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Abstract

We develop a novel method for feature point detection
and employ it to generate outline font from historical docu-
ment of Chinese calligraphy. The feature points at a char-
acter contour subdivide the contour into segments. Each
segment can be then fitted by a parametric curve to obtain
the outline font. Some experimental results are also pre-
sented in the paper.

1. Introduction

As the art of writing Chinese characters, Chinese cal-

ligraphy has a long history more than four thousand years.

Currently, with the development of digital library, a large

number of ancient Chinese calligraphy documents have

been transformed into digitized form by scanning them into

computer. Recording calligraphy document images at pixel

level requires a lot of storage space [1]. Therefore, it is

necessary to convert these character images to outline font,

such as True-Type Font [2]. In True-Type Chinese font,

every character is represented with one or several closed

contours, and each closed contour is comprised of one or

more contour segments, which are fitted with straight lines

or Bézier curves according to their bending strength. Out-

line font form of ancient Chinese calligraphy is also conve-

nient for research of digital calligraphy document, calligra-

phy character recognition, calligraphy document press, and

calligraphy education.

However, the scanned document images of Chinese cal-

ligraphy are generally noisy, as a result, the detected char-

acter boundaries from the document images are usually

rough, the feature points are thus hard to be detected ac-

curately. Research on feature point detection(FPD) from

planar shapes has been conducted for a couple of decades,

and many methods have been proposed [3]. These meth-

ods mainly fall into two categories, curvature scale space

(CSS) based methods [4][5] and region of support (ROS)

based methods [6][7]. The ROS [8] based FPD algorithms

mainly depend on the decision of a region of support for

every point on the curve. However, the ROS is difficult to

accurately determine, especially when the contour is noisy.

Most of the previous methods need pre-defined parameters

for determining the ROS. The scale space concept was in-

troduced by Witkin [9]. And the CSS based FPD algorithm

has been suggested that if too large a scale is selected, some

feature points of fine features will be missed, and vice versa

[8]. It is also computationally intensive due to the iterative

convolutions.

In this paper, we propose a novel algorithm for detect-

ing feature points on the noisy character contours extracted

from historical calligraphy images. The key advantages of

our method are that the calligraphic characteristics of the

original characters is retained and the noises are removed

from the character outline in the resulting outline font.

In recent years, some research has been carried out to

concerning the geometric shape of Chinese font, such as

shape description with parametric curves and straight lines

[10][11], or skeletal strokes [12]. Shamir and Rappoport

[13] presented an algorithm for automatically extracting ty-

pographic elements of typefaces from their outline repre-

sentation, which is one of the most important stages in

digital font production. Su et al. [14] proposed an algo-

rithm to simulate the elegant brush strokes found in calli-

graphic characters and black ink paintings utilizing the in-

terval spline. And Ip et al. [15] developed a fractal-based

outline font description that is able to capture the outline

characteristics of calligraphic writings. Other methods fo-

cused on the brush stroke’s boundary [16][17][18] and its

trajectory [19]. Shamir and Rappoport [20] introduced a

parametric method to compactly represent existing outline

based oriental fonts. Based on the shape representation of

a character, the process of rasterization is applied to gener-

ate the image of the character. For the purpose of desktop

publishing [21], the problems generating new fonts were ad-

dressed by [22] and Pan et al. [23]. Henmi and Yoshikawa

[24] described a virtual calligraphy system. Wong and Ip
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[25] used the cone and some ellipses to synthesize Chinese

calligraphic writings. There are also hardware approaches

to implementing brushes, such as the one by [26]. From the

viewpoint of font design and geometry modeling of Chi-

nese font, our work approaches this problem differently as

compared to the research outlined above.

Another research field related to our work is about vec-

torizing image. The method concerned with vectorizing im-

age is widely applied, such as in the area of raster to vector

conversion of engineering drawings [27], the aim of vector-

ization is usually to convert the image represented by pixels

into vectors and other simple geometrical units. For exam-

ple, Janssen and Vossepoel [28] proposed a novel method

for vectorizing line drawing images, their method is based

on a sequence of a standard vectorization algorithm and

maximum threshold morphology, and the curves are rep-

resented with sequences of short straight lines. To compute

parametric curves for approaching the data points, Chang

and Yan [29] presented an optimization technique to vector-

ize hand-drawn key frames in a computer-aided cartooning

system. Van Nieuwenhuizen et al. [30] provided a method

for computing a vector representation of an arbitrary line

in a raster image, their method integrates contour following

and median line determination, and also offers an interactive

way to choose directions while tracking line crossings and

branches. Hilaire and Tombre [31] presented a method to

vectorize the graphical parts of paper-based line drawings.

