
國立交通大學  

電機與控制工程學系  

 
碩士論文  

 

 
邊界切割法在車牌辨識系統之應用 

 

A New Edge Segmentation Method Applied to the 

License Plate Recognition System 
 
 
 
 
 
 

 研 究 生：侯 宜 穎 

 指導教授：陳 永 平  教授 

 

中華民國 九十五 年 六 月 



邊界切割法在車牌辨識系統之應用 

 

A New Edge Segmentation Method Applied to the 

License Plate Recognition System 
 

 

 研 究 生：侯 宜 穎  Student：Yi-Ying Hou 

指導教授：陳永平 博士 Advisor：Dr. Yon-Ping Chen 
 

國 立 交 通 大 學 

電機與控制工程學系 

碩士論文 

 
 

A Thesis 
Submitted to Department of Electrical and Control Engineering 

College of Electrical and Computer Engineering 
National Chiao Tung University 

In Partial Fulfillment of the Requirements 
For the degree of Master 

In 
Electrical and Control Engineering 

June 2006 
Hsinchu, Taiwan, Republic of China 

 
 

中華民國九十五年六月 

 



邊界切割方法在車牌辨識系統之應用 
 

學生：侯宜穎    指導教授：陳永平 博士 

 

國立交通大學電機與控制工程學系 

 
摘要  

 

    在本篇論文中，提出兩個新的應用方法來解決車頭燈及散熱器還

有光線變化跟複雜的車子圖騰對車牌辨識系統所造成的干擾。在此論

文的第二章中，提出一個名為＂雙邊界判斷法＂(double edge method)

來處理車頭燈跟散熱器所造成的干擾，導致係系統誤判。此原理是採

用車牌與車頭燈和散熱器不同的特殊特徵來判斷候選區域中使否含

有車牌。而這一個方法可以將車牌擷取的成功率提升到 98.4%。除此

之外，在第四章中會介紹邊界切割方法(edge segmentation 

method)，這一個方法是用來處理光線變化跟複雜圖騰所造成的切割

字元方面的困難，而且成功的將字元切割成功率提升到 99.67%。 

 i



A New Edge Segmentation Method Applied to the 

License Plate Recognition System 
 
 

Student: Yi-Ying Hou   Advisor: Dr. Yon-Ping Chen 
 
 

Department of Electrical and Control Engineering 

National Chiao Tung University 
 

ABSTRACT 
 

This thesis proposes two methods, the double edge method and the edge 

segmentation method, to enhance the accuracy of the LPR system. After the process 

of projection extraction method, some potential license plate areas can be found in an 

image, which may includes the headlamps and radiators. The double edge method is 

then utilized to determine the precise area of the license plate, not the areas of the 

headlamps or radiators. With the double edge method, the accuracy of the license 

plate extraction is highly increased up to 98.4%. As for the edge segmentation method, 

it is proposed to extract the characters from the license plate area just obtained and 

this area is often badly influenced by illumination variation and complex texture of a 

vehicle. With the edge segmentation method, the character extraction rate can be 

increased up to 99.67%. Finally, experimental results have been also included to 

demonstrate the success of these two proposed methods. 
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Chapter 1  

Introduction 

 

1.1  Preliminary 

Recently, more and more investigators have paid attentions to the Intelligent 

Transport System (ITS), in which the license plate recognition (LPR) plays an 

important role and has been widely used in numbers of applications, such as 

unattended parking lots, security control of restricted areas, traffic law enforcement, 

and automatic toll collection. Therefore, the license plate recognition has become a 

significant topic in research. 

In general, the LPR system can be separated into three steps. First step is 

extracting the license plate, which could be implemented by methods based on 

morphology [5][18] and neural networks [14]. Second step is extracting the characters 

from the license plate, processed by several methods, for examples the projection 

method [16][7]. However, the character extraction rate will be influenced by the low 

contrast or blur of the license plate images. Hence, in this thesis, a method called 

Edge Segmentation method is proposed to enhance the accuracy of the license plate 

character extraction. The final step is recognizing the characters, which most of the 

investigators have worked on, and derived a lot of algorithms, such as the template 
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matching method [3] and neural network [4]. It is known that the recognition rate 

could be directly influenced by the detecting and recognizing processes. Besides, 

some physical factors will impair the recognition rate, such as varying illumination 

outdoors, blurring image of a moving vehicle, dirty or inclined license plates, and so 

forth. In order to achieve a higher recognition rate, it is required to deal with the 

above problems. The following section will introduce the problems to be solved in 

this research. 

 

1.2  Problem Statements 

While the LPR system operates outdoors, it is seriously affected by two kinds of 

problems; one is related to the headlamp or radiator of the vehicles and the other is 

caused by the illumination variation and the complex texture of vehicles. It has been 

known that these two problems will highly reduce the recognition rate. In order to 

effectively design LPR systems, it is necessary to analyze the disturbances in the 

above problems, which are described as below: 

 

1) Disturbances caused by the headlamp or radiator of vehicles 

To achieve a better LPR rate, the license plate must be accurately extracted in 

the first step of the license plate recognition. Some methods with spatial masks have 

 2



been proposed to extract the license plate, but they often encounter a serious problem 

caused by the vehicle’s headlamp or radiator, whose features abstracted from spatial 

masks are similar to the license plate. As a result, their algorithms may fail to extract 

the real license plate. Hence, how to improve the algorithms to alleviate the influence 

of the headlamp and radiator becomes an important problem. 

 

2) The disturbances caused by the illumination variation and complex texture of 

vehicles 

 In an outdoor environment like roadways or highways, the varying illumination 

and the complex texture of vehicles could easily cause the mistakes in the second step 

of the LPR system, license plate characters extraction. The same problem also exists 

when the license plate is dirtied. These interferences will make the characters 

extraction over-segmented or under-segmented, and finally, will reduce the accuracy 

of the LPR system. Therefore, how to enhance the extraction rate will be an important 

problem in this thesis. 

 In order to improve the above drawbacks, this paper employs the double edge 

method to reject the disturbances caused by the vehicle headlamp or radiator, which 

will be introduced in next chapter. Besides, the edge segmentation method is proposed 

to deal with illumination variation and complex texture of vehicles, and it will be 
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mentioned in Chapter 3. In addition, an efficient character recognition approach 

incorporated with Dynamic Projection Warping methods will be introduced in 

Chapter 4. 

 

1.3  The Three Steps of the LPR System 

In this section, the methods used in the three steps of the LPR system, license 

plate extraction, license plate character extraction and character recognition, in this 

thesis are shown in Figure 1.1. In the first step of the license plate extraction, the 

spatial mask and moving average are utilized to strengthen the feature of the license 

plate, and the double edge method is proposed to the verification of the license plate 

candidates. In the license plate character extraction process, the edge segmentation 

method is developed to extract the license plate character well. Finally the DPW 

method is applied to the character recognition. The detail introduction of the license 

plate extraction, license plate character extraction and character recognition are 

mentioned in Chapter 2, Chapter 3 and Chapter 4 respectively. 
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Chapter 2  

The License Plate Extraction 

 

2.1 Introduction 

 Generally, the procedure of the LPR system usually consists of three steps, 

license plate extraction, character extraction and character recognition. The first step 

of the LPR system is the license plate extraction. In the past two decades, several 

techniques of license plate extraction had been proposed such as color extraction 

method [9], symmetry [8], vertical edges [11], spatial mask [20] [22], and so on. In 

this thesis, the used methods of the license plate extraction are spatial mask [22], 

moving average, candidate segmentation, double edge method, and the binarization. 

Usually, the lamps and the radiators of vehicles reduce the extraction rate because of 

the similar features to the license plates with the spatial mask. Fortunately, a method, 

double edge, is found to solve the problem cause by the lamps and the radiators, and 

the double edge method will be introduced in section 2.5. Then the following sections 

will present the process of the license plate extraction and chapter 3 and chapter 4 will 

introduce the character extraction and character recognition. 
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2.2 Spatial Mask 

 It is known that the spatial mask is a fundamental technology to abstract features 

in gray-level or color images, such as vertical objects and horizontal objects [22]. 

