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Abstract 
 

The accuracy of handwritten Chinese character 
recognition can be improved by pair discrimination of 
similar characters. In this paper, we propose a new 
method for combining the baseline classifier with 
incomplete pair discriminators to better exploit their 
complementariness. The outputs of the baseline 
classifier and pair discriminators are transformed to 
two-class probabilities, which are then fused by 
pairwise coupling (PWC) for final decision. In our 
experiments using the modified quadratic discriminant 
function (MQDF) as baseline classifier and LDA-
based pair discriminators, the PWC method 
outperforms the filter method. At best, the error rate of 
MQDF was reduced by factors over 28%. 
 
1. Introduction 
 

The recognition performance of handwritten 
Chinese character recognition (HCCR) has been 
improved significantly, but higher accuracies are 
desired for practical applications. Most recognition 
errors can be ascribed to the confusions of similar 
characters, and many efforts have been devoted to this 
problem. The compound Mahalanobis function (CMF) 
method, proposed by Suzuki et al. [1], discriminates 
similar characters by combining pair discrimination 
measures with class-wise Mahalanobis distance. Based 
on observations that most similar Chinese character 
pairs can be linearly separated [2], a new LDA-based 
compound distance [3] was proposed, and its 
extension to different feature spaces have further 
promoted the recognition accuracy [4]. 

Unlike the CMF method that discriminate all 
character pairs without extra parameters to the 
baseline classifier, the LDA-based compound distance 
method needs to store a discriminant vector for each 
pair of similar characters, and so, is available only for 

selected similar pairs. When the top two candidate 
classes given by the baseline classifier is beyond the 
similar pairs, the compound distance does not work 
(the baseline classifier gives final decision). To solve 
this problem, this paper proposes a new method to 
combine the outputs of baseline classifier and 
incomplete pair discriminators. By converting the 
outputs of baseline classifier to two-class probabilities 
and fusing with the probabilities of pair discriminators, 
the candidate classes given by the baseline classifier 
can be re-ordered for final decision either by class 
filtering [7] or by pairwise coupling [5]. 

In previous works, Roth and Tsuda have applied 
pairwise coupling to Japanese hiragana character 
recognition (71 classes) [6]. Jin and Ma applied 
pairwise coupling to Chinese character recognition [7], 
where the exhaustive pair discriminators bring high 
complexity and the fusion of pair discriminators with 
baseline classifier was not considered. 

In the proposed method, the baseline classifier first 
outputs a number of top rank candidate classes with 
their discriminant scores, which are transformed to 
two-class probabilities for each pair of candidate 
classes. If a pair discriminator (LDA-based compound 
distance) is available for a pair of candidate classes, 
the output of pair discriminator is transformed to 
probability and fused with those from the baseline 
classifier. The probabilities of all pairs of candidate 
classes are then combined by pairwise coupling. By 
this way, the confidences of baseline classifier and 
incomplete pair discriminators are maximally 
exploited. 

 
2. Confidence Transformation and Fusion 

 
Consider a number of candidate classes with their 

dissimilarity scores ( , )i if dω =x , i=1,…,m, output by 
the baseline classifier. The scores are transformed to 
class probabilities using a soft-max function [8]: 
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          Renormalize the iP , and compute the ijμ . 

3.  / iP← ∑P P . 
    The resulting classification rule is:  

[ ]( ) arg max ( )i id P=x x . 
 

4. Experiment results 
 

We evaluated the recognition performance of filter 
and PWC methods on two databases of handwritten 
Japanese/Chinese characters: ETL9B and CASIA. The 
ETL9B database contains the handwritten samples of 
3,036 characters, 200 samples per class. We choose the 
first 20 and last 20 samples from each class for testing, 
and the remaining 160 samples from each class for 
training. The CASIA database, collected by the 
Institute of Automation of Chinese Academy of 
Sciences, contains 3,755 Chinese characters of the 
level-1 set of the standard GB2312-80, 300 samples per 
class. We choose 250 samples per class for training and 
the remaining 50 samples per class for testing. 

