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Principles of Automatic Generation of Artistic

Chinese Calligraphy

8.1 Overview

In this chapter we will introduce a novel intelligent system which can au-
tomatically generate new Chinese calligraphic artwork to meet visually aes-
thetic requirements. The system first extracts the hierarchical parametric rep-
resentations of Chinese characters from input images of existing calligraphic
style to form a compact set of training examples. Using a six-layer hierar-
chical representation, the extraction results are stored in a small structural
stroke database, which are then exploited to form a continuous calligraphy
knowledge space. The space is spanned by character examples of different
styles (knowledge sources) which are aggregated and aligned according to a
proposed constraint-based analogous reasoning process. By also incorporating
a set of simple and yet effective geometric constraints, the proposed system
can generate novel calligraphic styles that are aesthetically appealing. Sam-
ples of novel calligraphic artwork produced using the system are presented to
demonstrate the effectiveness of our approach. The combination of knowledge
from various input sources creates a huge space for the intelligent system to
explore and produce new styles of calligraphy. Possible applications of the
proposed system are also discussed.

Without ambiguity we will abbreviate the term “automatic generation of
artistic Chinese calligraphy” to “automatic calligraphy generation” from now
on.

8.2 Introduction

Chinese calligraphy is among the finest and most important of all Chinese art
forms, and an inseparable part of Chinese history. It can convey not just what
was explicitly put in a written message but also the emotion of the writer. The
very delicate aesthetic effects achievable by Chinese calligraphy are generally
considered to be unique among all calligraphic arts because the normal shape
and topological structure of the font in aesthetic Chinese calligraphy can be
largely distorted for its better perceptual impression. Chinese calligraphy is
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also an integral part of traditional Chinese painting, e.g. Fig. 8.1(a). The
calligraphy is there not just as an annotation, but also because it can affect
the overall visual and perhaps also emotional perception of the viewer to
the painting. As such, artistic Chinese calligraphy is often more preferred
than printed types in Asian societies for banners and signs, and headers of
newspapers, etc. (Fig. 8.1(b)). A latest example is the official logo of the 2008
Beijing Olympics Games (http://en.beijing-2008.org/).

(a) (b)

Fig. 8.1. Wide use of artistic Chinese calligraphy in Asian societies: (a) Chinese
painting with calligraphy; (b) top: the roof of a Kong Zi (Confucius) temple; bottom:
the header of the China Daily newspaper

Other than artists, it has also caught the attention of scientists who are in-
terested in computer-assisted art. Chinese calligraphy is predominantly done
using a brush. Computerizing Chinese calligraphy is challenging as the shapes
of brush strokes as well as the topology over multiple strokes can be very com-
plex. In comparison, Western calligraphy which is based on Latin alphabets
is much simpler and easier to computerize.

The most common use of calligraphic art in the digital world is to cre-
ate typographic or artistic fonts for display or printing, for which Knuth has
done some pioneering work [Knu79]. Chinese calligraphy is predominantly
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carried out using a soft hair brush. Generating artistically appealing Chinese
calligraphic artwork using the brush can be highly challenging. The large
character set (consisting of 3,000+ commonly used characters) of the Chi-
nese language itself presents a problem. Being able to master some of the
characters does not mean that one can also write the other characters as sat-
isfactorily. Similarly, one who is good in one or more styles is not necessarily
also good in other styles, let alone able to create new styles in calligraphy.
This is where the computer may step in and provide some help.

Calligraphic art is based on a font, which is a set of printer’s type of
the same size and face. Cubic Bézier curves and straight lines can be used to
describe font shapes [Chu90, NTN93]. For artistic rendering, researchers have
tried to model the brush used in calligraphy, such as [Str86] where the brush
is modeled as a collection of bristles which evolve over the course of the stroke.
In [XTLP02] a virtual brush based on solid modeling was demonstrated as
a feasible interactive tool for creating realistic Chinese calligraphic writings.
In [Blu67] the authors gave a detailed analysis of the writing effects that
hairy brushes could produce. There have also been attempts at automatic
generation of new fonts, such as [PMZS97] where the authors employed an
algebra of geometric shapes to generate fonts by mixing existing fonts. But
calligraphy can go beyond the boundaries of fonts; for example, it is possible
to mix different styles and sizes of characters in a calligraphic artwork.

There has not been any published work on automatic creation (not just
imitation) of beautiful calligraphic artwork using existing calligraphy as learn-
ing samples. This chapter proposes and describes such an intelligent system.
We discuss the underlying principles and theories, and present the calligraphic
results generated by a prototype we implemented. Our prototype system is
able to generate brand new Chinese calligraphic artwork fully automatically.
The number of input training samples used is very small.