Hence, a color image to be processed with spatial mask should be changed to 

gray-level first. In this thesis, the spatial mask will be adopted to find the feature of 

vertical strokes, which are needed for extracting the license plate. Since the images 

processed here are color images, they should be changed to gray-level before the 

spatial mask is used. 

The first step of the LPR system is to extract the license plate, which is regarded 

as a white rectangular metal plate and contains black characters set including two 

alphanumeric characters and four numeric characters. In this paper the spatial mask is 

utilized to filter out character vertical strokes. Usually, the character stroke is 5 pixels 

in width for a license plate about 110x40 pixels, and figure 2.1 illustrates the 

distribution of a character vertical stroke in gray level image. Then a spatial mask h is 

shown as below 

[ ]111141111 −−−−−−= ,,,,,,,,h     (2.1) 

which is designed to enhance the black vertical strokes from the white background. 

Let f be the input gray level image and g is the output image in spatial domain; the 

relation between image f and image g can be expressed as followed 

 7



( ) ( ) ( ) |,|,
4

4
∑

−=

+=
k

ykxfkhyxg          (2.2) 

where h(k) is the k-th element of h, 44 ≤≤− k , and  and  represent 

the gray level of the pixel at (x,y) in the input image and the spatial domain image, 

respectively. However, after the spatial mask the result, g, may not be a value between 

0 and 255, a range for gray-level. In order to process g conveniently, g should be 

linearly normalized to be gray-level and shown in an image as Fig 2.2(b). Then, for 

selecting correct vertical strokes, a threshold T is set to binarize the resulted image of 

g and an output binary image is obtained as 

),( yxf ),( yxg

         (2.3) ( ) ( )
⎩
⎨
⎧ >

=
otherwise0

255
 

Tyx,g
yx,b

where 255 represents the point of a vertical stroke, and 0 represents a useless point.   

Figure 2.2 shows the result of the spatial mask and binary image. In this thesis, the 

threshold T of (2.3) is set as 128, the middle value. In the Figure 2.2(c), there are still 

some white portions existing that don’t belong to the license plate and cause by the 

shadow and background. The following section will explain the method, moving 

average, which is used to remove useless white portions. 

        

Fig 2.1 The gray level distribution of a character vertical stroke 
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        (a) 

    

        (b) 

    

        (c) 

Fig 2.2 (a) original images, (b) Spatial domain images and (c) binary image. 
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2.3 Moving Average 

 Generally, the moving average is used to filter out the noise in the image, but it 

blurs the image. Although the image would be blurred, but moving average is utility 

for eliminating the noise from the mage. Hence, in this thesis, we still use moving 

average to filter out the noise. 

 Consider the binary image Fig.2.2(c), which is the result after the spatial mask 

and contains many useless white portions caused by the background or the shadow. 

However, these useless portions are usually treated as noise, which are broken, small 

and of low density when compares to the portions belonging to the license plate. 

Hence, the moving average can be used to suppress the unnecessary portions, and the 

moving average function is shown below 

 2

),(
),(

k

jyixb
yxM

k

ki

k

kj
∑ ∑

−= −=

++
=         (2.4) 

where M is the result image of the moving average and k is the width of the window. 

In this thesis, k is set as 5, and Figure 2.3(b) shows the result of the moving average. 

Finally, the same with the spatial mask, for selecting correct portions, a threshold Tm 

is set to binarize the resulted image of M and an output binary image is obtained as 

         (2.4) ( ) ( )
⎩
⎨
⎧ >

=
otherwise0

yx,255
 yx, m

m

TM
b

where 255 represents the point of a vertical stroke that locate in the license plate, and 

0 represents a vertical stroke cause by the shadow and background and useless point. 
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Figure 2.3(c) shows the result binary image, bm. In this thesis, the threshold Tm of (2.4) 

is set as 102, an experiential value. After the spatial mask step and moving average 

step, the characteristics of the license plate have been choose, then the next section 

will show how to use these characteristics to select the license plate from the whole 

image. 
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        (a) 

    

          (b) 

     

          (c) 

Fig 2.3 (a) Binary of spatial domain images, (b) results of moving average, and (c) 

binary images. 
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2.4 License Plate Candidate Segmentation 

 Generally speaking, the license plates are located at the lower part of a car. 

Hence searching the license plate in the direction from down to top is easier and more 

efficient. Besides, the lower part of image has few noises such as lamps, symbols, 

radiators, etc. Base on these concepts, a method called projection extraction method is 

used to rough license plate segmentation. In this thesis, the license plates are from 

90x30 pixels to 130x50 pixels, so in this step choose a rough range 160x60 that can 

complete include a license plate. First, use the y-axis projection to search the   

and , and Figure 2.4 shows the location of  and . Because of the 

slant of the license plate, the range from  to  may cut the license plate. 

Hence choose the location with largest projection value between  and  be 

the center of the license plate, , and choose  and  with the following 

equation 

'topP

'downP 'topP 'downP

'topP 'downP

'topP 'downP

centerP topP downP

30−= centertop PP  

29+= centerdown PP  (2.5) 

which the range from  to  is 60 pixels. topP downP

Then by utilizing the x-axis projection of the selected vertical range of image, 

the detected license plate left  and detected license plate right  will be 

selected as below, 

leftP rightP
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   (2.6) 
( )

[ jiProjXP
jileft += ∑
=∈

159

0640,1
_max ]

 160+= leftright PP  (2.7) 

where  is the accumulated value of i-th column of the selected vertical 

range of image. Figure 2.5 shows the result of the projection method, but sometimes 

the method will cause a wrong result because of the lamps, radiators, etc. Figure 2.6 

shows the wrong result cause by the lamps and the radiators. Therefore, the next 

section will introduce how to use the double edge method to determine if the range 

including a license plate, and to extract the license plate accurately. 

[ ]iProjX _

 

Fig 2.4 Rough license plate segmentation by projection 

          

Fig 2.5 License plate candidates 
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Fig 2.6 Incorrect license plate candidates 

 

2.5 Double Edge Method 

 The strokes of the license plate characters are about 5 pixels in this thesis, so an 

algorithm using in the background removal is chosen to find the less than 5 pixels 

strokes in the license plate candidates. This thesis proposes a method, called double 

edge method, to extract the license plate characters, which is similar to the method 

introduced by Xiangyun Ye, Mohamed Cherret, and Ching Y. Suen [19]. Based on the 

double edge method, whether a candidate is a license plate or not can be determined. 

The double edge method regards a pixel with the following characteristics as an 

object pixel 

1) it has a gray level lower than that of its local neighbors; 

2) it belongs to a thin connected component with width less than a predefine 

value. 

Then the definition of the double edge is shown as follows 

          (2.8) 
⎩
⎨
⎧ <<

=
elsewhere0
 if1

)(
,

bxa,
yx,f

where 1 represents the point that belong to the edge, and 0 represent the point that 

belong to the background. Then a and b are the boundaries of the edge as shown in 

 15



Figure 2.7. In a one-dimensional profile, a stroke with thickness less than W can be 

treated as a double edge stroke, whose intensity is 

)())}(),(({)( xfiWxfixfMinMaxxI 1W
1iDE −−+−= −

=     (2.9) 

where f is the gray scale value of the point. In this thesis, the two-dimensional double 

edge strokes are more useful in character segmentation and recognition. Therefore use 

the one-dimensional double edge method in horizontal and vertical to set up the 

two-dimensional double edge strokes. The relation between horizontal double edge 

and vertical double edge is as following 

       (2.10) )()()()( yx,Iγ1yx,γIyx,I DEDEDE −+=
1d0d ==

where d=0, 1 refer the two directions, and γ  is the ratio between horizontal double 

edge strokes and vertical double edge strokes. In this thesis the horizontal double edge 

is more important than the vertical, so γ  is set as 0.75.  Figure 2.8 shows the result 

of the double edge, and in this thesis the W is set as 15. Then, the binarization still has 

to do in this part in order to select the strokes of the characters, and the function is 

shown below 

       (2.11) 
⎩
⎨
⎧ >

=
   ortherwise 0
)( if      255

)(
,

yx,I,
yx,b DE

DE

T

where 255 and 0 respectively represent the pixel (x,y) is in a stroke and within the  

background. Besides, 

)}({ yx,IMaxT DEλ=          (2.12) 
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where λ  represents the ratio to choose the threshold, and λ  is set as 0.333 in this 

thesis. Then Figure 2.9 shows the result of the double edge, and continues white 

points are shown as a stroke of the characters. 

