Touching Character Splitting of Chinese Handwriting Using Contour Analysis and
DTW

Liang XU, Fei YIN, Cheng-Lin LIU

National Laboratory of Pattern Recognition
Institute of Automation, Chinese Academy of Sciences, Beijing 100190, P.R. China
E-mail: {Ixu,fyin,liucl} @nlpr.ia.ac.cn

Abstract: The splitting of touching characters remains a challenge in over-segmentation, which is crucial to the performance of integrated

segmentation-recognition of handwritten character strings. In this paper, we propose a new method based on contour analysis for touching character
splitting in Chinese handwriting. To reliably locate splitting points on the contour of touching pattern, we pair upper and lower contour points using
DTW (dynamic time warping) such that a corner point in upper/lower contour can be always paired with a proper contour point of opposite side
for forming a splitting path. The splitting paths can then be verified by incorporating character recognition and contextual information. Our

preliminary experiments on an image database of unconstrained Chinese handwriting demonstrate that the proposed method can give high recall

rate of segmentation point detection.
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1. INTRODUCTION

Character string (word, sentence or text line) recognition is
one of essential tasks in document image analysis. Due to the
irregularity of between-character spacing, touching characters
and the variability of character shapes, the recognition of hand-
written character strings remains a great challenge. To over-
come the difficulty of character segmentation, the strategy of in-
tegrated segmentation-recognition is widely adopted for hand-
written character string recognition. By this strategy, the char-
acter string image is over-segmented into primitive segments
each composing a character or sub-character, and the prim-
itive segments are grouped into characters in string recogni-
tion incorporating character recognition and contextual infor-
mation. The string recognition performance crucially relies on
the over-segmentation, which is hoped to detect all the between-
character boundaries and generate few redundant boundaries
(false alarms).

Many methods have been proposed for alphanumeric char-
acter string (word) segmentation [1, 2], and some works have
focused on the splitting of touching characters (multiple charac-
ters in a connected component, also called a touching pattern),
which appear frequently in both printed and handwritten im-
ages. After connected component labeling, the connected com-
ponents possibly containing multiple characters are analyzed to
split at possible between-character boundaries. According to
the features analyzed, the methods of touching pattern splitting
can be categorized into foreground-based methods (including
contour analysis [3] and skeleton analysis), background-based
methods (including background thinning and concavity analy-
sis [4]), and hybrid methods combining foreground and back-

ground information [5].

Compared to alphanumeric handwriting, the segmentation
of handwritten Chinese characters poses some new challenges.
First, Chinese handwriting must be recognized at sentence or
text line level because there is no extra between-word space.
Second, many Chinese characters consist of multiple compo-
nents (radicals), and so, within-character gaps and between-
character gaps are mixed. Third, Chinese characters have com-
plicated structures and form complicated types of between-
character touching. Some touching patterns of Chinese hand-
writing are shown in Fig. 1, where some touching points are
difficult to detect(e.g.(e) and (f)).
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Fig. 1: Examples of Chinese touching patterns.

Chinese handwriting segmentation has been attacked by
some researchers in different ways. Some methods ([6, 7, 8]) try
to separate characters before recognition and thus can be called
as dissection-based methods. Such methods locate between-
character boundaries merely according to geometric features,
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and would lead to good performance if combined with char-
acter recognition and linguistic context. The method of Tseng
and Lee [9] combines candidate splitting path generation and
character recognition. The character separation techniques in
these works, stroke extraction and grouping [6], probabilis-
tic Viterbi algorithm [9], background and foreground skeleton
analysis [7, 8], have some demerits despite their merits. Stroke
extraction itself is an unsolved problem, the probabilistic Viterbi
algorithm is computationally expensive and generates too many
splitting paths, and background/foreground thinning generates
distorted and spurious skeleton branches and some splitting
paths do not correspond to skeleton branches. The method of
Liu et al. [10] segments seven touching types in Japanese hand-
writing but fails to segment more complicated, though infre-
quent touching types.

