
WANJUAN SONG  et al: HANDWRITTEN NUMERICAL STRING RECOGNITION BASED ON FUZZY SUPPORT... 

DOI 10.5013/IJSSST.a.17.45.43                                            43.1                             ISSN: 1473-804x online, 1473-8031 print 

Handwritten Numerical String Recognition Based on Fuzzy Support Vector 
Machine and Dealing with Outliers 

Wanjuan Song 1, Jian Zhang2 
 

1.College of computer, Hubei University of EducationWuhan, 430205, China 
2.College of Sport Engineering and Information Technology , Wuhan Institute of Physical Education, Wuhan, 430070, China 

 
Abstract — The segmentation and recognition of handwritten numerical string is a difficult problem of handwritten character 
recognition because of writing arbitrariness and limitations of segmentation technology.An Recognition model about handwritten 
numerical string recognition applied in this paper, which could deal with the the inaccuracy of segmentation problems by setting 
verifier based fuzzy support vector machine. The experiment results show that this method with verifier based fuzzy support 
vector machine reduce the decrease of recognition rate because of inaccurate segmentation greatly and the performance of fuzzy 
support vector machine is determined by the fuzzy membership function.  
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I. I. INTRODUCTION 

As an important branch of handwritten character 
recognition, offline handwritten numeral recognition has 
been widely used in form system, such as bank check 
system, automatic sorting system of mails and other various 
reporting systems. This paper studies the segmentation and 
recognition of numeral strings formed due to joined-up 
writing etc. of numbers. Single numeral recognition 
technology has been relatively mature, while the 
segmentation and recognition of numeral strings has become 
the bottleneck and difficulty in this field [1-5]. With regard 
to the segmentation of handwritten numeral strings, many 
domestic scholars have made studies on it, and the main 
segmentation methods can be divided into the following 
categories [1-6]:  

(1)Segmentation based on image analysis[1, 2]. Find the 
more reasonable segmentation points among the characters 
through image analysis, this method implements the 
segmentation by using space between characters and 
separation distance between characters as well as the ratio of 
character width and height and projection method, or 
adopting the connected domain unit, stroke, skeleton, 
assembly parts and other structural information of 
characters.  

(2)Segmentation based on the recognition [2, 4, 6]. 
Before the actual segmentation, screen and select various 
segmentations that may be present with the help of 
recognition capability and find the best combination of the 
segmentation according to recognition results of 
segmentation candidates.  

(3)Global recognition. With the whole character as the 
object to be recognized, recognize it according to the overall 
features of the character, to avoid damage to the character 
during segmentation, and this method is generally used in 
the recognition of limited key words.  

The typical segmentation methods based on image 
analysis, such as the segmentation algorithm of handwritten 

numeral string based on mould [5], segmentation of numeral 
string based on SCP(significant contour point) [1], and 
segmentation of numeral string based on BFA(background 
and foreground analysis)[3], have all reached good effect in 
specific areas. Among them, the method based on BFA has 
the best segmentation effect, however, the segmentation 
method based on BFA is too complex, and it is difficult to 
guarantee its instantaneity in the practical application, which 
limits its application; while the drop fall algorithm is 
relatively simple, but due to the algorithm itself is easy to 
fall into the problem of local optimum, its segmentation 
effect is not very ideal [3]. Recursive segmentation 
algorithm proposed by Casey and Nagy is the most 
representative of segmentation method based on the 
recognition, and with the capacity of dynamic selection of 
segmentation points, it can reduce the error recognition and 
rejection caused by segmentation faults. In the meantime, 
some disadvantages also exist: efficiency of algorithm is not 
high enough with no pre-sorting; multi-solution 
phenomenon is occurred easily, for example, 4 is divided 
into 11. In this paper, segmentation methods based on the 
recognition introduced recognition mechanisms in the 
segmentation process, and with the capacity of dynamic 
selection of segmentation points, it can reduce the error 
recognition and rejection caused by segmentation faults, 
therefore, it can correctly select the segmentation points. 
There are three main contributions of this paper: 1) the 
setting of detector in model of cognition can greatly reduce 
recognition errors of handwritten numeral strings caused by 
segmentation fault; 2) select fuzzy support vector machine 
(FSVM) as the detector of segmentation candidates that can 
reasonably restrain the noise samples in segmentation 
process; 3) only by combining with appropriate fuzzy 
membership functions can FSVM play its good 
performance. In this paper, fuzzy membership function 
based on degree of polymerization is adopted to give the 
noise sample an appropriate degree of membership, thus 
greatly improving the classification performance of FSVM.  
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II. HANDWRITTEN NUMERICAL STRING 

