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Abstract:  
On the basis of the vehicle license plate location, an image 

grey vertical projection segmentation approach based on the 
distribution character segmentation is proposed in this paper. A 
two-stage approach consisting of coarse and accurate 
segmentation is adopted. It can increase the accuracy of the 
segmentation and has good segmentation speed. And in 
recognition process, character features are extracted from 
character segmentation results, in order to identify character 
exactly, an improved template matching method is used to 
character recognition. Experimental results show that character 
segmentation method is efficient and quick and recognition 
algorithm is applicable  
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1.  Introduction 

Automobile License Plate Recognition System is an 
important link of realizing intelligent traffic management. 
The vehicle license plate recognition system focuses on the 
key technologies, which include the license plate region 
location, license plate character segmentation and license 
plate character recognition [1]. License Plate Character 
Segmentation plays the role to segment character from the 
located region of license plate, based on vehicle license 
location results. The segmentation result of license plate 
character is the precondition and preparation for character 
recognition. License plate character recognition is mainly to 
process, extract character feature and identify the license 
plate characters segmented. Character recognition is the 
critical step in the system, which directly determines the 
performance of the recognition system. In this paper, on the 
basis of the domestic and foreign researchers’ work [2], we 
have analyzed and explored the existing license plate 
character segmentation and recognition algorithms, a license 

plate character segmentation method and recognition 
algorithm is presented and described in detail, and the 
corresponding experimental results are also given.  

2.  License Plate Character Segmentation 

The first character in China's current vehicle license is 
the abbreviation of the Chinese province name, the second 
character is an English letter, other five letters are number or 
English letter, and the English letter is no more than two. In 
order to identify the Chinese character, English letter and 
number on the license plate, each character must be 
segmented. Character segmentation will affect the accuracy 
of character recognition. 

2.1.  Comparison of Character Segmentation methods 

The license plate character segmentation will divide 
license plate region into single character area, each character 
area must be the smallest rectangle area that contains a single 
character. The more precise the segmentation is, the better the 
recognition effect is. The following compares several 
common license plate character segmentation methods: 

(1)  The vertical projection method The character 
segmentation method using vertical projection to divide 
characters is rather simple and accurate, but segmentation 
effect could be influenced by noisy and the slope degree of 
the plate easily[3]. 
  (2)  Connected domain method This license plate 
character segmentation method has smaller influence by the 
slope degree of the plate, but the character segmentation is 
not precise enough. 

(3) Clustering analysis method   Clustering analysis 
method has solved the issue of disconnected character better, 
but the program’s logic design is complex, more loop nesting, 
and execution time being slower than the former two. 

Through the comparison of mentioned above several 
ways, considering the license plate recognition system need 
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for real-time performance and accuracy, an image grey 
vertical projection segmentation approach based on the 
distribution character segmentation is applied here. In order 
to avoid effect of noise and license plate slope degree to 
segmentation, noise is reduced in ahead image pre-processing, 
the slope image is corrected in the vehicle license plate 
location. Character segmentation includes coarse 
segmentation and precision segmentation.   

2.2.  Character coarse segmentation method 
Character coarse segmentation algorithm can complete 

characters segmentation basically  the special condition can 
be completed by the precise segmentation method. Character 
coarse segmentation process is as follows. 
    (1) Remove the possible upper and lower plate border by 
searching the license plate from top to bottom to find a row 
whose projection value less than half of the average 
projection value. This row will be set to license plates top 
edge. This row will be empty if it is found in the image. Then 
searching the plate from bottom to top, if we find a row 
whose projection value less than half of the average 
projection value, this row will be set to the plate bottom. This 
row will be empty if it is found in the license plate image. 

(2) Remove possible left and right borders of the license 
plate by searching the license plate from left to right to find 
these column whose projection value less than 1/5 of license 
plate height and those continuous n columns whose 
projection value larger than 3/5 of vehicles plate height, and n 
is half of vehicle height, then the new left and right edge 
distance are set up.  

(3) If the license plate after the above treatment does not 
meet the size requirement, its size is too small or too large, 
this license plate will be deleted from the candidate license 
plate, and the next candidate license plate will be processed. 

(4) The empty column will be cleared from the most left 
of license plate. Firstly, 0 is assumed the width of the empty 
column, the segmented character width is over the scope of 
the normal character width if this empty column is cleared, 
width of the empty column will be increased by one, and then 
segmentation will restart. 
   (5) Check the segmented character, it will be thought as 

interferential points if the segmented character is too small or 
the character strokes are too few, then this segmentation 
result will be discarded, the next character segmentation will 
be continued.  

(6) Eliminate the empty row of upper and lower 
boundary of the segmented character. The possible existing 
license plate frame will be searched within 1/5 of height from 
the upper and lower boundary. The new upper and lower edge 
will be set up if the new license plate frame is found. 

(7) Check the upper and lower boundary of the 
segmented character, if they are within the normal range, this 
segmentation will be preserved, and then jump to Step (4) to 
segment the next character until all characters are segmented 
completely. 
    (8) All the Segmented characters are checked, and too 

small segmentation characters are united. 
    (9) If the number of the segmented characters is less 

than 5, this character segmentation is failed, then this license 
plate is removed from the candidate license plate. 
    (10)The next candidate license plate will be continued, 

until all candidate license plates have been processed. 
License plate image is processed by the mentioned 

above method, the obtained result is shown as Figure 1 (b). 