In this paper, we focus on touching pattern splitting in Chi-
nese handwriting for over-segmentation. We aim at a high re-
call rate of between-character boundary (splitting point) detec-
tion but allow low precision, i.e., a character is allowed to be
segmented into multiple fragments. Provided that the between-
character boundaries are included in splitting points, the char-
acters can be correctly segmented in string recognition incor-
porating character recognition and contextual information. Our
method is based on contour analysis and can be viewed as an
improvement of the method in [10]. To reliably locate split-
ting points on the contour of connected component of touch-
ing pattern, we pair upper and lower contour points using DTW
(dynamic time warping) such that a corner point in upper/lower
contour can be always paired with a proper contour point of op-
posite side. The splitting paths formed by paired contour points
can then be verified by character recognition and contextual
information. Our experimental results on an image database
of unconstrained Chinese handwriting show that the proposed
method can detect the between-character splitting paths for
most touching characters.

The rest of this paper is organized as follows. Section 2 gives
an overview of the splitting method. Section 3 and 4 illustrates
the main procedures of touching pattern splitting: contour anal-
ysis and matching, splitting paths generation and validation.
Experiment results are presented in Section 5 and concluding
remarks are offered in Section 6.

2. OVERVIEW OF SPLITTING METHOD

In this work, we focus on the over-segmentation of touching
characters, particularly those of single touching. We choose the
contour analysis-based method because the contour of touch-
ing pattern has prominent shape information of splitting points,
which mostly lie at corner points. However, some splitting
points do not have corner points on both upper and lower con-
tour, such as the ones in Fig. 1(a) and 1(b). In the case of Fig.
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Fig. 2: Touching pattern splitting process.

1(b), both foreground skeleton and background skeleton cannot
locate the splitting point. Foreground thinning and background
thinning are also computationally expensive.

Except the ligature-type touching as shown in Fig. 1(d), al-
most all splitting points have at least one corner point at upper
or lower contour, and the splitting path can be formed by con-
necting a corner point on upper/lower contour with a contour
point (not necessarily corner) on the opposite side. Hence, the
task of splitting path formation is reduced to a problem of point
matching between upper and lower contours.

Our over-segmentation process consists of two stages: con-
nected component analysis and touching pattern splitting. Dur-
ing connected component analysis, connected components are
separated, and for subsequent touching pattern splitting, the
stroke width (SW) and text line height (L H) are estimated as
done in [10]. After merging connected components that are
highly overlapping in horizontal direction, the components with
large width or width-to-height ratio are possible touching pat-
terns and undergo the process of touching pattern splitting. In
cases of merged components, contour analysis is performed on
the widest connected component.

The touching pattern splitting process consists of four steps
as shown in Fig. 2. In contour analysis, the upper and lower
contours of touching pattern are traced, corner points are de-
tected, and the contour parts of protruding strokes are removed.
In contour matching, the points of upper and lower contours af-
ter protrusion removal are paired by DTW. Splitting paths are
generated based on contour matching, and finally, the touching
pattern is separated at splitting paths.

3. CONTOUR ANALYSIS AND MATCHING

In the binary image of touching pattern, both the upper con-
tour and lower contour are traced from the left-most stroke point
to the right-most stroke point. From both upper and lower con-
tours, corner points are detected using the algorithm of Rosen-
feld and Johnston [11]. For long contour segments without
prominent corner points, polygonal approximation [12] is ap-



plied to find extra break points. A break point is found when
the maximum point-to-chord distance is greater than a thresh-
old (set equally to estimated SW in our experiments). For a
touching pattern, Fig. 3(c) and Fig. 3(d) show the corner points
and break points, respectively. The corner points are classified
into concave points (Fig. 3(e)) and convex points (Fig. 3(f)).
Concave points are the corner points turning counter-clockwise
in upper contour and those turning clockwise in lower contour,
while convex points are the corner points turning clockwise
in upper contour and those turning counter-clockwise in lower
contour. The concave points and break points are feature points
for locating splitting paths.
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Fig. 3: Contour analysis on a touching pattern.

