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Segmentation and Recognition of Chinese Charactersin Cursive
Script in Calligraphy Documents
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The caligraphy is one of the
guintessence of Chinese culture. The Chinese
cursive script is a quite complicated style in
calligraphy script styles. In this project, we
design an automatic segmentation and
recognition system for Chinese characters in
cursive script. Thus, we can preserve the
Chinese characters in cursive script in a
database. The input of our system is binary
Chinese cursive script calligraphy image
without noises. Our system contains two
major modules: characters segmentation and
characters recognition. In the characters
segmentation module, we first construct a
shortest distance map that contains each
shortest path for each point of the input
image. Then combine the shortest distance
map with the vertical projection to find the
vertical text line segmentation paths. Next,
we apply the shortest distance map in each
text line to obtain initial horizontal character
segmentation paths. Finaly, reduce the
horizontal character segmentation paths by
using the path constraints and cursive script
features. In the characters recognition module,
in order to find agood OCR engine that has a
high recognition rate for Chinese characters
in cursive script, we consider four statistical
feature  extraction methods:  contour
directiona features, crossing count features,
Okas celular features and Periphera
background area features. We combine these
four feature extraction methods with five



feature distance measurements methods to

select our OCR kernel with a highest

recognition rate of our testing characters in

cursive script.

Keywords:. cursive script , calligraphy,
segmentation, recognition

1. Introduction

Cursive script originated in the second
century B.C. as an abbreviated form of
clerical script. It is matured in the third and
fourth centuries A.D., culminating in the
caligraphy of Wang Hsi-chih(303-361).
Cursive script is a shorthand form used for
personal notes and letters. Therefore, touched
characters appear frequently in cursive script.
The qualities of cursive script vary with the
freedom of brush and ink and large variations
in handwriting of different authors. In order
to preserve the Chinese characters in cursive
script, three problems will be concerned.
They are segmentation of an irregular
caligraphy image and connected Chinese
charactersin cursive script and recognition of
Chinese characters in cursive script. The
system proposed here contains two major
tasks: segmentation and recognition.

For image segmentation,
methods have been proposed in the literature.
Lu[l] presented and overview of machine
printed character segmentation. Lu and
Shridhar[2] also reviewed handprinted word,
handwritten numera and cursive word
segmentations. Casey and Lecolinet[3]
classified character segmentation methods
into three strategies. (1)dissection methods,
(2)halistic methods, and (3)recognition-based
methods.

Two major approaches locating possible
segmentation positions are projection profile

severd

analysis and connected-component extraction.
The former approach projects all black pixels
in the X-axis(or Y-axis) and selects positions
whose numbers of accumulative pixels are
smaler than a threshold as possible
segmentation positions. The latter one
merges neighboring connected runs that
consist of continuous black pixels to be
connected components. The boundaries of
these components are considered as possible
segmentation  positions. However, these
methods are limited in that they can only
detect “linear” segmentation paths. Wang and
Jean[5] derived a non-linear cutting path
from touching characters by identify the
shortest path. Tseng and Leg[4] applied a
probabilistic Viterbi agorithm to obtain
non-linear possible segmentation paths from
an entire text line. To reduce the number of
possible segmentation  paths,
checking rules are employed to remove
redundant segmentation paths. In the system,
we first segment the input calligraphy image
into vertical text line images. Then, we
segment horizontal character segmentation in
each vertical text line into Chinese characters
in cursive script images. Finally we recognize
the character images with our cursive script
OCR kerndl.

2. Vertical Text Line Segmentation

2.1 Segmentation Path and Shortest Distance

Map

heuristic

In vertical segmentation, a segmentation
path is a set of consecutive points and
connects two points in both top and bottom
edges of the image. A text line is the area
between two segmentation paths. Figure
2.1.1 shows the imaginative vertical text line
segmentation result of a Chinese cursive
script image.



Figure 2.1.1 Imaginative segmentation path and text
line
2.1.1 Vertica segmentation paths

Because of the large variations in
Chinese cursive script handwritings, the
vertical segmentation paths (Figure 2.1.2)

must conform to the following three demands:

(1) the direction of a segmentation path is
4-way; (2) the cost defined on a segmentation
path is less than all paths which have the
same start point and end point (Shortest
path) ; (3) Down-ward first.

| {
Figure 2.1.2 Vertical segmentation path
2.1.2 Shortest distance map

Here, we design a shortest distance map
to obtain the shortest path of all pointsin the
image to some given points.
Def. 1: A starting line is and edge of the

given image for the beginning of the
segmentation paths.

Def. 2: An ending line is the opposite edge of
the starting line in the image.

Def. 3. Starting points of the segmentation
paths are all points on the starting line.

Def. 4. A city-block distance is the
coordinate difference of a path movement
from a point (x, y) to its neighboring point,
{1, y), (x-1,y), (x y*+1), (X y-1)}}.

Def. 5: A shortest path to a given point (x, ¥)

is a path from a starting point to the point to
the point that has the minimum sum of
city-block distances. Let Dy, denote the
minimum sum of city-block distances of the

point (X, ).

Figure 2.1.3 An example of shortest distance map
2.2 Variants of the Shortest Distance Map

In figure 2.2.1, Paths A, B, C and D are
possible vertical segmentation paths. But in
observation, Paths A and C are imperfect
vertical segmentation paths because they pass
through characters. Paths B and D are the
wanted vertical segmentation paths.