In this chapter we propose an intelligent system which can automatically
generate novel and yet artistically appealing Chinese calligraphic artwork
based on a small number of training examples of existing calligraphic styles.
The essential idea is to learn (good existing styles) and synthesize (beautiful
new styles). The system first recovers the shapes of the training examples and
represents them using a hierarchical parameterization. Then an analogous
reasoning process is adopted to: 1) align the shape representations of the
training examples to create a flexible model; 2) to generate novel calligraphic
artwork; and 3) to remove aesthetically unacceptable candidates based on
some simple but effective aesthetic constraints.

To demonstrate the feasibility of the proposed methodology, we have im-
plemented a prototype system which can generate brand new Chinese calli-
graphic artwork fully automatically when given as input a small training set
(typically below 10 for each character). To the best of our knowledge, there
has not yet been any published work on the same approach. One remotely
related project is the simulation of creativity in jazz performance [RG94],
where artistic activities are also modeled using analogous reasoning.

The structure of the chapter is as follows. Sect. 8.3 formulates the prob-
lem and provides an overview of the system. Sect. 8.4 presents the hierar-
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chical parametric representation of Chinese characters. Sect. 8.5 discusses
how the training examples are analyzed and parameterized. Sect. 8.6 explains
the proposed analogous reasoning process for automatic generation of new
Chinese calligraphic characters. Sect. 8.7 discusses how aesthetic geometri-
cal constraints can be incorporated into the system to reject unacceptable
candidates from the output. Sect. 8.8 gives the experimental results. Sect. 8.9
discusses possible applications of our system in addition to generating Chi-
nese calligraphy. Sect. 8.10 concludes the chapter and suggests some possible
directions for future research.

8.3 Problem Formulation and Overall System

Architecture

Let P denote a model with a parameterization E that is flexible enough to
represent a class of highly deformable shapes (a Chinese character of dif-
ferent styles in our case). Normally, constructing a flexible model requires
significant effort. On the other hand, an arbitrary instantiation from a flexi-
ble model could easily result in unacceptable results. Thus, generating novel
and yet aesthetically appealing calligraphy using the model-based approach
is by no means straightforward. Our approach is to make use of a constraint-
based analogous reasoning process, which we apply to a set of given training
examples. The basic idea of analogous reasoning is to fuse knowledge from
multiple sources to support a restricted form of reasoning [Sim75]. In our
case the knowledge sources are the training examples (which are in the form
of images), and these two terms will be used interchangeably throughout this
chapter.

Our proposed analogous reasoning process consists of three major phases:
shape decomposition, calligraphic model generation from examples, and artis-
tic calligraphy generation.

Calligraphic shape decomposition. Shape decomposition (or recovery) of a
given training example is equivalent to the problem of extracting struc-
tural features for constructing a reference model P. The reference model
is an instance of the model P to best represent the input example. The
underlying mechanism is character stroke segmentation/extraction.

Calligraphic model generation from examples. Given n reference models {Pi}
constructed from a set of training examples, a family of novel shapes P(ω)
can be defined by blending the n reference models, {Pi}, where the blend-
ing steps include: 1) identifying the correspondence of structure features
among the reference models, and 2) combining the aligned models, by
interpolation/extrapolation of the parameterization {E}. Note that the
newly derived shape family can be perceived as “re-parameterization”
via the blending parameter, ω, which controls the contribution of each
training example.

Artistic calligraphy generation. Given P(ω) and a set of aesthetics-related
geometrical constraints, artistic calligraphic artwork can be obtained by
identifying some ω which satisfies the given constraints.
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Fig. 8.2 shows the overall architecture of the proposed intelligent calligra-
phy generation system. At the heart of the system is an analogous reasoning

Fig. 8.2. Architecture of our intelligent calligraphy generation system

component that creates new calligraphy based on training examples and sat-
isfying all the aesthetic constraints. In our experiments the training examples
come from printed “copybooks” that present multiple calligraphic styles.

Our simulated analogous reasoning process is essentially data prediction
(either interpolation or extrapolation) subject to the aesthetical constraints.
For convenience we abbreviate “analogous reasoning process” to ARP and
the current “simulated analogous reasoning process” to SARP.

