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Abstract
�ere exist thousands of Chinese characters, used across several countries and languages. �eir huge
number induces various processing difficulties by computers. One challenging topic is for example the
automatic font generation for such characters. Also, as these characters are in many cases recursive com-
pounds, pattern (i.e. sub-character) detection is an insightful topic. In this paper, aiming at addressing
such issues, we describe a segmentation method for Chinese characters, producing wire-frame models,
thus vector graphics, compared to conventional raster approaches. While raster output would enable only
very limited reusing of these wire-frame models, vector output would for instance support the automatic
generation of vector fonts (Adobe Type 1, Apple True Type, etc.) for such characters. Our approach
also enables significant performance increase compared to the raster approach. �e proposed method is
then experimented with a list of several Chinese characters. Next, the method is empirically evaluated
and its average time complexity is assessed.
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1 Introduction
Chinese characters are numerous (thousands) and used in several languages and writing systems such
as in Japanese and Korean. Because of their huge number, various computer processing difficulties
arise. For instance, one challenging topic is the automatic font generation for such characters. Also,
interestingly, Chinese characters are often recursive compounds: for instance, the character榎 hackberry
tree consists of the character 木 tree horizontally combined with the character 夏 summer. �is way,
several “layers” of sub-characters can be often identified from the characters [7, 12]. Automatic and
efficient character pattern (i.e. sub-character) recognition is an important topic with various applications
(font generation, compression, etc.).

A conventional approach for two-dimensional image segmentation is thinning [10, 11]. �is image
processing technique is usually based on either convolution matrix application or decision tree, anyway
pixel-based methods: this is the raster (bitmap) approach. It obviously requires going through each of
all the pixels making the image to be segmented. Such a raster approach thus has for disadvantage that
1) the segmented result is only valid for the original image, no scaling up or down is possible, or at
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significant precision and accuracy loss, and 2) a high time complexity, at least linear in the size of the
source image, and 3) induced further complexity for segmented model analysis: raster analysis again
required, or intermediate vectorisation.

Our objective in this paper is to propose a segmentation method for Chinese characters aiming for
instance at the fast automatic generation of a character pattern database for facilitated character decom-
position [5, 4, 3]. Segmentation here means that a two-dimensional wire-frame model of a character will
be produced by extracting the character “spine”. Also, as other application example, once characters
have been segmented, it will provide a base for fully automatic Chinese character font generation, a
famously difficult topic [13].

Our strategy is as follows: instead of conventionally segmenting Chinese characters from a bitmap
image (raster graphics), we first generate the character list using vector graphics, concretely with the
SVG format [14], before going on with segmentation. Compared with those of previous works, this
approach has for significant merit that the resulting wire-frame models are also vector graphics, and that
the time complexity required to segment a character is significantly reduced compared with that required
by the conventional raster graphics approach. Informally, the time complexity is reduced from linear
to logarithmic in the size of the character raster image. Furthermore, analysis (e.g. character pattern
analysis) of the obtained vector graphics wire-frame model is greatly facilitated compared with that of a
raster wire-frame model, and additional processing of the wire-frame model, such as font generation, is
significantly better since a raster wire-frame model would induce a bitmap font (PCF, FON, etc.) with
its well-known shortcomings compared to an outline font, i.e. a “modern” vector (scalable) font (e.g.
Adobe Type 1 [8], Apple TrueType [1], OTF, etc.), or would first require vectorisation of the obtained
raster wire-frame to then produce an outline font, but then at a higher total complexity since in two steps:
rasterisation, followed by vectorisation. In addition and importantly, ourmethod enables instant mapping
of a segmented character to its Unicode (or any other encoding: Shift JIS, EUC, etc.) representation.

2 Preprocessing: character list as vector graphics
�e aim of this preprocessing step is to produce vector graphics from Chinese characters for further
processing. �is is achieved as follows (we rely on the Inkscape vector drawing software [2]).

1. Create a new text object and type-in or paste the desired Chinese characters. A common scenario
is to first copy an extensive list of Chinese characters to be processed, like the list of the Japanese
regular-use characters [9], and then to paste this list inside the Inkscape text object.

2. Select the newly created text object and convert it to a path with the Object to Path command.

3. Save the file (SVG format by default, which is suitable). In the example of the list of the Japanese
regular-use characters, a 2MB SVG file is generated.

�e generated SVG file is structured as follows: each character corresponds to one SVG path ele-
ment. All such path elements are grouped under an SVG g element. Each path element (i.e. path for one
character) is defined using the d attribute which declares the path nodes and node connection (straight
lines and Bézier curves in our case). As example, the path element for the character圧 is given below.
1 <path
2 d="m 355.3125,119.50507 30.46875,0 0,2.96875 -27.34375,0 0,17.5 q 0,7.34375 -3.75,11.5625 l

-2.34375,-2.5 q 2.96875,-3.125 2.96875,-9.6875 l 0,-19.84375 z m 19.0625,5.46875 q
1.25,0.46875 -0.15625,0.9375 l 0,7.1875 10.46875,0 0,2.96875 -10.46875,0 0,12.34375
13.28125,0 0,2.96875 -28.59375,0 0,-2.96875 12.1875,0 0,-12.34375 -9.375,0 0,-2.96875 9.375,0
0,-8.125 3.28125,0 z"

3 style=""
4 id="path3595" />
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3 Character segmentation
Our implementation of the proposed segmentation method has been realised with the Racket functional
programming language [6]. First, let us introduce the terminology employed hereinafter. As explained,
a character corresponds to one SVG path. An SVG path is made of nodes which are connected each
other with lines or curves. Each such path declares one or more sub-paths; we call a sub-path a segment.
In other words, a path, and thus a character, is defined as a set of segments; we call such set a segset.
Next, it is important to note the following property of a segment: since corresponding to one or more
strokes of a character, each stroke having some thickness, each segment is a closed shape (polygon).

Each segmentation step described in the Sections 3.1 to 3.5 below will be illustrated with the same
character暖 warm in order to easily follow the segmentation progress.

3.1 Obtaining the character shape
�efirst task is to parse the previously generated SVG file to load each node of a path. SVG file loading is
conducted by the Racket modules xml and xml/path. Path parsing is done using the lexer implemented
by the Racket module parser-tools/lex. We define nine empty lexer tokens corresponding to the
SVG path commands m/M moveto, l/L lineto, q/Q curveto, z/Z closepath and the end-of-path signal. In
addition, one valued token is used to parse path command parameters (coordinates).

Once the path nodes have been obtained, they are connected either with a straight line or with a
quadratic Bézier curve. Such node connection is parametrised with a sampling value δ ∈ R>0 defining
the number of points to take in order to connect two nodes. �is sampling rate thus directly impacts the
smoothness of the obtained character shape. Concretely, the sampling value δ is the maximum distance
between any two adjacent points. A sample output of this step is illustrated in Figure 1.

Figure 1: Obtaining the character shape from the SVG data.

It is important to note that while an SVG path declares only a few nodes (as few as necessary to
reproduce the character shape), for instance 30 nodes in the SVG path example given in Section 2, our
model introduces several times more points as specified by δ the sampling rate, for instance 83 in the
path example of Section 2 with δ = 5.

3.2 Detecting inner and outer segments
Because some characters, such as our example 暖, include overlapping segments (i.e. segments that
include one or several holes), we next have to distinguish between what we call outer segments, that is
a segment defining the outside shape of a character stroke (or stroke compound since one segment can
correspond to several character strokes as in Figure 1), and inner segments, that is a segment defining
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