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Abstract—Since a complete Chinese font has typically several
thousand or more Chinese characters and symbols, and most of
them are much more complicated than English alphabets, it takes
a lot of time and efforts for even professional font engineers to
create a Chinese font. Although several attempts had been made
to synthesize Chinese characters from strokes and components, it
is still not easy to synthesize so many Chinese characters at one
time. In this paper, we present an easy and fast solution for an
ordinary user to create a Chinese font of his or her handwriting
style. We adopt the approach: to synthesize Chinese characters
using components extracted from the user’s handwritings. In the
preprocessing phase, we built a Web interface for crowds to label
the positions and sizes of components of every Chinese character
in the target character set. The standard Kai font was selected as
a reference. We also devised an algorithm to find a small subset
of Chinese characters having all required components to
synthesize other Chinese characters. To create a personal
handwriting font, with commonly-used 3,914 traditional Chinese
characters, a user only has to handwrite 400 or so Chinese
characters on a pad. One character by one character, our system
can track every stroke, recognize and extract components from
the user’s handwritings. Then, every target Chinese character is
synthesized from the extracted components, by placing them
properly according to their position and size information. The
experiment results show that although manually fine-tune is still
required for few synthesized Chinese characters, users can create
a Chinese font of their personal handwriting styles more easily
and quickly.

Keywords—Chinese font; personal font; handwrite font; glyph
synthesis.

I. INTRODUCTION

It is believed that Chinese calligraphy can reflect one’s
emotion, education level, and personality. Many Chinese have
been long looking for personal Chinese fonts, so that they can
not only present their ideas in their digital works, but also show
their personality and feeling to readers. However, there are few
choices available in Chinese font libraries or markets currently.
Chinese character set standards [1-8] used in computer systems
typically have several thousand or more Chinese characters, as
enumerated in Table I, and most Chinese characters are more
complicated than English alphabets. Hence, it is not easy for an
ordinary user to make a font in his or her personal handwriting
style. Nowadays, Chinese fonts are still made by professional
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font designers or companies. They usually took very long time,
probably from several months to years, to draw and beautify
the outlines (or glyphs) of all Chinese characters.

As computer technology improves, several tools had been
developed for font engineers. For example, FontForge [9], an
open source font editor, allows users to create or modify the
glyph of every character, one by one, in a font file. These tools
usually require a certain level of knowledge and skills of
computer systems and charset (character set) encodings [1-8],
font specifications [10], computer graphics and image
processing, and so on. These tools usually do not support
Chinese characters well.

In the literature, many researches related to glyph synthesis
of Chinese characters have been reported. In [20][21], analysis
of Chinese character structure was studied. Some researchers
proposed to synthesize the glyph of a target character from its
strokes [11][12], and some proposed from its components (or
radicals) [13][14]. In [15][16], via several image processing
procedures, the scanned image of ancient Chinese calligraphy
was digitized into vectored glyphs. The methods presented in
[17-19] were proposed to beautify the glyphs for handwritten
Chinese characters. However, most of them aimed at creating
the glyph of a single Chinese character at a time. There is still a
lack of a systematic solution to create a complete Chinese font
in one’s personal handwriting style.

In [22], we had presented an on-demand approach for
digital art designers, who at a time usually need a very small
subset of Chinese characters. In FontCloud, they only have to

TABLE I. NUMBER OF CHINESE CHARACTERS IN STANDARDS
Publish No. of Chinese Note
Year characters
BIGS5 [1-2] 1984 13,051 Traditional Chinese
CNS 11643 [3-4] 1992 48,027 Traditional Chinese
GB 2312 [5] 1980 6,763 Simplified Chinese
GB 18030 [6] 2000 27,533 Simplified Chinese
Unicode 1.0 [7-8] 1993 20,902 Chinese, Japanese,
Unicode 3.1 [7-8] | 2001 70,195 Korean, etc.
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Fig. 1. Concept of glyph synthesis of Chinese characters
components extracted from a user’s handwritings.

from

create needed glyphs to quickly make an incomplete-but-useful
Chinese font. Incrementally, the glyphs are accumulated and
the users can make a complete Chinese font. In [23], we tested
preliminarily the approach: to synthesize Chinese characters
using components extracted from the user’s handwritings, as
shown in Fig. 1. The experiment results showed that many
synthesized glyphs of Chinese characters were satisfied.

