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Abstract—We present an approach to creating Chinese
calligraphy with particular style from learning author’'s
written works automatically. Our first contribution is a
method to represent Chinese character topology via fuzzy
relative position. Our second contribution is an algorithm to
take topological features as features fed into the evaluation
model, which is a decision tree algorithm. Our third
contribution is an algorithm of heuristic search in the
optimization glyph phase. To improve the converge speed,
we introduce hypothesis testing and the decay function of
transformation amplitude. The experiments demonstrate
our algorithm can obtain the similar style Chinese
calligraphy with training samples.

Index Terms—Calligraphy, Creation, Evaluation artistic
style

I. INTRODUCTION

Chinese calligraphy is a particular traditional art form.
In recent years, the automatic creation calligraphy
becomes a new research hotspot through the computer in
Al. However, there exist few characters that represent a
distinctive style of a given calligraphist. If we can
synthesize the similar style glyph by learning from the
written works (i.e. generation a large-scale character set
via the small-scale), we will obtain more Chinese
calligraphy characters. The technique can be potentially
applied in many fields like expanding font library,
repairing ancient works, designing multimedia, etc. Thus,
it is meaningful to inherit and protect culture heritage.

Chinese characters derived from pictographs, which
evolved over time into symbols, many basic features
recur in different Chinese characters. To take advantage
of this redundancy, we extract stokes from author’s works
reassemble these “components” according to the style.

Most work on computerized calligraphic handwriting
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synthesis has focused on English, Lartin or Japanese
characters [1-5]. Automatic generating Chinese
calligraphic writing is particularly challenging because
the Chinese character set is many times larger than those
and the writing styles are much more diversified owing to
the complexity of character composition.

The synthesis of Chinese characters can be grouped
into two categories: The first one is based on the
analogous reasoning method [6-9] in which the
corresponding point or topology between samples is
matched and a character with new style is generated by
weighted average in these corresponding components.
This method depends heavily on many samples to the
same character and non-rigid point matching is also a
thorny issue for pattern recognition. The results are
similar to the samples. The second category involves
rule-based method using which we reconstruct a new
style character by some rules. For the complexity of
Chinese character, only several rules are incomplete to
capture the style of Chinese character. In addition, some
researchers also substitute strokes for the trajectories
directly to synthesize Chinese calligraphy [10]. Their
work greatly depends on the user’s initial trajectories.

How to rationally represent the Chinese character
topology is key to synthesize calligraphy. Xu et al. [7, 9]
employ the overlapping between the bounding boxes of
two strokes to denote the character topology. Because
stroke shape can highly impact their spatial relationship,
the bounding box range is too big to subtly capture the
stroke layout. Low et al. [11] employ the distance
between the stroke end point and cross point to express
the Chinese character topology. They ignore that the
stroke area is also an important factor to the stroke
relationship. For instance, even the stroke area changed,
their spatial relationship may be invariant. However, we
can capture the difference via human vision. Lai et al. [12]
simply divided the Chinese character into the horizontal,
vertical and surrounding topology. In practice, even for
the same topology, their style may be different.
Furthermore, they didn’t consider the stroke relationship
in the radical.

In this paper, we present an example-based Chinese
calligraphy synthesis method using which we can
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overcome the above disadvantage. First we capture the
subtle topological changes using fuzzy relative position to
represent the character topology. Second, we evaluate the
topological style using decision tree. Third, we improve
the converge speed of object function through the testing
hypothesis and the decay function introduced in the
optimization process.

Fig. 1 demonstrates the overview of example-based
Chinese calligraphy synthesis. Given trajectories as input,
the system first retrievals strokes from stroke library by
recognition trajectories. By using fuzzy relative position
[13] to represent the spatial relations of strokes, we
extract feature vector in the glyph. This feature vector is
then fed into the optimization engine, which yields a
modified feature vector with a higher predicted score than
that of the original vector. Next, we readjust the strokes
in the glyph to generate the new character topology as
close as possible to the modified feature. Thus, we can
get a Chinese calligraphy character with special style.
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Figure 1. Example-based Chinese calligraphy synthesis.