The system has three main components. The first component learns and
produces facsimiles of the existent calligraphic artwork in a hierarchical and
parametric form; these facsimiles form a calligraphic knowledge base serving
as the knowledge source for the SARP. The second component generates new
calligraphic artwork automatically through the SARP. The third component
applies constraint satisfaction to admit only those generated results that are
aesthetically acceptable. The three components are referred to as the fac-
simile component, the creation component, and the appreciation component,
respectively. The examination results led us to conclude that our approach
is practical and the system is capable of generating acceptable outputs.
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8.4 Hierarchical and Parametric Representation

No reasoning is possible and efficient without suitable knowledge represen-
tation. Before we elaborate on our intelligent calligraphy generation system
based on analogous reasoning, we will first introduce our hierarchical and
parametric representation of calligraphic artwork, which contributes tangi-
bly to the overall system performance and reasoning capability.

In our system we treat Chinese characters and calligraphic artwork as
images that are in a parametric form. This facilitates automatic processing
of knowledge. Modern Chinese characters are derived from pictographs of
complex shapes (see Fig. 8.5 for an example). The earliest Chinese charac-
ters are pictographs, which project meanings through shapes and images in
an intuitive fashion. Over time these characters gradually became symbols
and many basic features in different Chinese characters occur recurrently. To
take advantage of this representation redundancy, we devise a hierarchical
representation for Chinese characters.

8.4.1 Hierarchical Representation

It can be easily observed that many local features recur in many different
Chinese characters frequently. To capitalize on this image information re-
dundancy, we introduce a hierarchical representation of Chinese calligraphy.
A piece of Chinese calligraphy as an image is decomposed into six layers (or
levels): the constructive ellipse layer, the primitive stroke layer, the compound
stroke layer, the radical layer, the single-character layer, and the complete art-
work layer (see Fig. 8.3(b)). This hierarchical representation can avoid much
redundancy when storing the characters, and its various granularity makes
SARP more effective and the input reasoning source as well as the output
reasoning results more reusable. These six layers represent the calligraphic
artwork parametrically. All the input parametric representations of the cal-
ligraphic artwork together form a reasoning space for the SARP to generate
new aesthetic calligraphic artwork automatically.

The parametric representations adopted at all levels (to be described in
the next subsection) together form the parameter space E for modeling Chi-
nese calligraphic artwork.

For the prototype we have implemented 5 typical and most frequently
occurring primitive strokes (point strokes, horizontal strokes, vertical strokes,
left slanting strokes and right slanting strokes), 24 typical and most frequently
occurring compound strokes, and 36 radicals are used, as shown in Fig. 8.4.
Fig. 8.3(a) shows the hierarchical representation of the Chinese character
“zhe”, as in “Zhejiang”, the beautiful coastal province well known for its
wealth of scenic spots.

8.4.2 Six Levels of Parametric Representation

At Level 0 of the hierarchical representation, an artwork is viewed as a col-
lection of ellipses. These ellipses are called the “constructive ellipses” of the
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(a)

(b)

Fig. 8.3. (a) Hierarchical representation of a Chinese character (only four levels
are shown); (b) Six-level hierarchical representation of calligraphy

(a) (b) (c)

Fig. 8.4. (a) Five primitive strokes; (b) 24 compound strokes; (c) 36 radicals



210 8 Principles of Automatic Generation of Artistic Chinese Calligraphy

artwork (Fig. 8.3(b)). The “image” of the artwork will be rendered as the
regions in the image space that are covered by the constructive ellipses. This
representation is inspired by the Blum model [Blu67], in which a zonary area
is defined through an ellipse moving along a predefined curve. Each construc-
tive ellipse is parameterized by a 4 × 1 matrix, in which two rows store the
coordinates of the constructive ellipse’s center and the other two rows store
the lengths of the major and minor axes of the ellipse. When we traverse
the hierarchy from bottom up, such constructive ellipses are first “lined” up
to form “primitive strokes” (Level 1). Then primitive strokes are combined
to form “compound strokes” (Level 2) and subsequently to radicals (Level
3). Shape grammar rules are used for the composition (see Sect. 8.5.2). By
grouping radicals based on their spatial proximity, characters are formed
(Level 4). The learned examples of the same character in different styles will
be blended together to establish a flexible model of that character in the
model creation step (see Sect. 8.6). Finally, at Level 5, there is the top-level
constructive element, a calligraphy artwork, which may consist of more than
one character.

8.4.3 Advantages of Our Representation

(1) Reasoning from a set of existent calligraphy styles to generate new writ-
ing styles belongs to the hard domain of qualitative reasoning. Our para-
metric representation offers a tool to attack the challenging qualitative
reasoning problem through quantitative means—analogous reasoning to-
gether with aesthetic constraint satisfaction—to be described in the se-
quel.

