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Abstract. According to the characteristics that the paper currency image has low resolution and it is 
vulnerable to noise affect, the methods of paper serial number region extraction and segmentation 
are discussed, and multi-level 2DPCA algorithm is used for serial number recognition. Experiment 
results show that the methods proposed in this paper have the advantages of fast speed, high 
recognition accuracy and good anti-interference ability. 

Introduction 

The serial numbers of paper currency identify each note. It is significant to recognize these 
numbers for preventing forged bills. As Contact Image Sensor (CIS) has no optical lens, it has small 
size and simple structure. At present, CIS is often applied for getting paper currency image [1, 2]. In 
order to increase image scanning speed, the bill’s CIS image always has low resolution.    

As for paper currency serial number recognition, the technologies such as template matching 
and artificial neural network are usually used [3, 4]. The template matching method is not suitable 
for characters with low resolution or polluted characters. Artificial neural network needs plenty of 
training samples, and it has low recognition accuracy to untrained images. Therefore, multi-level 
2DPCA algorithm is proposed for paper currency serial number recognition in this paper, this 
algorithm has the advantages of fast speed, high recognition accuracy and good anti-interference 
ability.     

Extraction of paper currency serial number 

As shown in Fig.1, the paper currency image is acquired by CIS whose resolution is 100DPI. As 
the resolution of CIS is low and the paper currency is polluted, it can be seen that the serial number 
is slightly fuzzy; and no obvious noises exist around the serial number.    

 
                           Fig.1 Paper currency CIS image 

Sobel operator is used for edge extraction first, and then closing operation of mathematical 
morphology is applied for serial number region enhancement. The resulted image is shown in 
Fig.2(b), the serial number region can be easily found in this image. 

           
 (a) Sobel operator edge extraction    (b）closing operation of mathematical morphology 

Fig.2 Serial number region extraction 
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As shown in Fig.3, convert Fig.1 into binary image; and then scan the serial number region, it is 
not difficult to extract the characters. If the quantity of characters is not equal to ten, the extraction 
is failed.     

 

    Fig.3 Extraction of serial number 

PCA and 2DPCA recognition 

PCA recognition. 
Principal Components Analysis (PCA) is one of the most popular linear mapping methods in 

pattern recognition. The principal components are the linear combination of the original data, and 
they are linearly independent. The principal component’s eigenvalues represent variances. The 
bigger the variance is, the more important the principal component is. If the principal component’s 
variance is very little, it contains noisy, and it should be discarded in analysis; therefore, the number 
of principal component for analyzing is decreased, and the data dimension is reduced. Usually, the 
principal components with big eigenvalue are selected for analysis. 

The steps of PCA analysis are as follows. 

Assume the sample matrix is 
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Step 1: Get the standard matrix *X by processing original data. 
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In the equation above,     
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Step 2 :Calculate sample’s correlation coefficient matrix. 
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The correlation coefficient is calculated as 
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Step 3:Calculate the eigenvalues（ p 21 , ）and responding feature vectors of correlation 
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coefficient matrix R .  

Step 4:Select important principal components and give their equations. 
The main shortcoming of PCA algorithm is that it has a large scale of calculation. And in recent 

years, there are many improved algorithms proposed to overcome the shortcoming. 
Two-Dimensional Principal Component Analysis (2DPCA) is one of the improved algorithms. 

2DPCA recognition. 
The feature extraction of 2DPCA is directly based on image matrix; therefore, its calculation is 

small, and its speed is obvious faster than that of PCA [6, 7]. Assume the dimension of image X is 
nm  , projection space U∈ pnR  , pn  . When the image matrix X is projected ontoU , a new 

matrix XUY   whose dimension is pm  should be produced.  In 2DPCA, the total dispersion 
of projection matrix is used as criterion function )(UJ  to measure the quality of the projection 
space. 

)()( UStrUJ                               (6) 

In the equation above, US  is covariance matrix of projection matrix Y , )( UStr  is the trace of 

US . 
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G is the covariance matrix of image X , andG is defined as follows: 
                              )]}([)]({[ xExxExEG T                     (8) 
 

G is a nn  positive matrix. Assume ),...,2,1( Mixi  is testing image, the average matrix U  

and the covariance matrix G  are as follows: 
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The subsequent calculating steps are same as PCA algorithm. 
Multi-level 2DPCA characters recognition. 
In the paper currency image, some characters have low resolution and some characters are 

similar, these conditions will lead to inaccurate recognition; in order to solve the problem, the 
similar characters are grouped for multi-level recognition. The grouped characters are shown in 
Table 1. 

Table 1 Groups of similar characters 
Groups(First level) Characters 

1 
0,3,6,8,9,B, 
C,D,G,O,Q 

Sub-groups(Second level) Characters 
1 8,B 
2 3,9 
3 6,C, D, G 
4 0, O, Q 

2 M, N,H 
3 U,L, 1 

 

As shown in Table 1, the similar characters are divided into three groups which are belong to 
first level, and group 1 is divided into four sub-groups which are belong to second level. The steps 
of multi-2DPCA recognition are as follows: 

(1) Carry out 2DPCA recognition by using all bill character as training samples. 
(2) If the recognition result is one of similar characters which are shown in first level groups, 

use the same group characters with the recognition result as training samples and carry out 
2DPCA recognition. 

