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Abstract. The handwritten digit segmentation is the most important module for
handwritten digit recognition, which constitutes a difficult task because
of overlapping and / or connected of adjacent digits. To resolve this problem,
several segmentation methods have been developed each one having its
advantage and disadvantage. In this work, we propose a segmentation approach
depending of the configuration link between digits. With the help of a few rules,
multiple hypotheses are defined for finding the best segmentation path in order
to separate two connected digits. Hence, a verification strategy is proposed in
order to generate all possible segmentation-recognition hypotheses. The
performance of our strategy is evaluated in terms of correct recognition rates
using the confusion matrix.

Keywords: recognition, segmentation, segmentation-recognition, handwritten
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1 Introduction

The handwriting recognition is interested in many applications such as automatic
sorting postal mail, the automatic processing of the administrative files, or the
recording the courtesy amount of the bank checks [1]. In this work, we are interested
to develop a segmentation method for finding the best way of separation when the
digits are connected.

Usually, the handwritten digits recognition can be done mainly in three steps. The
first step facilitates further processing (smoothing or reorganization of characters,
homogenization of the line thickness, etc...) in order to locate and isolate the
characters more easily from each other. This step, called segmentation, [2],[3],[4],[5]
consists in separating the text into elementary characters for which the limited number
of characters defines the possible distinct classes. Then, a feature generation is
performed on the character image for reducing the dimension of the representation
and thus makes the design of the classification system. Finally, a decision function
allows assigning a character image to predefined class.
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Such recognition system, the segmentation constitutes the most difficult step,
which is related to several factors such as the slope of the figures, overlapping of two
digits, and the joining of two consecutive digits or the default inking.

Usually, the segmentation can be conducted in considering three following
situations: distinct digits and overlapped digits or connected digits. In most cases, the
overlapped and connected digits are the frequent situations observed. Hence, many
algorithms were proposed to separate the couples of contiguous digits. Some ones are
based on contours and others on the skeleton or on the size, the number and the
position of the water reservoir to deduce the potential points of cutting [6], [1], [3].

In this paper, we only are interested in the segmentation where we try to improve
the performances by offer the best cutting when the digits are naturally connected.
Hence, we propose a strategy based on an isolated verifier, which was responsible for
detecting both over-segmentation and under-segmentation for solving the majority of
the segmentation problems [8].

The paper is organized as follows. In section 2, we review the segmentation
method and its strategy. The section 3 is devoted to present the experimental results.
Finally, the conclusion and future work are presented in Section 4.

2 Segmentation Method

The segmentation consists to find the best way of cutting to isolate the digits
[6].[7],[9]. However, finding the best way is not straightforward because two
contiguous digits can be insulated, deformed, related by one or more contact points,
partially superimposed, or on the contrary written in several pieces. Moreover, several
factors such as the variability of the style and the tool of writing increase the
complexity of segmentation. Fig.1 illustrates some difficult examples.

688 25 s2 X

()

/5 52/ 4D

(b)

Fig. 1. Some difficult examples

(a) Connected digits (b) Overlapped digits
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In this paper, we propose an approach based on the verifications strategy in order
to generate all possible segmentation-recognition hypotheses. In the following, we
review how to find all possible segmentations paths, by analyzing the interconnection
points [2].

2.1 Segmentation Based on the Interconnection Points

This method has been proposed more recently which involves analyzing the number
and nature of interconnection points between two adjacent digits in order to define the
optimal position for cutting a digit image couple [2]. The first step is to define the
Interconnection Points (IPs) and the Bases Points (BPs) from which to start the
segmentation. BPs are obtained from the extrema (minima and maxima) detected on
the local contour connected components while IPs are calculated using the Freeman
code according to the 8 directions in the clock-wise. Often, the connection points
contain IPs, BPs or both at the same time. Hence, three hypotheses can be considered
for the optimal segmentation:

e  Hypothesis 1: If the Euclidean distance between the projection of the BP and the
IP is lower than a threshold, the cut is made in the vicinity of the IP (Fig.2.a).

e Hypothesis 2: if the lower segment of IP is related to a upper segment of IP (or
vice versa) and both IPs are near a BP, the skeleton path linking both IPs
(Skeleton path) is used as part of the segmentation cut with complementary paths
between BPs and IPs (Composed path) (Fig.2.b)

e Hypothesis 3: in some cases, even if there is a connection between two digits, the
skeleton path does not have an IP. Thus, to avoid the under-segmentation (lack of
segmentation point), the algorithm builds a path of segmentation based minimal
Euclidean distance between bases points upper and bases points lower (closest
points) in the middle (Fig.2.c).