(2) With the hierarchical representation, our intelligent system allows effi-
cient local learning of constructive elements, and the huge global knowl-
edge representation space is reduced to one characterizing only local
shape variations. Besides, the hierarchical nature of our representation
supports efficient retrieval (and thus reuse) of past calligraphic artwork
reasoning results (to be described in the sequel) at different representa-
tion levels.

(3) With our hierarchical parametric representation, calligraphy in all styles,
including the very cursive ones which are heavily deformed and distorted,
can be represented in a uniform six-level hierarchy and processed using
the same reasoning pipeline. This increases our system’s capability to
learn and generate cursive calligraphy, which is a very important aspect
of aesthetic calligraphy and a hot area for calligraphy artists.

8.5 Calligraphic Shape Decomposition

This is the process in which the hierarchical and parametric representations
are extracted from training examples—images of calligraphic artwork.
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8.5.1 Extracting Levels 0–1 Elements

To extract primitive strokes and thus the corresponding constructive ellipses
from a training example, we first compute the skeleton of the input image,
that is to compute a close approximation to the actual trajectory of the
brush when the calligraphic artwork was created. Various approaches have
been proposed for skeletonizing binary images of characters. We employed the
algorithm proposed in [HY00], where the extracted skeleton is composed of
segmented primitive strokes. Fig. 8.5 gives a step-by-step illustration. Such a
stroke decomposition is by no means optimal, and our system can benefit from
any improved decomposition algorithm.1 Once the skeletons of the primitive
strokes are identified, all the constructive ellipses can be computed efficiently
using the Bresenham ellipse rasterization algorithm.

(a) (b) (c)

(d) (e) (f)

Fig. 8.5. Extracting Levels 0-1 elements of a character from its image: (a) The
input image of a character, (b) the raw skeleton computed using a thinning algo-
rithm, (c) the plausible short branches detected and color marked, (d) the short
branches identified and removed, (e) the skeleton segmented into different strokes
in the character and color coded, and (f) the reconstructed character using the ex-
tracted Levels 0-1 elements. Note that the reconstructed image (f) and the original
image (a) have some slight differences at the ends of some of the strokes, e.g. areas
indicated by the red rectangles

8.5.2 Extracting Levels 2–3 Elements

We identify compound strokes and radicals by analyzing the spatial relation
between the primitive and compound strokes, respectively, through carefully
designed shape grammar production rules. The syntactic description of any

1 To further enhance the robustness of the stroke identification step, several struc-
tural variants of the five primitive strokes (Fig. 8.4) were used.
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constructive element is represented using the syntax of the production system
and generated by rule deduction. As an example, the shape production rule
for the compound stroke in the upper leftmost corner of Fig. 8.4(b), denoted
as CS1, is as follows:

IF horizontal(a) AND vertical(b) AND ontop(a,b) AND onleft(a,b) AND
touch(a,b)
THEN CS1 := {a,b},

where horizontal(a), vertical(b), ontop(a,b), onleft(a,b) and touch(a,b) are
the predicates indicating the relationships of horizontal primitive stroke, ver-
tical primitive stroke, a on top of b, a on left side of b and {a,b} touching
each other, respectively.

To increase the reliability of the extraction process, we make use of fuzzy
set theory as in [LHS98] so that a confidence value will be associated with each
shape grammar production rule via the deduction process. The overall con-
fidence of the shape grammar production can be derived by the confidences
of all its statements. The rule that yields the highest overall confidence will
be applied for the corresponding stroke composition.

8.5.3 Extracting Level 4 Elements

To extract the constructive elements at Level 4, we need to determine the
radicals that can be grouped together to form a character. This is equiva-
lent to the well-known problem of “character segmentation” in the pattern
recognition field. In our system we use the standard projection analysis as in
[YS94] to segment the individual characters in a calligraphy artwork.

8.6 Calligraphic Model Creation from Examples

8.6.1 Principles of Calligraphic Model Creation

To generate new calligraphic artwork, we apply an Analogous Reasoning
Process (ARP) to a set of training examples of different calligraphic styles.
The notion of generation/synthesis in artistic design was discussed by Simon
[Sim75] in 1975. Keane [Kea88a] applied analogical mechanisms to problem
solving. In general one can understand ARP as a process that synthesizes
novel knowledge (shapes in our case) by fusing (blending in our case) together
certain knowledge sources (the training examples). To support the fusion,
establishing feature correspondence between the knowledge sources is needed.