Each binary character image is normalized to gray-
scale image of 64*64 pixels by the named bi-moment 
normalization method [10] and 8-direction gradient 
direction features [11] are extracted. The resulting 
512D feature vectors are obtained by sampling 64 
values from each of 8 direction planes with Gaussian 
blurring, and are further reduced to 160D by Fisher 
linear discriminant analysis (LDA). 

The baseline classifier we use is the modified 
quadratic discriminant function (MQDF) [12] with 40 
principle eigenvectors per class on the 160D feature 
space. The pair discriminators are the Mahalanobis 
distances (MD) on the 1D subspace learned by LDA 
for two classes, from either the 160D reduced feature 
space or the 512D original feature space [3][4]. 

Pair discriminators (LDA-based compound 
distances) were built for selected similar character 
pairs, which were selected on the training dataset by 5-
fold cross validation. Based on the output scores of the 
baseline MQDF on validated samples, if a candidate 
class is ranked before the true class or has a score 
close to the true class, it is paired with the true class as 
a similar pair. Finally, we got 27,616 similar pairs on 
the ETL9B database, and 66,378 similar pairs on the 
CAISA database. 

 
Table 1 Accumulative accuracies (%) of MQDF. 
Ranks 1 2 3 4 5 

ETL9B 99.16 99.82 99.89 99.92 99.94 
CAISA 98.06 99.58 99.80 99.87 99.90 

Table 1 shows that the accumulative accuracy of top 
5 ranks is sufficiently high, so we considered only the 

top five rank classes of MQDF for filter method and 
pairwise coupling (PWC).  
 

 
Fig.1 Test accuracies of MQDF+LDA(160D) on 

ETL9B database. 
 

 
Fig.2 Test accuracies of MQDF+LDA(512D) on 

ETL9B database. 
 

 
Fig.3 Test accuracy of MQDF+LDA(160D) on 

CASIA database. 
 

 
Fig.4 Test accuracy of MQDF+LDA(512D) on 

CASIA database. 
 

The test accuracies on the ETL9B database are 
shown in Fig.1 and Fig.2, for LDA-based compound 
distances on 160D space and 512D space, respectively. 
And those for the CASIA database are shown in Fig.3 
and Fig.4. In the figures, “LDA(d)” denotes LDA-
based pair discrimination on d-dimensional space. 



“filter-Sum” and “PWC-Sum” denote fusion by sum-
rule, while “filter-Pro” and “PWC-Pro” denote fusion 
by product-rule. 

From Figs.1-4, we can see that combination of 
baseline classifier with pair discriminators improves 
the accuracy of baseline classifier significantly 
( 0β = ). Comparing the filter and PWC methods, the 
PWC turns out to outperform the filter method slightly, 
the performance of PWC is more stable against the 
weight parameter. Probability fusion by either sum-
rule or product-rule turns out to make little difference. 

On test databases, the best accuracies are achieved 
by combining with pair discriminators in 512D space. 
The highest accuracy on ETL9B by PWC is 99.40%, 
compared to 99.16% by MQDF. The highest accuracy 
on CASIA is 98.63%, compared to 98.06 by MQDF. 
Thus, the ratio of error reduction is (0.84-
0.60)/0.84)=28.5% on ETL9B and (1.94-
1.37)/1.94=29.4% on CASIA database.  

Fig. 5 shows some samples misclassified by MQDF, 
but can be correctly classified by PWC. The true labels 
of the samples (indicated by boxes) are among the top 
5 candidates given by MQDF but not in the top 2. 
After applying MQDF+LDA(160D) with PWC+Pro 
( 0.6β = ), they are classified correctly. 

 

         
Fig.5 Some samples misclassified by MQDF 

but corrected by PWC. 
 

5. Conclusion 
 
   In this paper, we propose a method to combine the 
baseline quadratic classifier with incomplete pair 
discriminators for HCCR. This method exploits the 
complementariness of the classifiers and works even 
when pair discriminator is not available for the top two 
classes given by the baseline classifier. Experimental 
results show that the combination of classifiers largely 
improves the accuracy of the baseline classifier, and 

pairwise coupling slightly outperforms the filter 
method. This combination framework can be extended 
to various baseline classifiers and pair discriminators.  
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