In this paper, we present an easy and fast approach for an
ordinary user to create a complete Chinese font of his or her
personal writing style. To make a complete Chinese font from
components, we need to answer the following questions.

1) What are the required components?

2) How many Chinese characters a user has to handwrite?

3) How to extract the required components from a user’s
handwritings?

4) Given a target Chinese character, where to place these
components? How large these components are?

There are two phases in the proposed solution. (1) In the
preprocessing phase, we built a user-friendly Web interface for
crowds to manually label the positions and sizes of components
of every Chinese character in the target character set. The Kai
font was selected as a reference. We also devised an algorithm
to find a small subset of Chinese characters having all required
components to synthesize other Chinese characters. (2) In
production phase, to create a personal handwriting font, a user
has to handwrite the small subset of Chinese characters on an
smartphone or electronic pad. One character by one character,
our system tracks every stroke and extracts components from
the handwritings. Then, every target Chinese character is
synthesized from the extracted components, by placing them
properly according to their position and size information.

To create a personal handwriting font, with commonly-used
3,914 traditional Chinese characters, a user has to handwrite
only 400 or so Chinese characters. The experiment results
show that although manually fine-tune is still required for few
synthesized Chinese characters, users can create a Chinese font
of their personal handwriting styles more easily and quickly.

The paper is organized as follows. After this introduction,
we present our solution in section II, i.e., the proposed methods
in the preprocessing and production phases to conquer each of
the four questions. In section III, we describe the experiments
and discuss the results. Finally, we conclude the paper and give
some intended future work.

TABLE IL GLYPH CONSTRUCTION EXPRESSIONS
Operators | Explanation | Example
M Left and Right
Two components A Top and Bottom
A Outer and Inner
T\-im'e than _D .-(..:-mu|muiu-is enclosed -l-lf.\l'“ cen <@g p ‘Hm
fwo components -1 Begin (12) and End (=) ' !
8 Two same components in vertical E=8x
§ Three same components in vertical | Bty
& Two same components in horizontal M =eo0f
Duplications s Three same components in horizontal | Hi=co
$ Three same components in triangular | % —do X
i Four same components in horizontal
i Four same components in vertical
23 Four same components in 2x2 array [ B=88x

Fig. 2. Synthesis of 30 Chinese characters from 3 Chinese characters.
Blue ones are handwritted, yellow ones are extracted from blue ones, and
white ones can be synthesized from others.

II. PROPOSED SOLUTION

A. Component Analysis

In the literature, there are many studies about the structure
of Chinese characters. In this paper, we leverage the result of
[21], in which all Chinese characters recorded in Hanyu Da
Zidian (EZEAKSHL) were decomposed into about 1,000 root
radicals, as shown in TABLE II. We had extended [21] and
decomposed other Chinese characters encoded in Unicode 3.1
into radicals [24-25].

In the preprocessing phase, we analyze the structures
reported in [24-25] to find a small subset of Chinese characters
having all components required to synthesize other Chinese
characters in a target Chinese charset encoding. The concept is
shown in Fig. 2. In this example, when a user handwrites three
Chinese characters, we can synthesize other 30 Chinese
characters. In this study, a Chinese character is synthesizable
when all of its components are available, i.e., which have been
extracted from some other Chinese characters.

We adopted a simple greedy algorithm, as shown in Fig. 3.
Initially, all target Chinese characters were put in the candidate
pool. A loop followed. In each iteration, a target Chinese
character was selected into the output subset and removed from
the candidate pool. We then checked other Chinese characters
left in the candidate pool whether they could be synthesized. If
yes, they were removed from the candidate pool. The loop
stopped when the candidate pool was empty, that means all
target Chinese characters were either selected into the output
subset or synthesizable.



Decompose all target Chinese characters into Root Radicals
Sort all target Chinese characters according to the specified criterion
Put all target Chinese characters into the candidate pool
While the candidate pool is not empty
Remove a Chinese characters from the pool in the sorted order
Insert the character into the output subset
Remove all other synthesizable Chinese characters from the pool
End of while
Return the output subset
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Fig. 3. Greedy algorithm to find a small subset of Chinese characters

We must note that the sorting criterion in step 2 is variable.
There are many criteria, such as daily-used frequency, number
of components, and so on. Therefore, there exist many small
subsets of Chinese characters having all required components.