In principle the ARP can be applied at different levels of the hierarchy,
resulting in different artistic effects. Assume that the ARP is applied to Pk,m,
the m-th constructive element at the k-th level of the hierarchical representa-
tion and there are n different versions of Pk,m: P1

k,m, · · · , Pn
k,m derived from

the n training examples, i.e., the independent knowledge sources in the ARP.
The result of the ARP is denoted as Pr

k,m. Then the general mathematical
principle in the adopted ARP can be stated as:
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Pr
k,m =

∑n
i=1 ωiPi

k,m, (8.1)

where ωi (i = 1, · · · , n) is defined as the analogous reasoning intensity for
Pi

k,m with the constraint that
∑n

i=1 ωi = 1. Obviously, Pi
k,m with a higher

value of ωi contributes more to the overall reasoning result.
The suggested ARP can be interpreted as either an interpolation or an

extrapolation process. Note that here we assume a one-to-one correspondence
among different versions of Pk,m. In reality, a constructive element (a con-
structive ellipse, a primitive stroke, etc.) derived from a training example
can correspond to one element in another training example in more than one
way. A feature correspondence step (to be described in the next subsection)
is therefore required before one can blend together features extracted from
the different examples. In our intelligent calligraphy generation system, all
the analogous reasoning intensities can be adjusted by the user manually
through a graphical interface; or they can be generated randomly and fed
to a subsequent phase that automatically filters out the ones violating some
aesthetics-related constraints.

8.6.2 Fusing Knowledge Sources in ARP

To establish the feature correspondence between training examples for knowl-
edge fusion, we first derive a discrete planar curve for each constructive ele-
ment Pi

k,m using the centers of all the constructive ellipses associated with
it. The curve forms the skeleton of the element, and critical points on the
planar curves are detected using the algorithm in [ZC95] as the key points
for setting up the correspondence.

In our application we first assume the shape of a constructive element
in the font style “Kai” (GB2312) as used in the recent version of Microsoft
Word to be the standard reference, which we denote as Pstd

k,m. Note that
because the shape of the element Pk,m has already been extracted in the
shape decomposition phase, we can easily compute the deviation Fi

k,m by

which the shape of the i-th source Pi
k,m differs from that of Pstd

k,m through
applying the shape difference operator �. The exact definition of this operator
will be provided and explained in detail in the next chapter.

Fi
k,m � Pi

k,m � Pstd
k,m (8.2)

With all the deviations of the reasoning sources F1
k,m, · · · ,Fn

k,m com-
puted, we can then derive the overall deviation Fr

k,m, as follows:

Fr
k,m = �(F1

k,m, · · · ,Fn
k,m, ω), (8.3)

where � is defined as the analogous reasoning mechanism simulation opera-
tor, which is currently implemented as an interpolation/extrapolation process
in our prototype system. ω is the aesthetic viewpoint sequence dictating the
weights and order of the contributions from different sources. The ordered set
of the intensities forms what is called the “viewpoint sequence” of the ARP.
So not only will different reasoning intensities affect the final output, but



214 8 Principles of Automatic Generation of Artistic Chinese Calligraphy

different orders of presenting the training examples will also lead to different
calligraphy results.

Finally, by adding back the shape of Pstd
k,m, the standard constructive

element associated with the reasoning result Pr
k,m in the ARP, we obtain:

Pr
k,m = Fr

k,m ⊕ Pstd
k,m, (8.4)

where the operator ⊕ is a reverse function of the operator �.
Note that the ARP can be applied not only to the constructive elements

from all the reasoning sources, but also to some topological constructors (in
the form of geometric transformation matrices for the corresponding con-
structive elements) in order to further increase the reasoning power. Some
simple ARP simulation operators for the topological constructors include
arithmetic mean, geometric mean and harmonic mean.

8.6.3 A Computational Psychology Perspective

If all the intensities of the knowledge sources fall within (0, 1), the ARP is in
fact simulated using an interpolation process; otherwise it is simulated using
an extrapolation process. From a psychological point of view, the existence
of negative values for the reasoning intensities reflects the inverse reasoning
of brain activities with certain input source knowledge being treated as neg-
ative examples. On the contrary, positive values correspond to exaggeration
of brain activities where the larger an input example’s reasoning intensity
is, the more heavily the generated result will follow the style of that input
source knowledge. When the number of knowledge sources is greater than
two, the ARP mimics combined thinking activity, which will make use of
several knowledge reference cases during the reasoning process.

8.7 Generating Artistic Calligraphy

With the mechanisms we describe above in place, candidates of novel cal-
ligraphic artwork can easily be generated by random perturbations of the
reasoning intensities. As the analogous reasoning steps can be applied to
something as fine as one single parameter of a constructive ellipse or some-
thing as coarse as all the parameters of a character, we have a highly flexible
system to vary the shapes and generate many possible candidates. We de-
scribe next a filtering step to make sure that only the candidates which meet
some aesthetic requirements would be output. The requirements would come
from the training examples.