 

Fig 2.7 The definition of double edge 

 

  (a)    (b)     (c)    (d) 

Fig 2.8 The double edge result, (a) the original images, (b) the result of the horizontal 

double edge, (c) the result of the vertical double edge, and (d) the finally result. 
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      (a)     (b)     (c) 

Fig 2.9 The double edge result (a) the original result, (b) the result of double edge, 

and (c) the binary image of double edge 

 In a license plate, there are six characters and one dash, so in a row of the license 

plate there are at least 6 strokes and at most 13 strokes. However there exist noise and 

destruction of the license plate, the range can be change to 4 strokes to 18 strokes in 

this thesis. Hence a row is seen as a part of the license plate if the number of strokes 

in the row is between 4 and 18. Similarly, a candidate image is decided to include a 

license plate if the rows that belong to a license plate are continuous and the number 

of the row is between 18 and 45. If the candidate doesn’t include a license, then we 

should return to the license plate candidate segmentation to find another candidate 

until a candidate is decided to include a license plate. By the result image of double 

edge method the height of the license plate can be found, and use the x-projection on 

the binary image of the double edge result to find the width of the license plate. 
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Figure 2.10 shows the license plate that after the statistics, and we can see that only 

the character part can be kept. In the next section, the binarization is done to the 

character part to make the character segmentation and character recognition more 

easily.  

 

Fig 2.10 The license plate with the character part. 

2.6 Binarilization 

 After extracting the character group from the rough license plate, the 

binarilization process is usually employed as the pre-process of character recognition. 

Nevertheless, for different lighting conditions to have a best result the threshold 

should be different. Many methods of choosing the threshold from a grey level image 

such as binarilization by average, Ostu’s method [13], etc. According to the grey level 

distribution of extracted character group image, three examples are given in, the 

threshold used in this paper is a dynamic value, which is selected by the following 

steps. Suppose the extracted character group image, denoted as , with m×n ( yxf , )
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pixels, each pixel can be classified to either higher grey level class H or lower grey 

level class L, and the number of pixels in H is equal to L. Let Hσ  and Lσ  be the 

average grey level of H and L respectively, the threshold T is selected as (2.13) and 

the binary character group image B can be obtained from (2.13).  

( )LHT σσ +=
2
1    (2.13) 

( ) ( )
( )⎩

⎨
⎧

≥
<

=
Tyx,f,
Tyx,f,

yx,
 if0
 if255

B  (2.14) 

Three examples of binary images are shown in Figure 2.11. 

 

 

 

Fig 2.11. the grey level distribution of character groups and the related binary 

images. 
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 By the mentioned steps, spatial mask, moving average, double edge method and 

binarization, the license plate extraction is completely finished. And these steps are 

also the pre-processing works of the character segmentation and recognition. Hence 

the following two chapters will introduce the license plate character segmentation and 

character recognition. 
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Chapter 3  

The License Plate Character Extraction 

 

3.1 Introduction 

 Although the LPR system is discussed for many years, but the character 

extraction is seldom mentioned. Usually, the projection [16] and the connected 

component segmentation [12][17] are used to extract the license plate characters. 

Unfortunately, some undesired factors will reduce the extraction rate, such as the 

noise, the illusion, and the destruction or the slant of the license plate. In order to 

avoid theses undesired factors, this paper presents a novel method called edge 

segmentation to extract the characters. This method refers to the work by Nafiz, Fatos, 

and Yarman for the cursive handwriting recognition [1], and modifies their algorithms 

to extract the character in this thesis. The projection method and the connected 

component segmentation are used in the binary image, and these two methods rate are 

influenced by the quality of the binarization very much. In the edge segmentation 

methods, it is worked on the characteristic image of the edge, so it is seldom 

influenced by the binarization. Before introducing the edge segmentation in Section 

3.3, it is required to detect the character edge, a kind of pre-process similar to the 

spatial mask, which will be given in Section 3.2. 
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3.2 Character Edge Detection 

 Different to the one-dimensional spatial mask method in Section 2.2 for the 

detection of character strokes, the spatial mask method introduced here is a kind of 

two-dimensional method and applies to the detection of character edges. The spatial 

masks chosen for edges in the angles of 0, π/4, π/2, and 3π/4 to be detected are all 

given as  

            (3.1) 
⎪
⎩

⎪
⎨

⎧

=−
=

−=−
=

1      1
0      2  

1      1
)(

k,
k,
k,

khe

which has been commonly used to enhance the edges. Let f be the license plate image 

in gray level. With the above spatial mask, four images in spatial domain in the angles 

of 0, π/4, π/2, and 3π/4 can be attained as 

|kyx,fkh|yx,g e0 ∑
−=

+=
1

1

)()()(
k

 (3.2) 

|kyk,xfkh|yx,g e/ ∑
−=

−+=
1

1
4 )()()(

k
π  (3.3) 

|yk,xfkh|yx,g e/ ∑
−=

+=
1

1
2 )()()(

k
π  (3.4) 

|kyk,xfkh|yx,g e/ ∑
−=

++=
1

1
43 )()()(

k
π  (3.5) 

where represents the gray level value of the pixel at (x,y) and ),( yxf

( ) ( ){ }59 1,..., 0, and 159 ..., 1, 0, ===∈ yxyxRyx ,,, . To include all the edge 

information related to the angles of 0, π/4, π/2, and 3π/4, a new spatial domain image 

is defined as 
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 ( ) ( ) ( ) ( ) ( )( ) 44324 /yx,gyx,gyx,gyx,gyx,g ///0e πππ ′+′+′+′=     (3.6) 

where  is the normalized from , a=0, π/4, π/2, and 3π/4, by  )( yx,ga′ )( yx,ga

 ( )

( )
( ){ } 255)( ⋅=′

∈
yx,gmax

yx,gyx,g
ayx,

a
a

R

 

Applying (3.6) to the edge segmentation yields the result shown in Figure 3.1. In the 

next section, the edge segmentation, will introduce how to use the spatial domain 

image  to extract the license characters. eg

 

(a)                         (b) 

Fig 3.1 (a) the original license plate, and (b) the result of the character edge detection. 

 

3.3 Edge Segmentation 
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 Usually, the character extraction methods in a LPR system are projection method 

or connected component segmentation. Unfortunately, these methods can only work 

well if the original images of the license plate are with no slant and with low noise 

and high contrast. Hence, in this thesis a method called edge segmentation is 

presented to extract the license characters avoiding the influences mentioned above. 

This method refers to the work by Nafiz, Fatos, and Yarman for the cursive 

handwriting recognition [1], and modifies their algorithms to extract the character. 

The edge segmentation method in this thesis can be separated into the following two 

steps: 

1) Setting the start points to find the segmentation paths 

In this thesis, the characteristic values corresponding to the right edge and the left 

edge of a stroke are used as important data to segment the characters of a license plate, 

and to avoid cutting the next character, respectively. In this step the binary image of a 

license plate is required to set the start points of the segmentation paths, which will be 

determined in the next step. There are two groups of the start points, respectively 

located at the horizontal lines in the 1/3 and 2/3 height of the binary image. The 

reason to choose these two groups is that the curvy strokes of 2, 5, 6, 9, C, G, and S 

complicate the segmentation paths, which will be explained in the next step. If a point 

at the horizontal lines is of gray value 255 and next to a point on the right of gray 
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value 0, then this point is set as a start point. Label the locations of all the start points 

at the spatial domain image  correspondingly. Next, the segmentation paths will 

be found on the spatial domain image  based on the locations labeled as the start 

points. 

eg

eg

 

2) Determining the segmentation paths 

In this step, the spatial domain image  is used to find the segmentation path. 