Thus, we answer the aforementioned questions /) and 2).

B. Positons and Sizes of Components in a Chinese Character

In the preprocessing phase, we also created a Web interface
to label the positions and sizes of components of every Chinese
character in the target character set, as shown in Fig. 4. The
standard Kai font was used as a reference. The user first clicks
a component of the assigned Chinese character and then draws
a minimal rectangle covering the component. It is possible that
two rectangles have an overlay.

We must note that similarly to the previous subsection, we
had to do this preprocessing only once. Therefore, we adopted
crowd-sourcing. We hired 7 students to manually label the
information. At the same time, a simple evaluation was made.
We required the crowds to evaluate the glyph synthesized from
the components extracted from the standard Kai font. These
feedback were somehow subjective. However, we still got a lot
of information related to glyph synthesis of Chinese characters.
For example, we realize that it is not a good idea to decompose
the Chinese character # into two components / and +, as
shown in the fourth example in Fig. 4.

We must also note that handwriting variation of users is
usually very large, even for a same user. The position and size
information of components is for reference, just giving a start
point to the aforementioned question 4).

C. Component Extraction

To conquer the aforementioned question 3), i.e., to extract
components from a user’s handwritings, there are several
possible solutions. For example, we can require the user to
handwrite selected Chinese characters on a customized gridded
paper, scan the paper, crop the images of characters, and then
use image processing techniques to extract components from
the handwritings [22]. However, the solution has some flaws.
If the user is unsatisfied with only a few characters just written
on the paper, the user has to rewrite all characters again on a
new empty paper from the scratch. In this study, we have
developed an APP on smartphones or electronic pads. Each
time, the APP shows a selected Chinese character to the user
and requires the user to handwrite the character on the touch
screen. Since the APP knows all components of the character,
it can easily track and classify every stroke into components
according to the stroke’s starting point, ending point, and
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Fig. 4. Web interface to label the positions and sizes of components of
Chinese characters
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ordering, and shows the result to the user with components in
different colors. If the APP fails to extract the component
correctly, the user can simply redo the character again.

The solution is incremental. The user can use any short free
time to handwrite a few Chinese characters. As well, when new
components are extracted, synthesizable Chinese characters are
synthesized without having to wait for the finish of all selected
Chinese characters.

Currently, the APP is still sensitive to the sensing capacity
of touch screen and user’s finger actions. As a result, we only
consider normally handwriting in this study. l.e., stroke orders
must be obeyed. Starting and ending of each stroke must be
clear and space between consecutive strokes is required.

D. Glyph Synthesis

Given a Chinese character, when all of its components are
available, we can synthesize its glyph, vectorize the glyph [26],
and use tools such as FontForge [9] to merge the glyph into the
user specific font file.

A component may appear more than once in the select
subset. For example, Chinese characters 7 and F¥ were both
selected when daily-usage frequency was considered in the
greedy algorithm. They both have a same component P , but in
different positions. Chinese characters & and 4 were another
group for component -+ , so were Chinese characters # and %
for the component % . As discussed in [23], the following
principals are adopted.

(a) A component at a similar relative position is better
than the one in other positions. For example, given a
target Chinese character 4#, the left component * is
chosen from 4 or 45 rather than from % .

(b) A handwritten component is better than synthesized
one. For example, given i#, a handwritten component
% extracted from P¥ is better than the one synthesized

from X and -} .

(¢) When more than one components are satisfied with (a)
and (b), we randomly choose one.

This gives freedom and variety in the glyph synthesis of
Chinese characters, but still keeps the synthesized glyphs in the
user’s handwriting style.

Then, we place the components according to size and
position information extracted from the standard Kai font in the
preprocessing phase, as shown in Fig. 1.
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Fig. 5. Number of selected Chinese characters using different criteria

III. EXPERIMENTS

In this section, we present the experiments and results. We
initially aimed at the 3,914 commonly-used traditional Chinese
characters encoded in both BIG5 [1-2] and T1 plane of CNS
11643 [3-4].

We first analyzed the component structure based on our
results reported in [24-25]. The greedy algorithm shown in Fig.
3 was used with 5 different criteria to find 5 subsets of Chinese
characters having all required components to synthesize the
3,914 Chinese characters. We then recruited several volunteer
testers using our APP to generate their personal handwriting
fonts.