8.7.1 Extracting Aesthetic Constraints from Training Examples

Aesthetic constraints are criteria by which the aesthetic quality of a candi-
date or its parts is to be quantified and measured. They are categorized as:
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1) constraints for visual appearance of a constructive element, and 2) con-
straints for spatial relationship between neighboring constructive elements.
Fortunately the proposed ARP can automatically guarantee the satisfaction
of the former one (at least under most circumstances) due to the parametric
nature of the constructive elements. Therefore we only need to focus on deriv-
ing and applying constraints of the second type to guarantee the generation
of visually pleasant novel calligraphy.

An important consideration for a quantifiable constraint on aesthetics is
the degree of overlapping between two constructive elements. Three types of
overlapping between a pair of elements, a and b, are used in our system: the
x dimensional overlapping ϑx(a,b), the y dimensional overlapping ϑy(a,b),
and the area overlapping ϑs(a,b). All three measures are computed based
on the bounding boxes of the constructive elements. After the overlapping
measures are computed for all the element pairs of the training examples,
their upper and lower bounds are recorded. The upper bound is used to
avoid two neighboring elements within a newly generated calligraphy artwork
being squeezed together while the lower bound is to avoid the neighboring
elements being too far apart. These overlapping measures are then used to
direct the process of generating the upper-level constructive elements from
the lower-level ones. The overall effect is to constrain the ARP so that it will
not perturb too much the spatial relationships of the sub-components of each
constructive element as they are found in the training examples. Thus, for
example, if a newly generated calligraphy candidate from the ARP, contains
some sub-constructive elements whose x dimensional overlapping is smaller
than the derived lower bound, the calligraphy candidates will be rejected.

If needed, the upper and lower bound constraints of the ARP can be
relaxed in order to allow for results of new styles that cannot be easily imag-
ined. In our system the end user can interactively adjust these two bounds
according to his/her preferences. Thus, choosing the best values for the two
bounds becomes a matter of the reviewer’s personal aesthetic taste. Accord-
ing to the experience of using the proposed system, relaxing or ignoring the
constraints in our analogous reasoning process seems to correspond to the
creation of a more cursive and running style writing. Further study on the
psychological analogy of the above computational simulation should be an
interesting future research direction (see Sect. 8.10.1).

8.7.2 Past Results Reuse for Efficient Reasoning

While the ARP can be simulated by a random process which could be com-
putationally intensive, reuse of similar past reasoning results (as experience)
can be incorporated to make the reasoning process more efficient. In addition,
the hierarchical representation allows a whole or partial “experience” to be
reused. Our proposed system therefore proposes a high degree of reusability
of past reasoning results.
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8.8 Experiment Results

Fig. 8.6 shows the results obtained by our prototype system based on six
training examples as the input knowledge sources and linear interpolation
is used to simulate the generation step of the proposed analogous reasoning
process. Fig. 8.7 shows the results of using five training examples and a non-
linear interpolation process. Fig. 8.8 shows another set of results. It can be

Fig. 8.6. A single character in many styles; the first row is the training examples,
and the other rows are automatically generated by our system

easily observed that there is consistency in style among characters within the
same newly-generated calligraphic piece.

The results we obtained demonstrate that our approach can yield novel
calligraphy styles given some existing ones. To verify that the system was in-
deed able to generate quality outputs, we asked practicing artists, art school
professors and amateurs to examine the outputs; most of them considered
our generated calligraphy to be acceptable. In addition, we have also an-
alyzed the sensitivity in terms of the “creativity” of the system when the
number of training examples is varied. The experiment was done using train-
ing examples with a varying number of styles which include “Kai”, “Li”,
“Xingshu”, “Weibei”, “Xingkai”, “Xingchao”, and “Kuangchao”. We invited
six calligraphic fans with at least more than 2 years’ writing experience and
four professional calligraphists to form a review committee. They cast votes
on the calligraphic artwork generated by the system. If an artwork received
more than seven votes, it was considered a new calligraphic work. With more
training examples of different styles, the chance of generating a creative and
yet aesthetically acceptable calligraphy pieces increases. Also, between linear
and non-linear APR, the latter is found to be able to generate more creative
calligraphy pieces. Using 6 or 7 training examples, the linear ARP generated
about 30 acceptable pieces of calligraphy, and the non-linear ARP generated
more than 50.