2.3.  Character precision segmentation process 

There may be long block, ultra-short block and other 
interference block in coarse segmentation process, the 
approach of segmenting long block, merging ultra-short block 
and removing the interference block will be described as 
follows in detail.  
    (1) The segmented character is selected to process word 
for word from the candidate license plates.  

(2) Remove the empty row of the upper and lower 
boundary of segmented character. The possible license plate 
frame will be searched within 1/4 of height from the upper 
and lower boundary of character. The new upper and lower 
edge of the character will be set up if a new license plate 
frame is found.  

(3) Check if there is the character with two blank 
columns, this character may be the Chinese word " ", 
otherwise, it can be the left border or the right border of 
license plate frame.  

(4) And then check if the character stroke of left blank 
column is greater than 2 pixels, and then check whether it is 
the “ ”radical structure. 

(5) Check whether the amount of character segmented is 
larger than 7, the amount more than 7 means there are 
ultra-short partitions. And then the possible segment needs to 
be merged. 

(6) Continue with the next candidate license plate, until 
all candidates have been processed.  

A large number of license plate images are processed 
using the mentioned above method, the obtained results are in 
accord with the criteria, the segmented results are shown as 
figure 1 (c). 

 
a) License plate image after pretreatment 
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b) Image after character coarse segmentation  

 
c) Image after character precision segmentation  

Figure1. License Plate Character Segmentation Chart 

3.   License Plate characters recognition 

The template matching is a classical pattern recognition 
method, and it is the most direct character recognition method. 
Firstly, the sample is classified and the sample databases are 
established. Then the recognized characters are binarization 
processed and normalized by the template size in the 
character database, it will match with all templates and 
calculate their similarity, finally the best match will be chosen 
as the result. 

3.1.  The implement principle of template matching[5]  

There is M kinds of classifications: Mwww �,, 21 , there 
are several vector identifications in each classification’s 
characteristic vector, for example Xi is characteristic vector of 

iw classification , then 
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If  )}(min{),( XdXXd ii = , then iwX ∈  
The distance of tested sample and all known sample in 

training concentrate is circulation calculated to find out the 
smallest distance between tested sample and known sample. 
The classification of known sample is classification of the 
tested sample.  

3.2.  Improved template matching method 

The traditional template matching classifier treats each 
sample of the training sample concentration as a standard 
template, using the tested sample compared with the standard 
template, to identify the most similar and the nearest standard 
template, the standard template classification is as its own 
category. For example, class A has eight training samples, so 
it has eight templates. Class B has eighteen training samples, 
so it has eighteen templates. In classifying similarity is 
calculated between any tested sample and the twenty six 
templates, and the most similar template is found, if the 
template is class B, we determine the tested sample is as one 
of B class, otherwise it belongs to class A. But a large amount 
of calculation is an obvious disadvantage, in this paper, 
license plate characters arrangement is as X1X2 • 
X3X4X5X6X7, where X1 is Chinese characters, it is 
shortened forms of the Chinese provinces and cities, X2 is the 
English letter, it is the licensing authority department code, 
X3X4X5X6X7 is the combination of English letters and 
numbers. In order to enhance recognition speed and 
recognition rate, an improved template matching method is 
presented. Its recognition process is as follows. 

(1) Firstly, the X1 template is used to match. It is only 
necessary to compare the standard template for each Chinese 
character with the Chinese character of objective license plate, 
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and calculate their similarity, because X1 is Chinese 
character. 

(2) Finding two Chinese characters of the greatest 
similarity, and then all of their templates are compared to find 
the most similar characters. 
    (3) Then X2 template is used to match. The English 
letter of the greatest similarity with object letter is searched 
from the standard letter template, and then it is subdivided. 
    (4) The same operation is also finished with X3, X4, X5, 
X6 and X7 their templates are not only the standard letter 

templates but also the standard number templates.  . 
    This method can reduce the times of comparisons and 
improve recognition efficiency. 

4.  Test result and analysis 
The following table compares recognition result of 

improved template matching method and traditional template 
matching method, the test result is shown as table.1

TABLE.1 CHARACTERS RECOGNITION TEST TABLE 

Network     Image    recognized    recognition rate          average response time  
numbers   images      improved/tradition       improved / tradition(ms) 

Chinese word   500    453         91.7 % / 88.7 %            289 / 315 

Letter/Number  500    460         92.8 % / 90.7 %            192 / 230 

Letter         500    469         93.6% / 91.0 %             263 / 287 

Number       500    478         94.3 % / 92.4%             154 / 195 
 
As seen from the table 1, using the improved template 

matching method, the average recognition rate and 
recognition speed of Chinese characters, letters and numeric 
characters have been enhanced, it is more than the 
recognition rate and recognition speed before improved. 
Furthermore, in this paper, the more than 1000 samples are 
trained, the more than 2,000 samples are tested, and these 
samples were from the actual violation vehicle images of 
traffic intersection. Therefore, the test result is more general 
and universal. 

5   Conclusion  

In this paper, the process of license plate character 
segmentation and character recognition are described in 
detail. The license plate characters are segmented by a 
method of the connection of coarse segmentation and 
accurate segmentation, and character recognition adopts an 
improved template matching recognition technology. A fast 
and efficient license plate recognition system is designed and 
implemented. Through testing to the 500 pieces different 
backgrounds and lighting conditions images,  the 
 
test results show that this method can achieve good character 
segmentation and high recognition rate. 
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