Figure 2.2.1 Possible vertical segmentation path
2.2.1 A property of Chinese characters

If a segmentation path passes by the
right side of asmall radical of a character, i.e.,
passes through the character, it may turn left
in its following moves. We design a path
finding algorithm that can avoid this situation.
Therefore, we define weights on city-block
distances to make vertical segmentation paths
right-turn more easily than left-turn.



Def. 7: The weighted distance between a
point and one of its 4-neighbor is determined
by the color, black or white, of the point and
the location of the neighbor, top, bottom, left
or ri%ht, of the rl:ei ghbor. 1
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Figure 2.2.2 weighted distance and the experimental
result
2.2.2 Shortest path back tracing

In figure 2.2.3, PathA and PathB are ina
tie condition in a part of shortest distance
map, but only one path is required for the
segmentation path. The breadth-first search
(BFS) is adopted to construct the shortest
distance map.
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Part of shortest
distance map

Figure 2.2.3 The tie condition of two path
2.3 Vertical Text Line Segmentation Path
2.3.1 Initial segmentation paths

The initidl segmentation paths are
selected with athreshold, Vi

V,, :éwﬁ, where w is the image

o 2W

width. If two initial segmentation paths are
very close, we choose the one that has the
smaller weighted city-block distance D;p in
the distance map, where h is the height of the
imag.
2.3.2 Segmentation path refinement

The following condition is used. (1) The
starting line is the top edge of the input
image. (2) Set the weighted distance B1~B4,
Wi1~W4 according to our experimental result.
2.3.3 Error correction

If a component c is small and very close
to a segmentation path, we reassign this
component c to the text line that has a nearest
connected component with the component c.
3. Horizontal Character Segmentation

The horizontal segmentation paths must
satisfy to the following four demands: (1) the
direction of a segmentation path is 4-way, (2)
the shortest paths from points in the left edge
of the image, (3) right-ward first, (4) black
points crossed.
311 Initial
Segmentation Path

We train the weighted distance to make
the segmentation path cut the stroke which
connects two characters from left-up to
right-down.

3.1.2 The weighted shortest distance map of
al pointsin atext line

The following conditions are introduced:
(2) the starting line is the left edge of the text
line, (2) set the weighted distances B1~B4,
WI1~W3 according to our experimenta result.
Then, for each point (w, y) at the rightmost
column of the weighted shortest distance map,
we can find a shortest path by tracing the
backward edges from the point.

3.2 Candidates Selection and Reduction

We use two strategies to determine the
horizontal character segmentation path.

1. Select candidates according to path
constraints.

2. Reduce candidates by rules about the
features of the Chinese cursive script.

3.21 Paths seection using the path

constraints

Three constraints is adopted to
determine the candidates of horizonta

Horizontal Character



character segmentation paths.

Constraint 1: Only one path is kept in the gap

of two consecutive components.

Constraint 2: Only one path is selected from

partialy overlapping paths.

Constraint 3: A path cannot cross more than

two components.

3.2.2 Paths Reduction

We try to reduce the candidate
segmentation paths by using four cursive
script features listed below. (1) The last
vertical stroke of a character may be very
long. (2) Joints between strokes in a character
may be very narrow. (3) Small components

appear more frequently at the top of a

character than at the bottom. (4) Components

in the same character cannot separate too far.

Reduction Procedure

1. Assume a candidate path Path; is selected
from the middle of the gap of two
consecutive components. If the height of
this gap is over a threshold, set Path;as a
confirmative path.

2. For a character section CS between
candidate paths Path; and Path;.s, if only
one of Path; and Path;,; is a confirmative
path, remove the path that is not a
confirmative path from the candidate
paths.

3. For a character section CS between two
candidate paths Path; and Path;.;, and
none of Path; ad Path;.;is a confirmative
path. Reduce the candidate paths by some
conditions.

4. If candidate paths have been reduced in
Step 2 or 3, recalculate the information of
the character sections and go to Step 2,
otherwise stop.

4. Chinese Cursive Script OCR Kernel
4.1.1 Non-uniform  segmentation  of
characters

In order to accommodate handwriting
variations, a 2-D character image is first
segmented non-uniformly into 8 strips in
both the horizontal and vertical directions.
These strips have the same numbers of black

pixels.
4.1.2 Features
Four features, Contour directiond

features (CD), Crossing counts features (CC),
Okas celular features (Celular) and
Peripheral background area (PBA),
adopted in the OCR kernel.
4.2 Measurements of Feature Distance
We evaluate these five measurements of
distance between the input character and our
training samples of Chinese characters in
cursive  script. Minimum

dim
dxm)=a |x-v,| where X=(X1, X2,...,Xdim)
i=1

are

distance:

be the feature vector of an input pattern and
m, =(m,,m,,...m.) be the mean vector of

7 J1r P20 T dim
the reference character j. Other four methods
about measure distance are Euclidean
distance, Cross correlation  distance,
Modified Mahaanobis distance and L-Y
distance.

4.3 Feature Weight
Feature weights are used to combine
feature distance from different feature

extraction method.
5. Experimental results

We will evauate the feasibility of our
segmentation and recognition method. The
test images contain 55 calligraphy images
from fie different ancient Chinese cursive
script caligraphers. Table 5.1 shows the
segmentation result of each calligrapher’s



caligraphy documents. We judge a
segmentation fallure by grouping one
component of a character into another
character. The total vertica text line
segmentation success rate is 98.23%, and the
total horizontal character segmentation
success rate is 84.06%.

Table 5.1 Vertica text line segmentation and
horizontal character segmentation result
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