II. STROKE RETRIEVAL BY TRAJECTORY RECOGNITION

Stroke glyphs scanned from ancient China’s
calligraphic works have incomplete edge due to corrosion.
Spline curves can be used to overcome the drawback, so
we can obtain the controlling points along stroke contours
interactively to fit the edges with B-spline curves. In
addition, automatic extraction stroke skeleton remains
difficult. Thus, we substitute the calligrapher’s trajectory
for the skeleton of stroke. By defining a one-to-one
mapping in the contour and trajectory, we can construct a
stroke library. The stroke consists of the contour
controlling points and trajectory (see Fig. 2). Given a
user’s trajectory, the system can retrieval the
corresponding contour. In the recognition trajectory phase,
we employ the HOG matching algorithm proposed by
[14].

III. REPRESENTING CHARACTER TOPOLOGY

Chinese character topology is viewed as the
relationship of strokes composed of Chinese character or
the layout of these strokes. Bloch et al. [13] proposed a
morphological and fuzzy pattern-matching approach in
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Figure 2. Representation the stroke by the trajectory and contour. (a) is a
part of stroke and corresponding to trajectory. (b) is original Chinese
character “god”, accommodating the trajectories and contours. (c) is

fitted by B-spline curves. (d) is filled by scan-line filling algorithm and

removed the controlling points of contours.

representing the relative position between two objects in
a fuzzy set framework. Inspired by them, we introduce
the arc length weighted function and the distance
weighted function based on the concept “possibility
degree” to represent the relationship between two strokes.
By the relationship between strokes, we can represent the
Chinese character topology. First, we define a function

@: [0, ] - [0,1]. (Eq. 1)
(@) = {cos2 (%),oc € [0,m]

0, otherwise
Given direction 8, reference stroke S, and point p, we

(D

compute the membership value for “ p is in direction 8 of
S.” by O(p, Sh g) (Eq. 2). For instance, if 0(p, S, 0) = 1,
p is to the east of S;.. If O(p, S;, 0) = 0, p is not to the east
of S;. If O(p, Sy, 0) = 0.5, the membership value that p is
to the east of S, is 0.5.

—- _ ﬁ.g
003 8) = mavs,fo (arecs ()} @

qp = argmaxges, {‘P <arCC°S <I§ﬁ)) } v

We construct a neighborhood N(qp, €) and take q,, as
center and € as radius, where € is a small positive number.
1(qp, ) is the arc length of N(qp, €) (simplified for l,).
The larger 1, is, the denser the point of N(qp, €) is. Thus,
qp has much more contribution to the membership value

for “p is in 8 direction”. In addition, when the pointp € S
and p € S have the same contribution to the membership
value for “stroke S is in 8 direction of stroke S.” by Eq. 2
and p, p satisfy |p_qp’| < |ﬁ|, where the point q, and g
are the corresponding point of p and p calculated by Eq. 2,
respectively, we think that the point p has more
contribution than p in the membership value for “stroke S
is in 8 direction of stroke S.”. This is accordance with the
phenomenon that most people pay more attention to the
near object than the far. To distinguish the above case, we
introduce distance weighted function defined as the Eq. 5.
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U)lr(p) \/_T[G ex ( po- 2 ) (4)
where 1, Zqi,qi_leN(qp,S)|ql—1q1|~
(Ip=d)?2
wa(p) = o exp(~ 0 )
where d, = |q,P].

Specially, when there are n points qp,q3, -, qp which
satisfy Eq.3. corresponding to point p, we have that

1 2
p= Wfqpesr(g_p),/ |p — ap|” d(qp), where

|Sr(§, p)| denotes the number of solutions by Eq. 3.

We have considered the point distribution in stroke S,.
Stroke S is irregular in many cases. Point distribution in
stroke S can affect highly the relationship between S and
Sr. So we introduce the arc length weighted function with
respect to the points in stroke S (Eq. 6).

oi(p) = o exp(— 225, ©)

where lp ~ Zqi,qi_leN(p,s)|q1—1q1|~

The relationship between stroke S and S, can be defined
as Eq. 7.

R(S1,S,8) = 15 foes @1, (P) @a (D)o (p)O(p, Sr, 8)dp, (7)
where [S|= ¢ o, (p) wa(p)(p)dp.

Let C be a Chinese character composed of stroke

S1, Sa,..., Sn- Its topology can be defined as:
R(S, S50 R(sl,sN,“‘)

Ti(C) = : (8)
RGSwS15) -~ RGw, S, =)

Here, we divide the space into A subspaces according to

2mi

angle ( Amod 4=0). {— }16{01 ,a—1} denotes referent

direction set and is dlstrlbuted in Cartesian plane evenly.

In practice, we replace the local arc length with the ratio
between the local neighborhood points and the contour
points. The distances are normalized by the square root of
the character’s bounding box area to make them invariant
of scale.