We also analyzed the sensitivity in terms of the increase in creativity of
the system when the number of learned samples was varied. Fig. 8.9 reports
the results, where the sample styles learned are the shapes of the “Kai”,
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(a)

(b) (c) (d) (e) (f)

(g) (h) (i) (j) (k)

Fig. 8.7. A “couple” in many styles. (a) Training examples; (b)—(k) Some selected
computer generated results

“Li”, “Xingshu”, “Weibei”, “Xingkai”, “Xingchao”, and “Kuangchao” styles.
We invited six calligraphic fans with at least more than 2 years’ writing
experience and four professional calligraphists to form a review committee,
including a professor major in calligraphy in an art school. They cast votes
on the calligraphic artwork generated by the system. If an artwork received
more than seven votes, it was considered a new calligraphic work. Fig. 8.9
clearly shows that with more learned samples, the chance of generating an
acceptable calligraphic piece increases.

Fig. 8.10 presents an interesting example. The calligraphy (the character
“forever” in Chinese) in the top of the picture was generated fully automat-
ically using our prototype system. The horse was generated through human
manipulation using paint-brush software [XTLP04]. The character is in a
rapid-running style that is in the same spirit as that of the running horse.
Without the use of the proposed intelligent system, generating a piece of
calligraphy that would match perfectly the painting is almost impossible.
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(a)

(b) (c) (d) (e) (f) (g) (h)

(i) (j) (k) (l) (m) (n) (o)

Fig. 8.8. (a) Learned samples in seven styles. (b to o) Some selected samples of
newly-generated calligraphy
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(a) (b)

Fig. 8.9. System’s creativity (vertical axis—number of acceptable results) against
number of learned samples (horizontal axis) (a) Single-character level using linear
reasoning (b) Single-character level using non-linear reasoning

Fig. 8.10. “Forever running”
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8.9 Possible Applications

The system described in this chapter is an innovative and yet practical system
for generating novel Chinese calligraphy. Its effectiveness has been rigorously
tested with satisfactory results. Computer-generated novel artistic calligra-
phy has the following potential applications.

(1) Personalized font generation. By importing the fonts installed in a
computer, our proposed system can first compute each character of a
flexible model by aligning all the corresponding characters of the differ-
ent fonts. Then the system can ask for a small set of characters written
by the users as additional knowledge. Based on these knowledge sources,
the proposed ARP is simulated but now with the additional criterion to
best match the user inputs. Because of the uniformity of the chosen hi-
erarchical representation, the resulting set of intensities can be directly
applied to the full character set of all the existing fonts, resulting in a font
customized to the user’s handwriting. We performed a simple test—the
results are shown in Fig. 8.11. The top row shows the user’s handwritten
input characters and the ones below are generated by mimicking the writ-
ing style of the input. The results are surprisingly impressive. Of course,
if the user’s handwriting is so peculiar and unique that it lies outside the
feasible space composed from all the existing fonts, the proposed system
may still fail.

Fig. 8.11. Results of automatic handwriting style mimicking and calligraphy
generation using the learned writing style from a single character: the first row of
bigger characters are single characters written by different users in their respective
handwriting styles, and the other rows are the automatically mimicked characters
using the corresponding captured handwriting style

(2) Handwriting beautification. Handwriting is considered an important
factor affecting people’s impression of the writer. In many places, espe-
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cially in Asia, handwriting is looked on as something that reflects the
quality of a person. It is something like a speaking tone and accent in
western society. To improve on one’s handwriting could take a long time,
which many VIPs often suffer by taking long hours of intensive and expen-
sive personal coaching on handwriting during their own limited free-time.
In situations where personal handwriting is preferred, our system can pro-
vide beautification of a person’s handwriting. Our system can be applied
to beautify people’s handwriting. For instance, the user first writes his
own handwriting, which is input as one source for the ARP. He then
specifies some existing aesthetically appealing writing styles as the other
sources. By manually setting the reasoning intensities, he can choose the
extent to which his personal handwriting would be rectified, while at the
same time preserving some degree of his original personal handwriting
style. The computer can remember the setting, and so in the future he
can always generate his beautiful handwriting with the same consistent
style. A preliminary market survey has revealed a strong welcome for
handwriting software with such a functionality.

(3) Handwriting recognition. Artistic calligraphy tends to contain many
distorted characters. Normal Optical Character Recognition (OCR) tech-
niques cannot effectively deal with them because they are mostly based
on templates of styles that are commonly used.

However, each person is likely to have his own personal handwriting
style. Thus there are countless different styles in the world. With our
system, a relationship between the shapes of the same character written
in different styles can be established. Such a relationship between even a
small number of typical handwriting styles would allow the shapes of the
character in a wide range of styles to be predicted by the system. This
mechanism can be used in a calligraphy recognition system.