The segmentation path can be separated into two parts: one is over each of start lines; 

the other is under the start lines.  

eg

a) The segmentation path over the start line 

In over start line part, the segmentation path growing directions from the start 

points are 0, π/4, and π/2, and the reason to choose the three direction is to avoid the 

segmentation path growing to the under direction. The segmentation path growing 

direction is chosen the following equation 

( )

( ) ( ) ( ) ( ) ( )
( )

( ) ( ) ( ) ( ) (
( )

( )

⎪
⎪
⎪
⎪
⎪
⎪

⎩

⎪⎪
⎪
⎪
⎪
⎪

⎨

⎧

−

>−+
−>−++>−+−+

>+
−>+−+>++

=′′

otherwise  

and  
if  

and  
if    

     ,1yx,

T1y1,xg                   
,1yx,g1y1,xg ,y1,xg1y1,xg ,1y1,x

Ty1,xg                   
,1yx,gy1,xg ,1y1,xgy1,xg    ,y1,x

y,x ee

eeee

ee

eeee

)
 (3.7) 

where Te is the threshold to decide if the characteristic value of the point in  is eg
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large enough to be considered as a part of edge, and in this thesis Te  is set as 50. 

Originally, the point (x,y) in (3.7) is one of the location of the start points, and with 

(3.7) the next point of the segmentation path can be find as ( y,x ′′ ). Then let ( ) be 

(x,y) to do (3.7) again until the locations of 

y,x ′′

x′  or y′  is the left boundary or the top 

of the license plate.  

b) The segmentation path under the start line 

The method to find the segmentation in this part is almost the same with the over 

part, but the growing direction is 0, 7π/4, and 3π/2. The way to grow the segmentation 

path in the under part is 

( )

( ) ( ) ( ) ( ) ( )
( )

( ) ( ) ( ) ( ) (
( )

( )

⎪
⎪
⎪
⎪
⎪
⎪

⎩
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⎪
⎪
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⎧
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+>+++>++++
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+>+++>++

=′′

otherwise  

and  
if  

and  
if    

     ,1yx,

T1y1,xg                   
,1yx,g1y1,xg ,y1,xg1y1,xg ,1y1,x

Ty1,xg                   
,1yx,gy1,xg ,1y1,xgy1,xg    ,y1,x

y,x ee

eeee

ee

eeee

)
 (3.8) 

The same with (3.7), originally, the point (x,y) in (3.8) is one of the location of the 

start points, and with (3.8) the next point of the segmentation path can be find as 

( ). Then let ( ) be (x,y) to do (3.8) again until the locations of  or  is 

the left boundary or the foot of the license plate. 

y,x ′′ y,x ′′ x′ y′

Observing (3.7) and (3.8), it is shown that if there is only one group of the start 

points, then the segmentation paths will cut the curvy strokes when the path growing 
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to the curvy strokes of characters 2, 5, 6, 9, C, G, and S because of the growing 

directions of each part. However, the right boundary of characters with curvy strokes 

is on the 1/3 or 2/3 height of the characters. Hence there must have two groups of the 

start points to avoid cutting the curvy strokes, and Figure 3.2 shows the segmentation 

result. 

 

     (a)       (b) 

Fig 3.2 (a) the spatial domain image of edge, and (b) the segmentation result, and 

the green lines are the segmentation path. 

In Fig 3.2, it shows that there may be more than one segmentation path in a character, 

because there may be more than one start points in a character. Hence, with the edge 
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segmentation method, the segmentation is usually ‘over segmentation’, and next 

section and Chapter 4 will introduce how to integrate the over segmentation parts and 

how to use the DPW recognition method to get the license plate recognition result. 

 

3.4 The Over Segmentation Integration 

 In this section, the segmentation paths should be labeled on the binary image of 

the license plate first. After the process of edge segmentation method, a character may 

be separated into 4 parts at most. Hence, in this section the over segmentation part 

will be integrate to find the complete character, and the integration process can be also 

separated into two steps: 

a) Labeling the segmentation part in order 

In the edge segmentation result, the license plate is separated into many parts, and a 

character may be separate into 4 parts at most. So, we just have to combine four parts 

at most to find a complete character, and the labeling method is shown as Fig 3.3. In 

Fig 3.3 we take one of the license plates for example. The labeling order of the 

segmentation part is up to down and left to right, and it can be observe clearly in Fig 

3.3. However, some segmentation part only with little white points which are the 

character strokes. Therefore, in order to decrease the segmentation parts, these parts 

are integrated into the last order parts. The integrating result is shown in Fig 3.4. 
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Obviously, compare Fig 3.3 and Fig 3.4, the number of segmentation parts is 

decreased, and this will help reduce time in the recognition process. 

 

Fig 3.3 The labeling of the segmentation parts. 

 

Fig 3.4 Integrating with the parts that with little white points. 

 

 30



b) Integrating the segmentation parts 

With the edge segmentation method, a character block may be separated up to 4 

sub blocks. Hence the integrating process should combine 1, 2, 3 or 4 segmentation 

parts, and work in the labeling order. The first character block, put label 1 to be a 

candidate character block, second put label 1 and 2 together to be a candidate 

character block, third combine label 1, 2 and 3, forth combine label 1, 2, 3 and 4, and 

then put label 2 to be a candidate character block and so on. Hence, if there are n 

segmentation parts, there will be 4(n-3)+6 candidate character blocks. However, the 

width of the license plate character is limited, so a candidate character with width 

bigger than  is not to be considered as a character. In this thesis,  is set as 45, 

and Fig 3.5 shows the integrating result. After the integrating process, there are still 

many candidate character blocks, and the next section will introduce how to reduce 

the candidate character blocks and to retain the candidate character blocks that contain 

a complete license plate character. 

wT wT
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Fig 3.5 The Integrating result. 

 

3.5 The Candidate Character Blocks Erasing by the Character 

Factors 

 Some of the candidate character blocks are not a complete character or include 

more than one character because of the over-segmentation by the edge segmentation 

method. In order to erase these candidate character blocks, some character factors 

coefficient will be set as the following two points. 

a) The ratio of the character height and width. 

 The ratio of the character height and width is limited because the measure of the 

license plate characters is ordered. The license plate characters can be separated into 
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two types, one type just includes character ‘1’ and ‘I’, the other type includes the 

other characters. In the first type, the ratio of height and width is between 3.5 and 4, 

and in the other type, the ratio of height and width is between 1.8 and 2.3. Then a 

candidate character block will be not seen as a character if the ratio of its height and 

width is not between 3.5 and 4 or 1.8 and 2.3. 

b) The density of the character. 

 The same with the a) part, the density of the license plate characters can be 

separate into these two types. The density of the first type is between 0.55 and 0.63, 

and the density of the other type is 0.4 to 0.62. Hence, a candidate character block will 

be not seen as a character if the density is not between 0.55 and 0.63 or 0.4 and 0.62.  

Before using the above coefficients to erase the candidate character blocks, the 

region growing is used in each candidate blocks to divide each uncorelation part. 

Then use the a) and b) features of character to decide if the uncorelation part is 

considered as a character or not, and Fig 3.6 shows the erasing result.  
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Fig 3.6 The erasing result. 

 After the integrating process and erasing process, only the uncorelation 

parts that conform to the character factors are kept, and the number of candidate 

character blocks is reduced. However, consider Fig 3.6, there still exist many 

candidate character blocks that include the same character because of the 

over-segmentation of the license plate characters. Then the next step is to erase the 

repeat uncorelation parts and the repeat candidate character blocks. Let A be one of 

the candidate character blocks, and B be another candidate character block. If A is 
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included in B, then A can be erased, and Fig 3.7 shows the result. Finally, the license 

plate character extraction is done, and Fig 3.8 will shows a license plate that the 

characters can be extract by the edge segmentation but can’t be extract by the 

projection method or connected component segmentation. 

 

Fig 3.7 Erase the repeat candidate character blocks. 
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(a)                   (b)                  (c) 

Fig 3.8 Compare edge segmentation method with projection method and connected 

component segmentation. (a) The edge segmentation method, (b) the projection 

method, and (c) the connected component segmentation. 