SrokeS Stroke S
Figure 3. The spatial relationship between two strokes.

IV. LEARNING STYLE

The aesthetic style of Chinese calligraphy, to a large
extent, is determined by the character topology. The
number of Chinese character is huge, in order to greatly
reduce the number of samples, inspired by Xu at el. [15],
we use the different features between the synthesis
Chinese calligraphy and the corresponding Kai font
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character as feature vector. In our work, decision tree as
evaluation model can avoid becoming stuck at local
minima compared with the back propagation neural
network employed by [15].

A. Extraction Feature

Given Chinese character C with style C, and
corresponding standard character Cg, to evaluate the
spatial layout of C,, we can make feature analysis by the
fuzzy position representing character topology (Sec. III).
For this purpose, a series of dissimilarity matrix can be
constructed,

Xk = Ti(Co) = Ti(Cp), k=0,1,..., m—1 ©)
After that, we define Yy = A;l/ X A}(/ 2 as the Laplacian
matrices. Here, Ax is a diagonal matrix and its element
value in (i,i) is the sum of the element values of the ith
row in Xi. Then the maximum element value, minimum
element value, maximum absolute value, mean element
value, median element value, and the first two
eigenvalues can be calculated in matrix Y. Thus we
obtain a total of 7*m features for character C, and in our
experiments, we set m=16.

B. Decision Tree based Aesthetics Evaluation

The calligraphic character aesthetics based on a
decision tree learning algorithm is evaluated. We collect
the samples from a copybook of calligraphy and the
reassembling glyph via employing strokes or radicals
with the special style. After that, we invite some
calligraphers and students to give score for every sample.
In our experiments, let A be 16 (Sec. III) and the 112-
dimensional feature vectors and their corresponding
grading scores (on a scale of 1 to 7) are used as training
samples to construct a decision tree model. We employ
an entropy minimization criterion to select attribute [16]
and reduced-error pruning [17] to make tree pruning.
Numerical attribute discretization is done based on
methods described in [18]. Yin Lisheng et al. present a
adaptive chaotic prediction algorithm of RBF neural
network filtering model based on phase space
reconstruction [19]. We may look upon decision tree
induction as a method for attribute selection. During the
learning phase, we only choose the most relevant
attributes from the whole set of attributes for the
construction of decision rules in the nodes.

V. OPTIMIZATION

In order to get the particular writing style character,
strokes are adjusted by affine transformation. With the
number of stroke rising, complexity of the algorithm
takes on the exponential growth. Based on the air
distribution request of the mine ventilation network,
carries on the optimized computation to the mine
ventilation system network, fuses the dynamic
perturbation and the simulated annealing to improve the
harmony search algorithm, the improved harmony search
algorithm enhances the convergent speed, has overcome
certain limitations of the traditional ventilation network
optimizing control algorithm [20]. Wei Wei et al. [21]
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present a novel usage of the helpful action pruning
technique in the Conformant-FF planner.

Inspired by them, in order to reduce the complexity, an
approximate solution by heuristic search procedure is
adopted in our work. The goal of the optimization process
is to minimize a cost function, including the depth of the
search space and the evaluation score, defined as
H(®) = exp(X, * D(®) — A, * E(D)). Here, @ is the state
of node (i.e. stroke spatial layout feature), D(@) denotes
the depth from the root node to @, E(@) is the evaluation
score by decision tree (Sec. IV), A, and A, determine the
relative weighting between the cost terms (in practice we
set Ay =0.3,A, =0.7 ). The basic move of the
optimization modifies the position of a stroke and its size.
That is (Ti' Sl) - (Tl + ST, Sl) or (Ti' Sl) - (Ti' Si + SS),
where 8T~N(p,, 6%) and 8S~N(p, 6%), with N(p, %) =
(chz)_% exp (— %) a Gaussian distribution of mean
nand variance 62. Here, T; and S; denote the centre and
diagonal distance of bounding box of the i" stroke
respectively. The translation direction includes left, right,
top and bottom. According to hypothesis testing, we can
infer whether the move is rational (That is, given

8:/_5% > Za/z} = o and

significance o, we compute P{|
O’
35-1g

P { os/ VM
correct, where z,/, denotes quantile and M is the number
of samples). With the increase of the grading score, the
move range should be small step by step. To this end, we
define a translation and scaling decay function as
8j+1(T) = exp(—v; — E(®))) and 8j41(S) =
exp (—ys - E((Z)j)), in practice y, = 0.55 and y4 = 0.90.
The algorithm selects the smallest H(@) to move in each
iteration. Repeating the above process, the algorithm will
not terminate until E(@) = 4 or the depth of the search
space is more than a threshold value. When the latter case
appears, the algorithm will select the smallest H(@) in the
process as output.