Their method includes separating the input binary image

into layers of homogeneous thickness, isolating the skeleton

from each layer, and segmenting the skeleton by a method

based on random sampling. Yang et al. [32] proposed a

method to vectorize Chinese characters in calligraphy doc-

uments. They focused on the approximation of character

contours based on the adjustment of control points of cubic

Bézier curves. They also detected the feature points from

the traced character contours depending on a presetting cur-

vature threshold. In fact, this method is impractical for a

real-life application, because the characters from the docu-

ment image may be comprised of several different contours.

It is tedious work to set different curvature thresholds for

different contours.

The remainder of this paper is organized as follows. In

Section 2, the preprocessing for outline font generation is

introduced. In Section 3, a linear regression based FPD

method is proposed. In Section 4, a curve approximating

method is presented to express the character contours in out-

line font form. Section 5 present some experimental results

and Section 6 draws a conclusion.

2. Character outline extraction and tracing

To extract the outline of characters from calligraphy doc-

uments images, we choose Canny operator [33] as the out-

line detector. Canny operator is an optimal edge detector

and also the most commonly used edge detector. Canny op-

erator works in a multi-stage process. It smoothes images

using a Gaussian kernel to reduce false edge points, and

suppresses a point if its gradient magnitude is smaller than

either of its two neighbors along the gradient direction.

Let I denote an input binary character image, after the

character outline is extracted, the value of outline pixels

is set 0 and the value of other pixels is set 1 to get a bi-

nary image Ic. We save all pixels with 0 value in a list

L(l1, l2, ..., lk), and record the pixels of each closed contour

in lk in clockwise direction according to the result of con-

tour tracing. To trace a closed contour, we scan the pixels of

Ic from bottom to top and left to right until a black pixel s is

found, s is taken as the start point for contour tracing. The

tracing process terminates when s is visited again. Most of

Chinese characters consist of multiple strokes, thus we may

get several closed contours after the character outline is ex-

tracted. In the case of multiple closed contour need to be

traced, we use a flag f for every contour point, if a pixel is

traced, its flag f is set to be 1, otherwise the flag f is set to

be 0. The use of flag in our system ensured that all closed

contours to be traced.

3. Feature points determination using linear
regression method

In this section, we will explain the linear regression

method for feature point determination from character con-

tour. First, we select some basic strokes and overlapping

stroke components to construct a sample database. Second,

we use the linear regression to reveal the relation between

the curvature sum of stroke contours and the standard de-

viation of Gaussian kernel. Based on the regression line,

we can compute a standard deviation of Gaussian kernel for

the given curvature sum of a new character contour and use

it to smooth the given stroke contour. Candidates of fea-

ture point can be obtained by computing local extrema from

the smoothed curvature function at this standard deviation.

And the final feature points on the character contour are de-

termined by applying an angle threshold derived with PCA

method.

A Chinese character may contain basic strokes ranging

from 1 to about 30, in which some basic strokes may over-

lap each other to form different components. These ba-

sic strokes and overlapping stroke components may result

in closed contour corresponding to their outlines. So we

should take both basic stroke and overlapping stroke com-

ponents into account. We choose 120 representive strokes

and components to construct the sample database.

After the sample database is constructed, we extract their

outlines and calculate the absolute curvature for each point

on the closed contour. The curvature function is then con-



volved with a Gaussian kernel. And the standard deviation

of Gaussian kernel is selected according to the noise level of

stroke contour by users interaction. Generally, the Gaussian

function is defined as

g(s, σ) =
1

σ
√

2π
e

−s2

2σ2 (1)

where σ is the standard deviation of Gaussian kernel, acting

as the scale. The convolution at the scale σ between the

curvature function and the Gaussian function is

C(l, σ) =
∫ u=l+ L

2

u=l−L
2

c(u)g(l − u, σ) du. (2)

Here, L is the total length of the curvature curve, and it is

equal to the number of total points on the contour. c(u) is

the absolute curvature at the contour point, and C(l, σ)is the

convolution curvature curve at the scale.

