therefore, the number of competent calligraphers decreases
dramatically. If this situation continues for several decades,
the character calligraphy culture may face the crisis of
extinction. If the robot can master all the skills of a
professional calligrapher, it can do creative jobs such as
making new works of art. Further, the robot can instruct
people in the study of calligraphy. In this way, the robot can
preserve and develop the character calligraphy culture. This is
the final goal we are working toward.
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