RECOGNITION MODEL 

In this paper, the recognition model [8] as shown in Fig. 
1 is adopted for the recognition of handwritten numeral 
strings. Because of above-mentioned various reasons of 
handwritten numerals, there are problems of excessive 
segmentation and insufficient segmentation, and the model 
as shown in Fig. 1can effectively deal with the problems 
caused by segmentation faults. The model adopts the 
segmentation method based on the recognition and uses 
classifier and detector to achieve good segmentation and 
recognition results. It uses the probability and statistics 
knowledge framework and combines with the data gained by 
detector and recognizer to get the optimal results. Fig. 1 
showed the whole process of the recognition of handwritten 
numeral strings, and the model is divided into three 
processes: partial detection and segmentation, feature 
extraction as well as recognition and detector. It can be seen 
from Fig. 1 that, the general classifier is based on concavity 
and contour features, excessive segmentation detector based 
on multi-concavity features and insufficient segmentation 
detector based on concavity features. In the third phase, the 
detector is used to detect excessive and insufficient 
segmentation and assist the segmentation of numeral strings, 
which greatly improves the segmentation effect. In this paper, 
once again, the use of FSVM as the detector for 
segmentation results confirms that it can reduce the use of 
nonnumeric noise samples as valid samples.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 Recognition model 
 

III. FUZZY SUPPORT VECTOR 

In support vector machine theories, each data in the 
training set belongs to positive class or negative class; in 
addition, all data are treated equally in the training process. 
However, in real applications, not all data produce the same 
effect and some data are more important than other data. If a 
data may belong to any of 2 classes, it is likely to be a noise 
which would produce adverse effects to the classifier, while 
FSVM can reduce the effect of noise.  

FSVM was originally proposed in literatures [9]. In 
FSVM, each data in the training set is associated with a 
fuzzy weight representing the importance of data, while each 
weighted value of each sample point calculates the 

classification results of data of 2 classes by being associated 
with one of its appropriate hyperplane, suspected outliers and 
noisy data in the joint border of 2 classes will get the smaller 
weighted value, while other data will get larger weighted 
values, thus it can achieve a rational constraint of data.  

 Below let's introduce the model of FSVM. Assuming 
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shown in the formula 1. 
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In the formula, w is the normal vector of classification 
face and b is the bias. The smaller is will reduce the effect of 
slack variable i , thus cutting the importance of the 
corresponding training data ix , and the error caused by ix  
will be less, C is the penalty factor controlling the 
compromised parameters of spacing distance and training 
error.  
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    In formula (2), i and j are the  Lagrange multipliers, 
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The difference between FSVM and SVM is that FSVM 

can use fuzzy weight is to measure the importance of 
training data. If 1is , FSVM will become SVM. Problem 
structures showed in formula (1) or (2) don't guarantee to 
get good classification results, because whether fuzzy 
weighting functions can better recognize the noise (outliers) 
and normal data is one of the key factors to affect the 
classification performance of FSVM. 

IV. FUZZY MEMBERSHIP FUNCTION 

In the design of FSVM, the design of membership 
function is the key to the whole fuzzy algorithm. At present, 
there are many methods to construct the membership 
function, but still, there isn't a general principle to follow. In 
the present methods of FSVM, the distance from the sample 
to the class center is mainly adopted to measure the degree of 
membership [9]. In the methods of SVM, the optimal 
classification face is mainly decided by the support vector 
which is close to the classification face, and the noise sample 
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is often located near the edge of the class. The determination 
of degree of membership of sample according to the distance 
between sample and class center endows the same degree of 
membership to the samples containing noise and valid 
samples, thus failing to distinguish valid samples and noise 
samples apart, therefore, the obtained classification face isn't 
the truly optimal one[10]. In view of this situation, the 
membership function [11, 12, 13] based on degree of 
polymerization is adopted in this paper to estimate the fuzzy 
membership degree, and the degree of polymerization refers 
to aggregation extent of samples within class. This method 
can reasonably distinguish noise and valid samples apart.  