According to our experiment, the selected standard de-

viation σ for smoothing a given character contour is related

to the curvature sum of the character contour. To reveal

the relation between the curvature sum and the standard de-

viation of Gaussian kernel, for each contour in the sample

contour database, we compute the curvature sum by adding

curvatures of all contour points on a single closed contour

together, and select an optimal scale σ by user interaction.

Taking the curvature sum as x-coordinates, the scale as y-

coordinates, a discrete point set (xi, yi), i = 1, 2, ..., n, is

obtained in the x-y plane.The relation between the curva-

ture sum and the scale can be constructed using the linear

regression model [34]. Thus, if given a character contour,

after calculating its curvature sum, the scale for smoothing

the curvature function can be determined. And then, the

points on the character contour, which correspond to the

local extrema of the smoothed curvature function, are ex-

tracted as the feature point candidates. Feature point can-

didates derived from the linear regression contain both true

feature points and false feature points caused by noise. We

preserve the true feature points and discard false ones.

4. Contour segment approximation

With the feature points determined above, a character

contour is divided into some contour segments, and each

contour segment is constituted by a sequence of contour

points between two adjacent feature points. We depict the

contour segment with a parametric curve. In computer-

aided geometric design, computer graphics, computer vi-

sion, and pattern recognition, fitting contour points with a

smooth curve is a frequently encountered issue. It is beyond

our scope to give a comprehensive review of the different

methods for curve fitting. Our method for approximating

the contour segment is similar to that of Sarfraz and Khan’s

[35], but with some modifications. We describe the con-

tour segments with Bézier curves and straight lines. Bézier

curves are a common choice for the approximating curve. In

the case the Bézier curve is selected, we need to determine

the control points of Bézier curves. And to represent the

contour segments using Bézier curves, the control points for

Bézier curve need to be determined. We use the least square

fitting to determine the control points of Bézier curves. In

the following, we just describe how to obtain the control

points of a cubic Bézier curve. As for quadric Bézier curve,

it is computed with the same way. Generally, a cubic Bézier

is expressed as follows:

Q(ti) = (1 − ti)3p0 + 3ti(1 − ti)2p1 + 3t2i (1 − ti)p2

+t3i p3, 0 ≤ i ≤ n − 1
(3)

where P0, P1, P2, P3 are the four control points of the cu-

bic Bézier, and P0 = S, P3 = E. The least square fit is

obtained by choosing the P1 and P2 , so that

ρ =
n−1∑
i=0

[pi − Q(ti)]2 (4)

achieve a minimum. This requires:

∂ρ

∂p1
= 0,

∂ρ

∂p2
= 0. (5)

P1 and P2 can be obtained by solving the above equation,

which together with two end points P0 and P3 are used as

the control points to generate a cubic Bézier to fit the con-

tour segment. In Fig.1 and Fig.2. Where the green, blue,

and black curves suggest that the contour segments are fit-

ted with straight lines, quadric Bézier, and cubic Bézier re-

spectively.

5. Results

In this section, two test examples are presented to

demonstrate our method. The test calligraphy images were

obtained through scanning of published tablet images.

In Fig.1 and Fig.2, the left of each figure is the origi-

nal binary image, the middle illustrates the detected outlines

and feature points, and the right demonstrates the fitting re-

sult with parametric curves. Although the images are noisy

on the character’s outline, especially the character in Fig.2,

our method is still able to detect the feature points correctly.

And the fitting result of the character outline looks satisfac-

tory.

It should be pointed out that, in the case that the charac-

ter contour is very noisy, our method is unable to achieve

good results, because false feature points caused by noise

are compatible with true ones in sizes.



Figure 1. Chinese character ”Qian”. Left: binary image; Middle: contour and feature points; Right:
the fitting result.

Figure 2. Chinese character ”Xie”. Left: binary image; Middle: contour and feature points; Right: the
fitting result.



6. Conclusion

In this paper, a scheme is proposed for the vectorization

of ancient Chinese calligraphy document images. With the

scheme feature points are detected from character contours

and contour segments are approximated with the straight

lines and Bézier curves. The resultant contours look much

smoother than that of the noisy contours as demonstrated by

the examples in this paper. And the generated outline font

preserves the style of the original calligraphy well, which

can facilitate the further operation of the calligraphic char-

acters, such as using the outline of calligraphic characters

in advertising design. We also expect that the system can be

used for computer-aided typeface design.
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