(3) If the previous recognition result is one of the similar characters which are shown in 
secondary level groups, carry out 2DPCA recognition by using the same group characters 
with the recognition result as training samples. 
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Experiment results 

Extract characters 0-9, A-Z from paper currency image, there are 36 kinds of characters, collect 
five samples for every kind character. Therefore, there are totally 180 samples. The bill characters 
have the following features. 

(1) The size of characters is not unique. 
(2) The character’s height is bigger than width; the height is about 1.6 times the width. 
(3) Among the same character sets, some are thick, some are thin. 
For the sake of above features, the character must be normalized first, the size of normalized 

character is 20×32, therefore, the normalized character has 640 pixels. If PCA algorithm is applied 
for recognition, calculation is large and long time will be cost. So, 2DPCA algorithm is applied for 
feature extraction, decrease the feature dimension to 100 first, and then template matching is 
applied for recognition. 

Pixel template matching, PCA and 2DPCA are used for character recognition respectively; the 
testing samples include wear bills, polluted bills, new and old bills, and they are well-distributed. 
The recognition results are shown in Table 2. 

Table 2 Results of recognition with pixel template matching,PCA and 2DPCA methods 

Character Quantity 
Errors 

Template matching PCA 2DPCA 
Quantity Ratio (%) Quantity Ratio (%) Quantity Ratio (%) 

0 102 45 44.4 20 19.6 8 7.84 
1 85 40 47.6 18 21.2 2 2.36 
2 75 30 40 8 10.67 1 1.33 
3 86 42 48.84 14 16.28 5 5.81 
4 75 35 46.67 4 5.34 1 1.33 
5 70 30 42.86 4 5.71 1 1.42 
6 80 38 47.5 9 11.25 4 5.0 
7 92 20 21.74 5 5.43 1 1.07 
8 78 41 52.56 25 32.05 9 11.54 
9 95 42 44.21 18 18.95 4 4.21 
A 52 16 30.77 5 9.62 1 1.92 
B 49 15 30.61 12 24.49 5 10.20 
C 38 10 26.32 6 15.79 4 10.53 
D 45 16 35.56 8 17.78 6 13.33 
E 46 14 30.43 6 13.04 1 2.17 
F 42 10 23.80 2 4.76 0 0 
G 39 11 28.81 4 10.26 2 5.12 
H 38 10 26.3 3 7.89 1 2.63 
I 40 10 25.0 3 7.5 0 0 
J 38 8 21.05 1 2.63 0 0 
K 41 8 19.51 2 4.88 0 0 
L 37 5 13.51 2 5.41 2 5.41 
M 38 9 23.68 4 10.53 1 2.63 
N 37 9 24.32 5 13.51 1 2.70 
O 43 11 25.58 6 13.95 4 9.30 
P 40 11 27.5 5 12.5 0 0 
Q 39 10 25.64 6 15.38 4 10.26 
R 43 8 18.6 2 4.65 0 0 
S 45 9 20.0 3 6.67 0 0 
T 39 8 20.51 1 2.56 0 0 
U 28 5 17.86 2 7.14 2 7.14 
V 7 2 28.57 1 14.29 0 0 
W 43 8 18.60 2 4.65 1 2.33 
X 35 7 20.0 1 2.86 0 0 
Y 39 6 15.38 2 5.13 0 0 
Z 37 5 13.51 1 2.70 0 0 
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From above table, it can be seen that the recognition accuracy by using PCA is much higher 
than that by using pixel template matching, and the recognition accuracy by using 2DPCA is higher 
than that by using PCA. But the similar characters can not be exactly distinguished even by using 
2DPCA. Therefore, multi-level 2DPCA recognition is applied according Table 1. The recognition 
results are shown in Table 3, it can be seen that the recognition accuracy to similar characters 
increase much, the accuracy can meet the recognition requirement.        

Table 3 Results of recognition with multi-levels 2DPCA method 

Character Quantity 
Errors of multi level 2DPCA 

Quantity Ratio (%) 

0 102 2 1.96 
1 85 0 0 
3 86 1 1.16 
6 80 2 2.50 
8 78 2 2.56 
9 95 2 2.11 
B 49 1 2.04 
C 38 0 0 
D 45 1 2.22 
G 39 1 2.56 
L 37 1 2.70 
M 38 0 0 
N 37 0 0 
H 38 0 0 
O 43 1 2.33 
Q 39 1 2.56 
U 28 0 0 

      

Conclusion 

According to the characteristics of paper currency image, the extraction method of serial 
number region is researched. Sobel operator is first used to get the image edge, and then 
morphology close operation is applied to get serial number region exactly. 

As the CIS image serial numbers have low resolution and they are easily polluted by noisy, 
multi-level 2DPCA algorithm is applied for serial number recognition. Experiment results show that 
the algorithm proposed in this paper not only costs little time but also has higher accuracy than 
pixel template matching, PCA and pure 2DPCA algorithm. Therefore, this algorithm is suitable for 
distinguishing similar characters. 
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