 In Fig 3.8, the license plate is with low contrast and with a slant angle. Hence, 

the binary of the license plate characters many be linked, such like the characters ‘6’ 

and ‘0’ in Fig 3.8. Hence, the projection method and connected component 

segmentation will get the wrong result, and usually under-segmentation. 
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3.6 License Plate Recovery and Inclined License Plate Compensation 

When characters are extracted out, some additional and necessary information 

of license plate and characters are also obtained. Given Figure 3.9 as an example of 

license plate recovery [21], if any boundary of character is on the boundary of the 

extracted character group image, it means that perhaps some pixels of the character 

are outside the character group image. Consequently, that boundary of character group 

image will be extended one pixel and characters will be extracted by edge 

segmentation method again. Repeat the above until every character is well-extracted.  

        

Fig 3.9 License plate recovery 

Due to the angle of camera capturing images, the extracted license plate is 

sometimes inclined with a small angle less than 10°. In order to have a better 

character recognition rate, an inclined license plate compensation procedure [18] is 

required. Let  be the inclined license plate with its width  and let ( )  

be the center of . In addition, let  be the height difference between the centers 

of the first and the last characters of . Then, the compensated license plate image 

 can be obtained from the following equation. Figure 3.10 shows the example of 

inclined license plate compensation. 

pR Rw cc yx ,

pR RD

pR

pR′

( ) ( )( )RRcpp wDxxyxRyxR /*,, −−=′     (3.9) 
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Fig 3.10 Inclined license plate compensation 

 

3.7 License Plate Character Normalization 

 Since the characters extracted out from different license plates are generally 

in different sizes which will make the character recognition more difficult, it is 

necessary to normalize the characters to a fixed size. By using the normalization 

method, all the characters processed in this paper is normalized to 30×15 pixels, such 

as the character templates in Table 3.1 However, the images received by CCDs often 

contain undesired noise caused by varying illumination, blurred effect, dirty plate, and 

fragmented characters. As a consequence, it is rather difficult to perfectly extract the 

characters out, and most importantly, the recognition rate may be reduced to a certain 

level. To tackle the above problem, this paper utilize a method, called dynamic 

projection warping (DPW), which will be introduced in the next chapter. 
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Table 3.1 Normalized character templates 

Character Template Character Template Character Template 

0  C  P  

1  D  Q  

2  E  R  

3  F  S  

4  G  T  

5  H  U  

6  I  V  

7  J  W  

8  K  X  

9  L  Y  

A  M  Z  

B  N    
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Chapter 4  

License Plate Character Recognition 

 

After the license plate extraction and license plate character extraction, the final 

step of the LPR system is the character recognition. In this thesis, the character 

recognition method refers to the recognition method, DPW [18]. In Section 4.1, first I 

will introduce the DPW method, in Section 4.2 the feature vector of character 

recognition is mentioned, and finally in Section 4.3, how to use DPW in the character 

recognition will be explained. 

 

4.1 Introduction 

 Generally speaking, basic recognition method of recognizing the license plate 

characters could reach the recognition rate, 80% per character, for example 85% per 

character for the template matching method. However, the above recognition rate is 

only for clearly characters, which means with no noise and no destruction. In practice, 

a clearly character is hard to get in outdoor environments like roadways or highways, 

and the license plate character may sometimes be soiled, dirty or blurred. These 

characters usually have fragmented strokes, undesired shifted image, pared character 

images, or unwell-normalized images, etc. The recognition rate of these characters 
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may be reduced to less than 70% per character for basic recognition method. The 

proposed method, Dynamic Projection Warping, which reaches the recognition rate 

99% of character recognition, would be used in this system, and next section will 

introduce the feature vector of the DPW. 

 

4.2 Dynamic Programming Technique 

Before introduce the DPW in character recognition method, this section will 

introduce the dynamic programming technique first. Dynamic programming 

technique has been extensively used in many fields such as speech recognition [10], 

optimal control [15], etc. 

 To illustrate the applicability of character recognition, a typical problem, called 

the optimal path problem, will be stated and discussed here. An example to explain 

the fundamental concept of the optimal path problem is given in Figure 4.1, which 

consists of N points labeled orderly from 1 to N. Besides, the cost moving directly 

from the i-th point to the j-th point in one step is represented by a nonnegative 

function ( j,i )ς . The path from point 1 to point i may have many selections and leads 

to different costs. As a result, there should exist a minimum cost, denoted as ( )i,1ϕ . 
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Fig 4.1 The minimum cost related to the optimal path 

Using traditional terminology, the decision rule for determining the next point 

to be visited after point i is called a “policy”. Since the policy determines the 

sequence of points traversed from the (fixed) originating point 1 to the destination 

point i, the cost is therefore completely defined by the policy and the destination point 

i. The question is what policy leads to the function ( )i,1ϕ . 

This principle of optimality, which is the basis of a class of computational 

algorithms for the above optimization problem, is according to Bellman [2], 

An optimal policy has the property that, whatever the initial state and decision 

are, the remaining decisions must constitute an optimal policy with regard to the state 

resulting from the first decision. 

To put Bellman’s principle of optimality into a functional equation suitable for 
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computation algorithms, consider first moving from the initial point 1 to an 

intermediate point j in one or more steps. The minimum cost, as defined, is ( )j,1ϕ . 

Since moving from point j to point i in one step incurs a cost ( )i,jς , the optimal 

policy, which determines which intermediate point j to pass through, (should one exist) 

satisfies the following equation 

( ) ( ) ( )[ ijj1i1
j

,,min, ]ϕϕϕ +=  (4.1) 

Generalizing (4.1) to the case in how to obtain the optimal sequence of moves and the 

associated minimum cost from any point i to any other point j, the following equation 

can be derived from (4.1) 

( ) ( ) ( )[ jlliji
l

,,min, ]ϕϕϕ +=  (4.2) 

where ( ji, )ϕ  is the minimum cost from i to j in as many steps as necessary. (4.2) 

implies that any partial, consecutive sequence of moves of the optimal sequence from 

i to j must also be optimal, and that any intermediate point must be the optimal point 

linking the optimal partial sequences before and after that point. 

To actually determine the minimum cost path between points i and j, in any 

number of steps, the following simple dynamic program would be used: 

( ) ( l1l1 ,, )1 ςϕ =      N21l ,,, K=  

( ) ( ) ( )[ ]lkk1l1
k2 ,,min, ςςϕ +=    N21k ,,, K=  

       N21l ,,, K=  
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M  

( ) ( ) ( )[ ]lkk1l1
kS ,,min, ςςϕ +=   N21k ,,, K=  

            N21l ,,, K=  

( ) ( jiji sSs1
,min, )ϕϕ

≤≤
=⇒   (4.3) 

where ( )lis ,ϕ  is the s-step best path from point i to point l, and S is the maximum 

number of steps allowed in the path. 

For a well-known aircraft routing problem illustrates in Figure 4.2, a, b, c, … 

represent cities, and the numbers represent the fuel required to complete each path. 

Using the principle of optimality the minimum-fuel problem could be solved easily. 

First each minimum-fuel cost, ( )ji,ϕ , can be obtained by (4.3). For example,  

( ) ( ) ( ) ( ) ( ) ( )[ ] 4eddaeaebbaea =++= ,,,,,,,min, ςςςςςϕ  (4.4) 

( ) 4ea =,ϕ  can be obtained as above. Because any partial, consecutive sequence of 

moves of the optimal sequence from i to j must also be optimal, the optimal path 

which is illustrated in red with the minimum-fuel cost from city a to city i, ( ) 7ia =,ϕ , 

can also be obtained. 
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Fig 4.2. Aircraft routing network and the minimum-fuel cost 

from city a to each other. 

 The above is the introduction about dynamic programming technique, and this is 

the basic structure of the DPW method. Then the following section will set the feature 

vector of the DPW in this thesis. 

 

4.3 Feature Vector of Character Recognition 

The basic concepts of DPW are choosing projection accumulated vector of 

characters as feature vectors and applying these to dynamic programming method for 
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recognizing characters.  