2.2 Segmentation Strategy of Connected Digits

The main problem for separating two connected digits is the detection of the
interconnection points (IP). Hence, we propose the following steps:

e For detecting the IP, we set up a window where the height has the same height as
the original image and its width is constant. The IP is located in the middle of this
width.

e For each window, if a single IP is detected, the cut is conducted in the vicinity of
IP when the Euclidian distance between IP and BP (BP upper or BP lower) is
lower than a threshold T1. If there are two IPs (IP upper and IP lower), then we
apply the hypothesis 2, in order to separate the two digits. To avoid under-
segmentation, we apply the Hypothesis 3 in all cases.

The threshold T1 is determined through experimentation, seeking the maximum
Euclidean distance between IP and BP in the case of connected digits.
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Fig. 2. Segmentation paths according to IP and BP positions collected
(a) Hypothesis 1 (b) Hypothesis 2 (3) Hypothesis 3

Window 1 Window 2

Fig. 3. Set up windows

2.3 Recognition and Verification

The final decision for a segmentation-recognition hypothesis is provided by the
average of the decision functions made by its sub-components. The decision function
of a sub-component is provided by the SVM classifier.

In Figure 4, we present an example of segmentation-recognition. To better
illustrate this, we took a better result than the correct one. This result takes the
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maximum value of the averages decision functions between the results of the
segmentation hypothesis. This verification allows reducing the confusion between
isolated and under-segmented characters.The diagram in Figure 4 is designed
completely segmentation, recognition and verification. In the column "outputs", we
can see the results of the decision function produced, for each SVM classifier [11]
according to the rules (hypotheses) presented in Figure 3.
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Fig. 4. Final decision for the segmentation-recognition

3 Experimental Results

The evaluation of a segmentation method is very subjective. It can be done in two
steps. The first is to evaluate the segmentation based on a priori knowledge about the
effects of segmentation. The second step is to evaluate the system for recognizing
handwritten digits by integrating segmentation and classification. In our case, we use
the system evaluation method for appreciate the quality of the segmentation on a
database of NIST SD19 [10].

The NIST SD19 database is divided into two parts: the first consisting of 5000
digits is used for learning and the second 500 digits is used for testing. The test
database contains 250 digits linked. Each digit is normalized to 16x16 pixels after
segmentation.

The recognition module is based on a SVM classifier with RBF kernel. The multi-
class SVM implementation is based on the approach "one against all". It involves
using a binary classifier by category. The SVM and RBF parameters are fixed to
C=10 and o =10, respectively. Furthermore, the threshold T1 is fixed experimentally
to 7.

The evaluation is conducted without feature extraction in order to evaluate the
quality of segmentation. This evaluation is illustrated in the confusion matrix reported
in Table 1.
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Table 1. Recognition rates obtained for each class

Reference Classes
0 1 2 3 4 5 6 7 8 9
0 [81.08]2.70 | 2.70 | 2.70 | 2.70 2.70 5.41
1 100.00)
2 2 77.27 9.09 | 4.55
%3 66.67 4.76
% 4 81.25| 6.25
‘é 5 91.18] 8.82
g 6 6.25 81.25
7 100
8 88.89
9 5.00 95.00
Overall Rate of SSCHD method. 86.26

We can note that some digits are not recognized, which are considered as rejected
by the SVM classifier. Furthermore, we can note that some digits are difficult to
recognize specifically the couples ('0','8"), (2','7") and ('3','8'). These digits are more
problematic for recognition since they are sometimes visually very similar. The
decision is difficult even for a human operator.

4 Conclusion and Future Work

The objective of this paper is the presentation of a strategy for segmenting connected
handwritten digits, in order to find the best cut to isolate two adjacent digit images.

The method allows improving the performances and resolving many problems of
connected digits. It uses conjointly segmentation-verification for finding the way of
cutting of the connected digits.

The first results obtained are encouraging since we can manage to follow, with a
weak error of detection, all the possible ways of segmentation. This combination uses
few rules and has the advantage of providing a correct segmentation in the most cases.

For future work, we try to complete the system by adding an analysis module for
generating the features. For a complete validation of the system, we also try to
evaluate the system on a larger database.
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