The membership function[14] based on degree of 
polymerization can be expressed as:  

      (3))),(),(()( xxsxsfxs ikidi   

  In formula (3), )( id xs is the membership function[9]of S 
type functions and the particular formula is as shown in 
formula (4), in which id is the distance between the sample 
and the class center, while ba,  is a predefined parameter, 
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It is the fuzzy connectedness [7] between sample ix  and 
its class center, reflecting the polymerization relation 

between sample ix and other samples in the class, which is 
determined by the following formula:  
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In formula (5), ),( xxi shows a path from ix to x , each 
point of the path is expresses as ic , mi 1 . f() stands for a 
certain function relationship, taken as product relation in 
this paper.  

V. EXPERIMENT RESULTS AND ANALYSIS 

Fig. 2 shows the process of segmentation and recognition of 
handwritten numeral strings. First of all, conduct smooth 
denoising to images to be recognized, secondly, pre-segment 
the adhesive numeral strings to get the segmentation 
candidates, in these segmentation fragments there are some 
single numbers and some non- numeric segmentation faults, 
and these non- numeric samples are the noise. Therefore, the 
use of FSVM will make these non- numeric fragments have 
lower fuzzy membership, correctly eliminate the non- 
numeric fragments, and finally adopt the dynamic 
planning[1] in the paper [7] to find the optimal segmentation 
path so as to get the recognition results. The fuzzy 
membership of samples herein refers to the confidence 
coefficient of samples in the paper [7]. The experimental 
sample database is a database with 8000 handwritten 
numeral strings collected artificially, which are written by 
more than 400 persons. Fig. 3 shows a picture with part of 

the samples. To prove the inhibiting effect of the setting of 
the detector to noise samples, in this paper, the samples are 
filtered by classification, class A samples are all samples in 
the database, in which 3500 samples are used as training 
samples, the remaining 4500 samples as test samples; class 
B samples are handwritten numeral strings only containing 
the following five digits that easily produce excessive 
segmentation and insufficient segmentation, including 0, 2, 
4, 6, 9, in which there are 1600 training samples and 1000 
test samples; class C samples are samples only containing 
the following five digits, 1, 3, 5, 7, 8, in which there are 
2000 training samples and 2500 test samples.  

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

VI.  
          Fig.2 Handwritten numeral string segmentation process  

 
                       Fig.3 Part of the sample picture 

Firstly, detector with and without settings and types of 
detectors are compared through experiments, and for types 
of detectors, standard SVM and FSVM are adopted 
separately as the detector. Secondly, the selection of 
membership functions of FSVM is compared by 
experiments, and degree of memberships respectively based 
on linear distance, S type function and degree of 
polymerization are adopted. SVM is used as a universal 
classifier in the recognition of models, SVM adopts 
Gaussian function with good performance as the kernel 
function, and the corresponding parameters are as follows: 
σ=0.4, C=1000. Experimental data are as shown in Table 1.  

It can be seen from Table 1 that, samples of classes A, 
B, C can significantly improve the recognition rate after 
setting up the detector; in general, FSVM, as the detector, 
can obtain higher recognition rate than the traditional SVM; 
but only by properly selecting fuzzy membership functions 
can the recognition performance of FSVM be guaranteed, 
for example, FSVM based on linear distance cannot get 
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better recognition effect than traditional SVM; FSVM based 
on degree of polymerization has a better recognition effect 
on various sample sets; for class B sample sets (including 
the largest noise proportion), the setting of FSVM based on 
degree of polymerization can significantly improve the 
recognition performance. 

TABLE I.    COMPARISON OF PERFORMANCE OF DIFFERENT VERIFIERS 

 

VII. CONCLUSION 

Outliers often produces in the process of the 
segmentation of handwritten numerals string , which would 
influenced the segmentation accuracy, ultimately affect the 
handwritten Numbers recognition effect. In this paper, 
increasing the fuzzy support vectors machine as the detector 
to confirm again, and using membership function based on 
polymerization, Handwritten Numbers recognition effect  
was improved significantly , especially for samples included 
outliers. 
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