| > ZQ/Z} = a to predict whether the move is

VI. RESULTS

In this section, we demonstrate and discuss results
obtained by our synthesis Chinese calligraphy algorithm.
Fig. 4(a) outperforms Fig. 4(c), but generally, both are
desirable. Compared with closely related approaches [10],
our algorithm don’t heavily rely on the initial topology so
desirable glyphs are obtainable even with mediocre
scribing.

In order to demonstrate the efficacy of our
optimization approach, we take the Chinese character “tai”
as an example. As shown in Fig. 5, when the iteration is
more than 40 times, the move amplitude is decreasing
obviously and the visual effect becomes better and better.

Fig. 6 shows the graph of the translation and scaling
amplitude decay function (see Section V). By statistic, we
found that the translation and scaling satisfy
T~N(0.15, 0.04) and S~N(0.2, 0.03). As shown in
Fig. 6(c) and 6(d), when the grading score is lower, the
large amplitude needs to be adjusted, however, with the
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increasing of the evaluation degree, the smaller amplitude
to be moved. Thus, on the one hand, the convergence
speed can be improved at the beginning. On the other
hand, the algorithm can consolidate the “achievements”
against returning “poor” state. In our experiments, we set
yr =055 and y4 =090 . With the grading score
increasing, the transformation amplitude approximates 0.

To test our evaluation algorithm, we invited seven
calligraphists to rate the visual quality of each sample
character. Table 1 shows a comparison of the human
grading results with those from our algorithm. Average
error is less than 7%, the result approximate the human
grading.

Fig. 7~9 show a verse of poetry written in automatically
generated calligraphy characters.

VII. CONCLUSION

In this paper, we proposed a novel method to represent
the character topology, which can capture subtle changes
of strokes. In addition, we adopt decision tree evaluation
model to grade the calligraphy style. To improve the
convergence speed, we introduce the testing hypothesis
and the move amplitude decay function to transform
glyph according to the evaluation score automatically in
the optimization process. We explore generating the
large-scale character set via the small-scale with the
similar style. Apart from the character topology, ‘hollow-
stoke’ is also one of important style, which can be
affected by the writer’s mood. The same writer with
different mood and feeling may also write glyph with
different style. So mood can highly affect human’s
creation. In the future, we will consider these factors in
the calligraphy synthesis.
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Figure 4. Contrast of generated results by different scribers and scripts.
(a) and (c) are the different users’ trajectories respectively. (b) and (d)

are the optimization results using our algorithm.
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Figure 5. The optimization process of the character “tai”

2 (2 fansitin 2 (b)salng
K] N
c Y & T T T T T T
¢ 1
1] 1]
3 / \ 3 /\
2 2
I, Bl s L
3 3
g2 02 03 04 05 g4 0 01 02 03 04 05 06
trarshtmn 1l seerd
(¢) banslfon decay fncion (d) scaling decay funcion
0 1 T T T T 0 05 T T T T
i i
il 1
3 3
7 7
(] [l ] ] | |
0 1 2 H [ 5 0 1 1 H [ 5
score soore
Figure 6. The distribution and decay function of transformation
amplitude.
TABLE 1.
COMPARISON OF ALGORITHMIC AND HUMAN SPATIAL-LAYOUT GRADING
- Algorithm Human o Algorithm Human
Character Grading Grading Character Grading Grading
20,
6 7 25 3 3
% e
N -_
ﬁ 6 6 % 4 3
\ — ™
1%’ 3 3 &’7 2
. — LI
% % 2 2 %P’ 6 5

©2013 ACADEMY PUBLISHER

JOURNAL OF SOFTWARE, VOL. §, NO. 12, DECEMBER 2013

L

5 W
S 4

—
'\,—

ge

lq\y

o) S B
T A G

N [z

2|

Z_ A

152 .
() (b) (©) (d)

Figure 7. Generation a idiom with LIU Gongquan’s style using our
prototype system (LIU Gongquan is very famous calligraphist in the
Tang Dynasty).
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Figure 9. Generation LI-Bai’s poem ( LI-Bai is a famous poet in the
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Tang Dynasty).
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