For locating splitting points and generating splitting paths,
the feature points need to be matched with contour points on
the opposite side. The matched points, one on the upper contour
and one on the lower contour, are expected to be on two sides of
a stroke such that the connected line between them cuts a stroke
or a horizontal bridge. A vertical stroke protruding upward or
downward does not form a bridge because its two sides are both
on the upper contour or lower contour, and therefore, cannot
be matched by upper-lower contour matching. We thus remove
such protruding strokes (Fig. 4(a)) before contour matching.

For identifying a protruding stroke, we examine three con-
secutive corner points C Py, C'P;, C' P, on the upper or lower
contour. If C'P; is a convex point and two lines (C' Py, C'Py)
and (C Py, C P,) are approximately parallel (the angle of C'P; is
nearly zero), the three points correspond to a protruding stroke.
To remove the protruding stroke, the contour points between
CPy and CP; are deleted from the edge point sequence of up-
per or lower contour. Fig. 4(b) shows the modified upper and
lower contours after removing protruding strokes. Removing
protruding strokes helps reduce the computation cost of contour
matching and improve the reliability of contour points pairing.
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Fig. 4: Identification and removal of protruding strokes.

After removing protruding strokes, the upper and lower con-
tours are matched by dynamic time warping (DTW). DTW is
a dynamic programming algorithm minimizing a string edit
distance for matching two sequences of points, and has been
widely used in matching time sequences such as speech sig-
nals ([13]). After DTW, the points of two sequences are corre-
sponded (alignment). The effect of alignment largely depends
on the edit costs (substitution, deletion and insertion costs).
To encourage upper/lower contour points with similar horizon-
tal coordinates to be matched such that segmentation paths are
nearly vertical, we set the substitution cost for two points as

dist = 6 x |dz| + |dy] (1)

where dx and dy are differences of horizontal and vertical coor-
dinates, respectively, and 6 is empirically set as 3. The deletion
cost and insertion cost are set the same as the substitution cost.

4. SPLITTING PATHS FORMATION

Candidate splitting paths are formed by connecting feature
points (corner points and extra break points) with their paired
points on the opposite side of contour found by DTW (if multi-
ple points are paired with a feature point, the one of minimum
distance is selected). The candidate splitting paths are ordered
from left to right, and some redundant splitting paths are re-
moved according to simple geometric rules.

For describing the validation rules for splitting paths, some
parameters are defined as below:

e Path;: the i-th splitting path, formed by a pair of upper-
lower contour points (at least one of them is a feature
point);

e dist;: modified city block distance as in Eq. (1) between
the paired contour points;

e [L,;: length of the ¢-th splitting path in number of pixels;
. L{ : number of foreground pixels on the i-th splitting path;

e z%, zl: horizontal coordinates of the upper and lower con-
tour points of i-th splitting path;



e y¥ yl: vertical coordinates of the upper and lower contour
points of ¢-th splitting path;

e z¢,ys: horizontal and vertical coordinates of the center of
1-th splitting path.

‘We have four validation rules as follows.

e RULEI: If the distance between the paired contour points
is too long (dist; > T1), the splitting path is invalid. 7 is
setas 61 x SW.

e RULE2: If dist; > Ty (Tp < Ty) and L /L; < 0, the
splitting path is invalid. 75 is set as 5 x SW, and 0 <
05 < 1.

o RUEL3: If a splitting path crosses a long vertical stroke,
the path is invalid. An example is shown in Fig. 5(a),
where the dashed line crosses a long vertical stroke, which
is identified by the maximum vertical run length (denoted
by doube arrow).

e RULE4: If two splitting pathes are close to each other
overlapped (|zf — :c;| < Tz, T3 = 04, x SW), one of
them is selected to be invalid as follows

(a) If the distance of one path is much larger than the
other, this path is invalid.

(b) If two paths have similar distances and vertical coor-
dinates, we check whether there is a vertical stroke
between them or not. If there is not a vertical stroke,
the paths are considered “visible” to each other, and
the one with larger distance is invalid; otherwise, the
two paths are “non-visible”, and both are valid to be
verified by postponed character recognition and con-
text. Fig. 5(b) and Fig. 5(c) show examples of non-
visible and visible splitting paths, respectively.