After the normalization, suitable feature vectors, which represented by a set of 

character features, have to be adopted for describing the character patterns that will be 

recognized. Projection accumulated vectors which reduce the dimension from 2-D 

image to 1-D curve are often adopted to be feature vectors in many LPR researches 

[6]. In the DPW method, it uses Projection Accumulated Vector, PAV in brief, as the 

feature vector, which can be decomposed into Column Accumulated Vector, CAV in 

brief, and Row Accumulated Vector, RAV in brief, defined as 

( )
( ) [ ][ ]

( ) [ ][ ]
⎪
⎪
⎩

⎪⎪
⎨

⎧

−=−

=
=

∑

∑

=

=
30

1

15

1j

 30 
k

ikni

jii
i

chrCAV

chrRAV
PAV  (4.5) 

where chr, m×n pixels, 30×15 pixels for this paper, is the binary image of the 

extracted character and chr[i][j] is the binary value of pixel (i,j). It is easy to find that 

CAV is a 15×1 vector and RAV is a 30×1 vector. Consequently, PAV is a 45×1 

vector. Figure 4.3 and Figure 4.4 illustrates the RAVs and CAVs of each reference. 

With the use of PAV, the dimension of the characteristic vector is extended to 

30+15=45. Consequently, the higher dimension makes the recognition easier and 

enough to classify different characters. 
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Fig 4.3 The RAV curve of each reference character 

 

Fig 4.4 The CAV curve of each reference character 
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However, in the Figure 4.3 and 4.4, the PAV of the references may sometimes be 

similar in CAVs or RAVs, such that ‘L’ and ‘J’ are similar in CAV and ‘M’ , ’N’, and 

‘U’ are similar in RAV. In order to discriminate each character more clearly, the 

definition of PAV could be changed as, 

( )
( ) [ ][ ]

( ) [ ][ ]
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⎨
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*

)*(1

*

1)*(j   (4.6) 

where l=1,2,3 and PAV1, PAV2, and PAV3 satify (4.6), 

( ) ( ) ( ) ( )iiii 321 PAVPAVPAVPAV ++=  (4.7) 

The difference between (4.5) and (4.7) is that in (4.5) the RAV and CAV is according 

to the whole character and in (4.7) that RAV and CAV is according to the 1/3 width 

and 1/3 height of the character. Hence the feature vector, PAV, of each character 

would be more different, and the dimension of the characteristic vector is extended to 

30*3+15*3=135. Then how to use DPW in the character recognition will be introduce 

in the next section. 

 

4.4 Dynamic Projection Warping 

In the previous sections, PAV which represented by a set of projection 

accumulation features and dynamic programming technique have been discussed. 

This section discusses how to integrated dynamic programming technique with the 
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feature vector PAV for character recognition. The first subsection states that how to 

apply dynamic programming technique to the PAV for character recognition. Next, 

consider the disturbances of real LPR system, some constraints is proposed to 

constraint the “path” discussed in the previous section. Combining these constraints, 

the DPW method becomes complete for character recognition. 

 

4.4.1 Fundamental Concepts of DPW 

This subsection expresses the integration of dynamic programming and PAV for 

character recognition. The pattern recognition always utilizes either maximum 

correlation or minimum dissimilarity classifying patterns.  

Before formal introduction of the fundamental concept of DPW, for 

convenience, the CAV and RAV of a character respectively denoted as xclϕ  and xrlϕ , 

shown in (4.8). 
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where l equals to 1, 2, and 3. The CAV and RAV of reference characters are 

respectively denoted as yclϕ  and yrlϕ , shown in (4.9). 
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where ref, m×n pixels, 30×15 pixels for this paper, is the binary image of the 

reference character and ref[i][j] is the binary value of pixel (i,j). Ignoring the shifting, 

scaling, paring and fragmenting of the extracted character images caused by 

disturbances, , ( )jidl , ( )( )krefchrd cl ,ϕ , ( )( )krefchrd rl ,ϕ and ( )( )krefchrd l ,ϕ  will 

be defined as (4.10), (4.11), (4.12) and (4.13) 

( ) ( ) ( ) ji,jiji,d ylxll =−= PAVPAV  (4.10) 

( )( ) ( ) ( )∑
=

−=
30

1i
yrlxrlrl iik,d ϕϕϕ refchr  (4.11) 

( )( ) ( ) ( )∑
=

−=
15

1i
yclxclcl iik,d ϕϕϕ refchr  (4.12) 

( )( ) ( )( ) ( )( ) ∑
=

=+=
45

1i
lclrll ii,dk,dk,dk,d refchrrefchrrefchr ϕϕϕ ( )

)

 (4.13) 

where  is the dissimilarity function of 1/3 row or 1/3 column accumulated 

values between two character images, 

( ji,dl

( )( )k,d cl refchrϕ  and  

represent the total dissimilarity between two RAV

( )( )krefchrd rl ,ϕ

ls and CAVls, respectively, and 

 is the total dissimilarity between two PAV( )( k,d l refchrϕ )

)

ls. In the Figure 4.5, take 

l=1 for example,  can be calculated by summing up each  

corresponding to the grid point along the “path”, denoted as P. 

( )( k,d 1c refchrϕ ( )ji,d1
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Fig 4.5.  The “path” of (4.13) 

Unfortunately, the extracted character images usually contain more or less 

disturbances which cause the images shifted, scaled, pared and fragmented.  Hence 

the “path” has to be changed when the extracted character image contains disturbance. 

An example to explain how to choose the path is given in Figure 3-6, which 

illustrated an undesired character image, the under “Z”, which is normalized, 

over-extracted disturbances in the left two columns and under-extracted right two 

columns of the upper “Z” in Figure 4.6. It is apparent that 1xcϕ  which is shown 

below is almost a curve shifted two columns from 1ycϕ .  
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( ) ( )211 −= ii ycxc ϕϕ  153, ≤≤ i   (4.14) 

Hence, the “path” in Figure 4.5 should be replaced by P’ which is illustrated in Figure 

4.7.  

 

Fig 4.6. A comparison between the reference character and 

          the shifted character image and their related CAV1s. 
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Fig 4.7 The “path” of a shifted input 1xcϕ  

Now, the main disturbances, which resulting from character extraction and 

normalization such as shifting, paring, and scaling, had been discussed. According to 

the above examples, each kind of character image has its related path to map the 

corresponding CAV to the CAV of reference image. Each path can be decomposed 

into three kinds of path, P1, P2 and P3, shown in Figure 4.8. Therefore, these three 

kinds of path are chosen as the fundamental types that will compose all the paths after.  
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Fig 4.8 Three allowed sub-path in DPW 

 

4.4.2 Dynamic Projection Warping 

In the previous sections all the fundamental concepts and techniques, feature 

vectors, dynamic programming technique, the “path”, fundamental paths, etc., had 

been introduced, the character recognition method, dynamic projection warping, will 

be discussed here.  

 Dynamic projection warping method is a method that can automatically choose 

the optimal mapping way, the “path”, between PAVx and the PAVy of each reference 

character image. By utilizing the dissimilarity, which is considered as the cost of a 

path, related to the path between PAVx and each PAVy, the input character can be 

classified to a suitable class by the minimum dissimilarity. The function  is 

denoted as the partial dissimilarity between two feature vectors and represents the 

partial cost of a path when the path goes through the grid point 

( jid , )

( )ji, . Consequently, 

each partial dissimilarity  and ( ji,drl ) ( )ji,dcl  have to be respectively calculated as 
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(4.15) and (4.16). 

( ) ( ) ( ) 1,2,3l30,ji,,1jiji,d yrlxrlrl =≤≤−= ϕϕ  N∈ji,  (4.15) 

( ) ( ) ( ) Nji, 1,2,3l15,ji,,1jliji,d ycxclcl ∈=≤≤−=  ϕϕ       (4.16) 

After defining the partial dissimilarity, the cost of each path, , 

 and 

( )( )k,d rl refchrϕ

( )( )k,d cl refchrϕ ( )( k,d l refchrϕ ) , which represents the entire dissimilarity 

extracted character image and k-threference character image can be computed as 

(4.17), (4.18), and (4.19),    

( )( ) ( )
( )
∑

∈

=
rlPji,

rlrl ji,dk,d refchrϕ   (4.17) 

( )( ) ( )
( )
∑

∈

=
clPji,

clcl ji,dk,d refchrϕ  (4.18) 

( )( ) ( )( ) ( )( )kfdkdkd clrll chr,rechr,refchr,ref ϕϕϕ +=  (4.19) 

where Prl is the related minimum cost path, from beginning point to ending point, 

between xrlϕ  and yrlϕ  and Pcl is the related minimum cost paths, from beginning 

point to ending point, between xclϕ  and yclϕ . By utilizing dynamic programming 

technique, the minimum cost paths could be found feasibly with two constraints, 

called beginning region and ending region constraint and legal path constraint, which 

are illustrated in Figure 4.9. The size of rϕ  and cϕ  is denoted as Tr=30, and Tc=15, 

respectively. Figure 4.9, which only shows a concept of the two constraints, uses T to 

represent the size of xϕ  and yϕ . 
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Fig 4.9. The legal region of the path. 