The proposed system is essentially a specific version of a deformable
model for modeling Chinese characters of different calligraphic styles.
The representation power and yet visually appealing properties of the
adopted model makes it suitable for deformable model based handwriting
recognition [CYC98]. In addition, the modeling approach based on the
unified ARP is an excellent candidate for writer adaptation in related
handwriting recognition systems.

(4) A Chinese CAPTCHA agent. The CAPTCHA project at Carnegie
Mellon University (http://www.captcha.net) presents a good case for pos-
sible adoption of our approach. A Chinese CAPTCHA agent can be de-
veloped to avoid web sites crawling with software robots. The agent would
generate heavily distorted Chinese writings which are readable by humans
but not by any machine-computable algorithm.
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8.10 Conclusion and Future Work

8.10.1 Conclusion

In this chapter our thesis has been that with the parametric hierarchical
knowledge representation of Chinese calligraphy, the computer is able to cre-
ate new Chinese calligraphic artwork in a variety of styles fully automatically
and in real time based on a compact set of printed calligraphic inputs. The
creativity capability of the proposed intelligent calligraphy generation system
is mainly due to the huge feasible space available for the simulated analogous
reasoning process. The experiment results show that our approach can indeed
generate calligraphic artwork that can stand among existing ones, regardless
of whether they appear to be realistic or completely inventive.

8.10.2 Future Work

There are a number of possible extensions to our proposed system. Some
immediate future extensions to our proposed system include: 1) extending
our approach to cover other languages; 2) adding a feedback component to
be used to fine tune the aesthetic constraints through reinforcement learning;
3) capturing and translating the “psychological” states of other media so that
they can be linked to the corresponding states in calligraphy, and therefore
letting one use music to direct the generation of calligraphy.

Although we focus on automatic generation of Chinese calligraphy in this
chapter, the lure and challenge of automatic generation of artistic calligraphy
should not be limited to the Chinese language. See Fig. 8.1 (b), where artistic
English and Arabic numerals are also used. So an immediate future work item
would be to extend our algorithm to cover calligraphy in more languages. An-
other future direction is to add a feedback component behind the constraint
satisfaction component to automatically tune for the best thresholds to be
used in the constraint satisfaction. The tuning can be based on the evaluation
marks given by human reviewers on the visual quality of the automatically
generated calligraphy. This backward reinforcement mechanism can make our
system more able to cater to the personal aesthetic taste of the reviewers.
Further improvement of the constraint types, and different tolerances for dif-
ferent parts acquired either via training examples , or prior knowledge about
Chinese characters, may also improve our system’s performance.

There is a tradeoff between the creativity and the practical acceptability of
interpolation results. Too strict a set of constraints could limit the creativity,
while too loose a set of constraints could harm the overall acceptability of
the results. How to find the best tradeoff point should be a worthwhile future
pursuit.

Another interesting extension of this project is to explore the relationship
between the “psychological” state and the “creativity” as possessed by the
different simulated analogous reasoning processes. We can call this “quanti-
tative aesthetics”. If such a relationship can be established for not only cal-
ligraphy but also other computer synthesized creative works, e.g. computer
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music, then there could emerge the possibility of an intelligent multimedia
application that couples the “psychological” states of the two media; that is,
the style of the aesthetic fonts generated by our system can be dynamically
changed according to music being played and the mood of human beings. In
such an application, the rhythm and the spiritual content of a piece of music
are expected to be automatically associated with artistic fonts carrying the
same spiritual interpretations. Such a bridge between audio and visual ex-
pressions based on their psychological contents could in turn contribute to a
better understanding of the artistic thinking of human beings.

The input calligraphic artwork samples we used are in different well-
disciplined styles in the Chinese calligraphy world, based on which our system
can produce a large number of new writing styles. How to create a new writing
style with a pre-specified constraint on its style (as opposed to a character) is
a much harder and more challenging research issue. In order to solve the prob-
lem, we need to extract the relationships between the parameters driving the
analogy; these parameters include the analogous reasoning’s source intensities
and quantitative definitions for the visual features of different writing styles.
The degree of automation to which our system can learn the sample source
knowledge from copybooks can be further improved, which is a non-trivial
pattern recognition problem for characters in cursive writing style.

Another exciting direction is “quantitative aesthetics”. Every piece of
newly created calligraphic artwork has a set of source intensities associated
with the reasoning. Some generated results are more beautiful than oth-
ers. The task is to find out the relationships among these source intensities
and how they translate into aesthetic values. This may develop into a very
fundamental topic in computational cognition. We will present some of our
preliminary attempts to quantitative aesthetics research in Chapter 10.
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