A. Number of Chinese characters to be written

We tested the following 5 different criteria to find 5 small
subsets of Chinese characters having all required components
to synthesize the 3,914 commonly-used Chinese characters.

e Characters having more components first: we expected
fewer Chinese characters would be selected. Indeed, the
number was small. However, it unnecessarily selected
many complicated Chinese characters. For example, the

first five selected characters were &, B, B, JE, and fi.

Furthermore, it is probably not a good idea to require
users to write such complicated Chinese characters on a
small screen of a smartphone.

e Characters having less than 10 strokes first: in the
beginning the algorithm selected many simple Chinese
characters. This favors the user to write simple Chinese
characters, which however have less components. In the
ending, the algorithm selected some very complicated
Chinese characters such as j# and % . The number of
selected Chinese characters was largest.

e Characters easy to decompose first: in this study, if the
structure of a Chinese character is left-and-right or top-
and-bottom combination of two components, it was
considered easy to decompose. Thus, the proposed APP
can perform better to extract components from it. The

first five selected characters were 7, £, 7, 5 ,and # .

e Characters more frequently-used first: as described, we
prefer handwritten components rather than synthesized
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Fig. 6. Synthesized Chinese characters from components extracted from

volunteer testers” handwritings. In a cell, the left is in standard Kai style,
and the right is synthesized.
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Fig. 7. Synthesized Chinese characters that have flaws. In a cell, the left
is in standard Kai style, and the right is synthesized.
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Fig. 8. A demonstation of another user’s personal handwriting Chinese
font

components. The first five selected characters were 73,
-,%,%,and 7.

e Random selection: using this criteria, the algorithm in
each iteration randomly selected a Chinese characters
from the candidate pool. We ran the algorithm with this
criteria with 100 times. The average number was the
smallest.

Fig. 5 shows the numbers of selected Chinese characters
with different criteria. In general, the numbers were 400 or so.
We finally adopted the daily-usage frequency of Chinese
characters so that most frequently-used Chinese characters are
handwritten, but not synthesized. However, other subsets can
be used.

B. Synthesized Personal Handwriting Chinese Fonts

Fig. 6 shows some synthesized Chinese characters from
components extracted from users’ handwritings. In general, the
synthesized glyphs were satisfied by the volunteer testers.

However, some synthesized glyphs had flaws. As shown in
Fig. 7, some components attached to or crossed with each other
improperly. Some tiny flaws are acceptable, such as ¥ shown
in Fig. 6. Some are not acceptable. The component position
and size information extracted the standard Kai font is a good
reference. However, an avoidance algorithm is needed to avoid
attachment of components.

In Fig. 6 and 7, we also can see that the thickness of strokes
is different, even within a same characters. When the font was
used, as shown in Fig. 8, it is easy to see that these Chinese
characters were not well aligned. Some shifted far away from



the baseline. Some were too small or big. Since the variation of
users’ handwritings is typically large, furthermore fine-tuning
should be done, such as component attachment avoidance,
stroke thickness tuning, and so on.

IV. CONCLUSION

In this paper, we present an easy and fast solution for an
ordinary user to create a complete Chinese font of his or her
personal handwriting style. The user has to handwrite only 400
or so Chinese characters on a smartphone or pad. The proposed
APP will track every stroke and extract components from the
user’s handwriting. One character by one character, the APP
will collect more and more useful components, and synthesize
glyphs of other Chinese characters from these components.

To create a complete Chinese font of the 3,914 commonly-
used Chinese characters in one’s personal handwriting style,
the user has to handwrite 400 or so Chinese characters. In the
experiment, at first glance, the synthesized Chinese characters
were satisfied by the volunteer testers, although some of them
still require fine-tuning. A further evaluation is undergoing,
including the cost and performance analysis of the proposed
solution and satisfication of the APP and quality of synthesized
Chinese characters.

Currently, we are conducting a larger experiment to create
personal handwriting Chinese font of Unicode 1.1, which
encodes 20,901 CJKV Hanzis, including traditional, simplified
and other Chinese characters encoded in BIGS and GB 2312
respectively. Based on the result of reported in [25-26], the
proposed component structure analysis for glyph synthesis of
Chinese characters is undergoing.

As well, we are going to study the component attachment
avoidance problem, stroke thickness tuning problem, and
related typography problems of handwriting Chinese font.
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