 According to the paper writing by Tsang-Hong Wang [18], the coefficients is 

defined as Table 4.1. The slope of the boundary of the legal region in CAV is defined 

as (4.20), and the slope of the boundary of the legal region in RAV is defines as (4.21) 
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Table 4.1 The value of important parameters 

Parameter Experiment value for cϕ Experiment value for rϕ  

xo1 2 3 

xo3 13 27 

yo1 2 3 

yo3 13 27 

Hence with (4.20), (4.21) and Table 4.1, the legal region can be defined as 
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Combining the two constraints with basic DPW, the complete character 

recognition method, called DPW, is shown as three steps below. 

 Step 1. Calculate the dissimilarity between two columns or two rows. 

( ) ( ) ( ) 1,2,3l30,ji,,1jiji,d yrlxrlrl =≤≤−= ϕϕ  (4.24) 

( ) ( ) ( ) 1,2,3l15,ji,,1jiji,d yclxclcl =≤≤−= ϕϕ  (4.25) 

 Step 2. Calculate the total dissimilarity between extracted character image and 
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the k-th reference character image.  

( )( ) ( )
( )
∑

∈∈
=

rl
rrl Pji,

rlRPrl ji,dmink,d refchrϕ  (4.26) 

( )( ) ( )
( )
∑

∈∈
=

cl
ccl Pji,

clRPcl ji,dmink,d refchrϕ  (4.27) 

( )( ) ( )( ) ( )( )kdkdkd clrll chr,refchr,refchr,ref ϕϕϕ +=  (4.28) 

 Step 3. Recognize extracted character image by the minimum dissimilarity  

( )( ) ( )( ) ( )( ) ( )( )kdkdkdkd 321 chr,refchr,refchr,refchr,ref ϕϕϕϕ ++=  

( )( )( )[ ]kd
k

refchrO ,minarg ϕ=  (4.29) 

 where O represents the output of recognition result. 

Then with the above three steps, the recognition process is finished, and the next 

chapter will show the experiment result of the license plate extraction, character 

extraction using edge segmentation and character recognition. 
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Chapter 5  

Experiments of Proposed System 

 

In the previous chapters, the three main steps of the proposed LPR system are 

introduced. In this chapter, some experiment results of each step will be expressed 

such as the accuracy of license plate extraction, the precision of the character 

extraction by the edge segmentation method, the comparison of different character 

extraction method, and the recognition rate of DPW. 

 

5.1 License Plate Extraction 

Experiments have been implemented to test the efficiency of the proposed 

vehicle license plate recognition system to recognize Taiwanese vehicle license plate 

in input grey-level image, which is in the size 640×480 pixels. The 313 input images 

which include dirty plates, dim images are taken under varying illumination 

conditions and the blurred images cause by the moving of vehicles. And the accuracy 

of license plate extraction with the double edge method about 98.4% (308/313) is 

better than the accuracy, about 95%, of conventional method extracted by spatial 

mask [22]. More examples of the accurate license plate extraction are given in Figure 

5.1 Figure 5.2 shows the other three images failed in license plate extraction. The 
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upper one is too dark to extract license plate, the license plate images of the medium 

is too small, about 60×20, for license plate extraction, and the last license plate image 

is too blurred. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 

 

 Fig 5.1 The input grey-level images and the extracted license plates 
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5.2 The three images failed in license plate extraction step 
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5.2 Character Extraction  

 In this section, the character extraction rate will be compared in many kinds of 

contrast and with other extraction method, such as the projection method and the 

connected component segmentation. First, to check the accuracy of the license plate 

character extraction of the 308 license plate images which is successfully cut from the 

313 input images. The extraction rate of the edge segmentation method of the 308 

license plate is 99.67% (307/308). Figure 5.3 and Figure 5.4 shows the successful 

examples and failed example, and the failed reason is because of the blurred license 

plate images cause by the moving of the vehicle. The failed region is the read region 

of Figure 5.4. 

 

Fig 5.3 The successful examples of the license plate character extraction. 
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Fig 5.4 The failed example of the license plate. 

 

5.2.1 The Extraction Rate in Different Contrast 

 In this section, the accuracy of the license plate character extraction will be 

compared in different contrast. There are four kinds of contrast and blurred images 

will be compared. In this thesis, the four kinds of contrast and the blurred images are 

shown in Table 5.1, and the four kinds of contrast are linear changed from the 308 

license plate images. The gray level range of the lowest contrast is from 0 to 100, and 

the reason to choose 100 is because that 100 is lower than half of the gray level value, 

and the gray level range of real images are seldom less than the range of 0 to 100. 

However, if the contrast is low, the edge of the license plate character may be blurred. 

Hence, the images with gray level value under than 150 are dealt with blur by the 3x3 

moving average method. The result is shown in Table 5.1, and Table 5.2 shows the 

extraction rate of these conditions. 
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Table 5.1 The different contrast and blur of license plate images 

 
Gray level range: 0 to 255 

 
Gray level range: 0 to 200 

 
Gray level range: 0 to 150 

 
Gray level range: 0 to 150 and with blur 

 
Gray level range: 0 to 100 

 
Gray level range: 0 to 100 and with blur 

 

Table 5.2 The license plate character extraction rate in the four conditions. 

gray level 

 range 

0 to 255 0 to 200 0 to 150 

 

0 to 150 

blurred 

0 to 100 

 

0 to 100 

blurred 

rate 99.67% 98.70% 97.32% 90.25% 95.47% 83.75% 

  

In Table 5.2, it can be observed that if the license plate images are blurred the 

accuracy of the character extraction will reduced violently. There may be two reasons 

for the reduced extraction rate. One is that the edges of the blurred images are 

indistinct, so the edge factors will be similar. Then the segmentation growing path 

will be disordered, and a character may be separated into more than four parts. The 

other reason is that because of the blurred edges, the characters in the binary images 
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may be linked together on the start line of the edge segmentation method. Hence, the 

start points of the edge segmentation may be lost, and the character extraction will be 

under-segmentation. However, even the contrast of the images is low, but if the edges 

of the characters are sharp, the extraction rate will be higher than 95%. 

 

5.2.2 The Comparison between Different Extraction Method 

 In this section, the edge segmentation method will compare with other extraction 

methods, projection method [16] and connected component segmentation [12][17]. 

The license plate images are also the 308 license plate images which are cut 

successfully from the 313 640x480 input images. Table 5.3 shows the accuracy of 

each kind of the character extraction methods. The projection method is usually failed 

at the characters ‘7’, ‘H’, ‘J’, ‘K’, ‘L’, ‘M’, ‘N’, ‘U’, and ‘W’ because of the low 

projection number on the center of these characters, and the connected component 

segmentation method is usually failed if the license plate is with low contrast and with 

noise.  

 

Table 5.3 The accuracy of each kind of extraction methods. 

extraction  
method 

edge  
segmentation 

projection  
method 

connected 
component  

extraction rate 99.67%(307/308) 87.98%(271/308) 90.58%(279/308) 
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5.3 Character Recognition 

 The recognition rate of the DPW method will be mentioned in this section. In the 

above section, it is known that there are 313 640x480 input images, 308 license plate 

images can be extracted successfully from the input images, and 1842 (307x6) 

characters extracted well from the license plate images. Therefore, there are 

307x2=614 alphanumeric characters and 307x4=1228 numeric characters. The 

number of each alphanumeric character and numeric character is listed in Table 5.4 

and Table 5.5, respectively. 

Table 5.4 The number of each alphanumeric character extracted from input images 

Char No. Char No. Char No. Char No. Char No. 