(b) Non-visible

(a) RULE3

(c) Visible
Fig. 5: Schematic illustration of validation rules

In summary, the above four rules are applied to remove re-
dundant splitting paths. The former three rules examine split-
ting paths individually considering the path distance and fore-
ground pixel ratio. The last rule examines the relationship be-
tween two neighboring splitting paths to see whether they are
confusing (non-visible) or not.

S. EXPERIMENTAL RESULTS

We evaluated the effects of the proposed splitting method
on an dataset of touching characters collected from the pub-
lic Chinese handwriting database HIT-MW [14] database. We
extracted 4,472 samples of single-touching Chinese character
pairs for our experiment, some examples are shown in Fig.1. All
the touching character images have correct (ground-truth) split-
ting paths annotated manually. We can decide whether a split-
ting path located by an over-segmentation algorithm is correct
or not by comparing with the ground-truth. We decide a split-
ting path to be correct if it is the closest to a ground-truth path
among all the candidate splitting paths and there is not long ver-
tical stroke between them (i.e., they are visible to each other).
The overall performance of over-segmentation is measured by
the recall and precision rates as well the harmonic average (F-
measure):

# of correct splitting paths

Recall = 100 2
ced # of ground-truth paths X % @
f t splitti th
Precision — 1 oteomectsplitting paths - o0, )
# of candidate splitting paths
2 x Recall x Precisi
F-measure — ——rooat X TTECASION 100%  (4)

Recall + Precision

In our experiments, the empirical parameters of our splitting
algorithm were set as 07 = 4.8, 02 = 2,05 = 0.9, 04 = 1.5.

We compare the performance of the proposed method with an
existing method that has shown success in Japanese handwrit-
ten character string recognition (Liu et al. [10]). Table 1 lists
the correct rates of the proposed method and the one of Liu et
al. It is evident that the proposed splitting algorithm achieves
a much higher recall rate than the one of Liu et al. It should
be noted that the method in [10] splits ligatures (which have no
corner points) by analyzing single stroke regions, but the pro-
posed method does not treat ligatures. By considering single
stroke regions, the proposed method can give higher recall rate.

The high recall rate implies most between-character bound-
aries of touching patterns are correctly located. Though there
are many extra candidate splitting paths (low precision), they
can be verified in postponed string recognition incorporating
character recognition and contextual information. On the con-
trary, if the between-character boundary is not located, the mis-
segmentation cannot be restored in string recognition. Thus, a
high recall rate is essential for character string recognition.

Fig.6 shows some examples of over-segmentation. Fig. 6(a)
shows the splitting paths located by the proposed method, which
include the correct one. Fig. 6(b) shows that the existing
method of Liu et.al.[10] fails to locate the correct splitting path.
This is because the touching portion does not conform to the
conditions of one of seven touching types in [10]. Figs. 6(c),
6(d) and 6(e) show touching patterns with correct splitting paths



Table 1: Performance of touching character splitting on
HIT-MW data.
Method Recall | Precision | F-measure
Liu et al. [10] 62% 60% 61%
Proposed method | 84% 16% 27%
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Fig. 6: Examples of touching character over-segmentation.

successfully located by the proposed method. In Fig. 6(f),
the proposed method fails to locate the annotated slant split-
ting path. This is due to the improper matching between upper
and lower contours, which we need to investigate further in the
future.

6. CONCLUSION

We presented a new over-segmentation method for splitting
touching characters in Chinese handwriting. The main feature
of the method is that we use DTW to pair contour feature points
with the best matched points on the opposite upper/lower side.
This enables the locating of splitting paths even when there is
no feature point on upper or lower contour. Our preliminary
experiments demonstrate that the proposed method can locate
between-character boundaries in touching patterns with high re-
call rate. Future efforts will be made to refine the filtering of
splitting paths for improving the precision, and to verify split-
ting paths incorporating character recognition and contextual
information.
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