0 11 7 33 E 14 L 22 T 18 

1 5 8 15 F 23 M 11 U 12 

2 22 9 16 G 10 N 12 V 15 

3 31 A 17 H 20 P 19 W 24 

4 10 B 12 I 11 Q 20 X 12 

5 14 C 18 J 41 R 13 Y 18 

6 25 D 20 K 16 S 16 Z 18 
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Table 5.5 The number of each numeric character extracted from input images 

Char No. Char No. Char No. Char No. Char No. 

0 111 2 134 4 88 6 121 8 151 

1 121 3 114 5 128 7 122 9 138 

  

Because the alphanumeric character ‘O’ equal to the numeric character ‘0’ in the 

license plate characters, the ‘O’ is seen as ‘0’ instead. The following Table 5.6 and 

Table 5.7 will show the recognition rate in each alphanumeric and numeric character, 

respectively. To observe Table 5.6 and Table 5.7, the recognition rate of numeric 

characters is higher than the recognition rate of alphanumeric characters. The 

alphanumeric character recognition rate is 98.03%, the numeric character recognition 

rate is 99.9%, and the total recognition rate is 99.28%.  
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Table 5.6 The recognition rate of each alphanumeric character. 

Char Rate (%) Char Rate (%) Char Rate (%) Char Rate (%) 

0 94 9 100 I 100 S 100 

1 100 A 100 J 92 T 100 

2 100 B 80 K 100 U 100 

3 100 C 100 L 100 V 100 

4 100 D 94 M 88 W 100 

5 100 E 100 N 100 X 100 

6 100 F 100 P 100 Y 100 

7 100 G 100 Q 100 Z 100 

8 83 H 100 R 100   

 

Table 5.7 The recognition rate of each numeric character. 

Char Rate (%) Char Rate (%) Char Rate (%) Char Rate (%) 

0 100 3 100 6 100 9 100 

1 99 4 100 7 100   

2 100 5 100 8 100   
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Chapter 6 

Conclusion 

 

This thesis proposes two methods, the double edge method and the edge 

segmentation method, to enhance the accuracy of the LPR system. In previous, some 

spatial masks have been proposed to strengthen the feature of license plate and then 

the projection extraction method is applied to detect the license plate position. After 

the process of projection extraction method, some potential license plate areas can be 

found in an image which may includes the headlamps and radiators. Furthermore, the 

double edge method is utilized to determine the precise area of the license plate from 

those potential areas. With the double edge method, the license plate extraction rate is 

highly increased up to 98.4% which is much better than the accuracy 95% of 

conventional method extracted by spatial mask.  

 As for the edge segmentation method, it is proposed to extract the characters 

from the license plate area just obtained and this area is often badly influenced by 

illumination variation and complex texture of a vehicle. Commonly, the projection 

method and the connected component segmentation are applied to the license plate 

character extraction in the LPR system. However, the accuracy of these methods is 

affected by illumination variation and complex texture of a vehicle, and the extraction 

rates are about 87.98% and 90.58% for the projection method and the connected 

component segmentation, respectively. With the edge segmentation method, the 
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character extraction rate can be increased up to 99.67%.  

 If the license plate image is blurred badly, the binary image of the license plate 

characters may be mixed together. Sometimes, the characters of a license plate are 

mixed at the horizontal lines at the 1/3 and 2/3 height of the binary image. As a result, 

some start points of the edge segmentation method may be lost. In order to cope with 

the above problem, development of binarization algorithm is an important subject in 

the future to increase the license plate character extraction rate. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 70



References 

 

[1] Nafiz Arica, and Fatos T. Yarman-Vural, “Optical Character Recognition for 

Cursive Handwriting,” IEEE Transactions on Pattern Analysis and Machine 

Intelligence, Vol. 24, NO. 6, June 2002. 

[2] R.E. Bellman, Dynamic Programming, Princeton University Press, Princeton, 

New Jersey, USA 1957. 

[3] P. Comelli, P. Ferragina, M.N. Granieri, and F. Stabile, “ Optical recognition of 

motor vehicle license plates”, IEEE Trans. on Vehicular Technology, Vol. 44, 

pp.790-799, 1995. 

[4] M. Fahmy, “Automatic number-plate recognition: neural network approach”, 

Vehicle Navigation and Information Systems Conference, pp. 99-101, Aug., 

1994.  

[5] Da-Shan Gao and Jie Zhou, “Car license plates detection from complex scene”, 

5th International Conference on Signal Processing Proceedings, Vol. 2, pp. 

1409-1414, Aug., 2000. 

[6] Yen-Tseng Hsu, Chan-Ben Lin, Sea-Chon Mar, and Shun-Feng Su, “High Noise 

Vehicle Plate Recognition Using Grey System”, Journal of Grey System, Vol. 10, 

No. 3, pp. 193-208, 1998. 

[7] K. Kanayama, Y. Fujikawa, K. Fujimoto, and M. Horino, “Development of 

vehicle-license number recognition system using real-time image processing and 

its application to travel-time measurement,” IEEE Veh. Technol., pp. 798-804, 

 71



1991.  

[8] Dong-Su Kim, et al, ”Automatic Car License Plate Extraction Using Modified 

Generalized Symmetry Transform and Image Warping,” ISIE CNF 2001. 

[9] K. K. Kim, et al, ”Learning Based Approach of License Plate Recognition,” 

IEEE Signal Processing Society Workshop on Neural Networks for Signal 

Processing, vol. 2 ,pp 614-623, 2000. 

[10] Frank L. Lewis, Vassilis L. Syrmos, Optimal Control. 

[11] Mei-Yu, Yong Deak Kim, ”An Approach to Korea License Plate Recognition 

Based on Vertical Edge Matching,” Systems, Man, and Cybernetics, 2000 IEEE 

International Conference on , Volume: 4 , 8-11 Oct. 2000 Pages:2975 - 2980 

vol.4. 

[12] J. A. G. Nijhuis, M.II. ter Brugge, K.A. Helmholt, J. P. W. Pluim, L. Spaanenburg, 

and M. A. Westenberg, “Car License Plate Recognition with Neural Networks 

and Fuzzy Logic,” Volume 5,  27 Nov.-1 Dec. 1995 Page(s):2232 - 2236 vol.5. 

[13] N. Ostu, “A Threshold Selection Method from Gray-Level Histograms,” IEEE 

Transactions on System, Man, and, Cyber-netics, Vol. SMC-9, pp62-66, 1979. 

[14] S.H. Park, K.I. Kim, K. Jung, and H.J. Kim, “Locating car license plates using 

neural networks”, Electronics Letters, Vol. 35, pp.1475-1477, Aug., 1999. 

[15] Lawrence Rabiner, Biing-Hwang Junag, Fundamentals of Speech Recognition, 

Prentice Hall Co Ltd., 1993. 

[16] Muhammad Sarfraz, Mohammed Jameel Ahmed, and Syed A. Ghazi, “Saudi 

Arabian License Plate Recognition System,” Proceeding of the 2003 

 72



International Conference on Geometric Modeling and Graphics. 

[17] Shapiro, V. and Gluhchev, G., “Multinational License Plate Recognition System: 

Segmentation and Classification,” Volume 4,  23-26 Aug. 2004 Page(s):352 - 

355 Vol.4. 

[18] T.H. Wang, F.C. Ni, K.T. Li, Y.P. Chen,”Robust License Plate Recognition based 

on Dynamic Projection Warping,” IEEE International Conference on Networking, 

Sensing and Control, March., 2004. 

[19] Xiangyun Ye, Mohamed Cherret, and Ching Y. Suen, “Stroke-Model-Based 

Character Extraction form Gray-Level Document Images,” IEEE Transaction on 

Image Processing, VOL. 10, NO. 8, August 2001. 

[20] Jian-Yang, Zeng, “A research on Plate Localization, Preprocessing and 

Recognition of License Plate Recognition System,” T NCTU CLENG 1999 

pt.7:3. 

[21] 陳麗奾, “在未設限環境下車牌的定位與辨識,” 國立台灣師範大學資訊教育

研究所碩士論文, 1999. 

[22] 趙慕霖, ”架構於數位訊號處理器之車牌辨識系統,” 國立交通大學電機與控

制工程研究所, 2001. 

 

 73


