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Abstract 
The Road Transport Department of Malaysia has endorsed 
a specification for car plates that includes the font and size 
of characters that must be followed by car owners. 
However, there are cases where this specification is not 
followed. This paper proposes a new methodology to 
segment and recognize Malaysian car license plates 
automatically. The proposed methodology solves the 
problem of segmenting different length licenses such as 
license with different number of character and number. 
There are two main objectives for this paper: first is to 
develop fuzzy rules to recognize the segmented characters 
and numbers from the same input-sets, which is the same 
size without overlapping between the characters and 
numbers sets. Secondly, this paper proposes a method to 
recognize non-standard plates by Template Matching 
theorem. Finally, the hybrid method of Fuzzy and 
Template matching is tested on 300 samples of car images 
captured in outdoor environment. The results yield 90.4% 
recognition accuracy, the Fuzzy based required 1.7  
seconds and Template matching based took 0.75 seconds 
to perform the recognition. The adaptability factor of the 
hybrid method is also discussed. 
Key words: 
Automatic license plate recognition, Fuzzy logic system, 
Template matching theorem. 
 
1. Introduction 
 
A lot of image processing techniques which invented and 
discussed several years ago have found their way now to 
enter the real life fields, especially the Intelligent 
Transportation System (ITS) [1]. One of the most 
important topic of ITS is the license plate recognition. 
License plate recognition systems have been physically 
utilized in many facilities, such as parking lots [2, 3], 
security control of restricted areas [4], traffic law 
enforcement [5], congestion pricing [6], and automatic toll 
collection [7]. Due to the rapidly increase in number of 
vehicles across the world’s big cities and one of them is 
Kuala Lumpur (capital of Malaysia), license plate 
recognition system has become one of the most important 
digital image processing systems to be used. This system 

will solve so many problems for this city facilities which is 
hard to be controlled by human 24 hours. However, this 
system still facing a lot of difficulties to be able to 
recognize license plates and one of these difficulties is the 
large variety of plate’s layouts between the different 
countries and even across the same country cities. In 
Malaysia, there are more than ten different forms that have 
minor or major differences between them. This project 
tends to find one integrated system which can recognize 
these license forms automatically in real-time processing. 
 
2. Background 
 
A large and growing body of literature has been 
investigated and published on the Artificial intelligence 
and specially the license plate recognition (LPR). This 
field and its application attracted many researchers to 
search and develop systems which can process images and 
get the useful information from them. This task is 
challenging due to the diversity of plate formats and the 
nonuniform outdoor illumination conditions during image 
acquisition [8]. The cause for poor performance of these 
systems can be unsuitable light conditions, noisy patterns 
connecting characters and poor edge enhancement [9]. 
Several techniques have been used to implement that job 
such as artificial neural network [10, 11, 12, 13, 14, 15]. 
These studies have shown quite good accuracy but long 
processing time and it needs periodical training for better 
accuracy. Template matching theorem [16, 17, 18] has 
been used widely in recognizing the segmented characters 
and numbers. Template matching showed high accuracy 
but requires efficient searching method and it needs large 
storage area to save all the numbers and characters 
templates. In other major studies, Fuzzy logic system [19, 
20] has been used to recognize the plate’s segmented 
elements. This system shows high performance, accuracy 
and short processing time. However, it’s sensitive for the 
noise and distortion. Thresholding techniques [21, 22] 
have  been  investigated to  segment  and recognize license 
 plates. Many other techniques have been used such as 
stroke analysis [23] and color license plate image 
segmentation and recognition [24]. In [25], the author 
proposed a novel method to recognize license plate which 
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captured by video camera and implemented it on an 
embedded platform. 

 
 
These methods can be broadly classified into iterative and 
noniterative approaches. There is a tradeoff between these 
two groups of approaches; iterative methods achieve better 
accuracy, but at the cost of increased time complexity. In 
this study, we try to balance between the high accuracy 
and decrease the time complexity by hybridizing two 
approaches, Fuzzy logic and Template matching theorem. 
Some researches which have been done to design a 
suitable ALPR for Malaysian car [23, 26] have focused on 
the standard license plates only. The proposed system 
designed to cover the standard and non-standard plates. 
The methods employed in this system are fast with high 
accuracy and that support the proposed system to be a real 
time ALPR system. 
This paper will focus on two objectives. The first one is to 
recognize the standard plates using Fuzzy logic system. 
The second one is to recognize non-standard plates by 
using Template matching theorem employing sum of 
squared difference. This paper is organized into four parts. 
The first part deals with introducing the main idea of this 
work and presents the related works. The second section 
will show the methodology of the work and how it has 
been implemented. The third part presents the results and 
the fourth is the conclusions and future work. 
 
3. Methodology  
 
The flow chart of the proposed system is shown in Figure 
1. First step is segmentation, feature extraction and 
recognition of the extracted feature. The extracted feature 

will be forwarded to fuzzy based or template based 
depends on the category of the extracted feature. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.1 Preprocessing 
 
Preprocessing is a very important step to enhance plate 
image quality for better segmentation and recognition. 
Choosing the right preprocessing techniques depends not 
only on the quality and the problems found in the captured 
images but also on the recognition algorithm that follows. 
In our proposed system, a preprocessing step is applied for 
the license plate binary image: 
 
3.1.1 Removing small objects (noise) 
 
During the thresholding processing on a gray scale image, 
many small objects or points accrue in the thresholded  
image due to the problem of different illumination, low 
quality cameras and motion effect. This kind of noise give 
direct effect on segmentation and recognition process. We 
have used a morphological process which search the entire 
image for small connected elements and remove it. We 
have set the maximum size of connected element to be 
removed to 50 pixels. The whole preprocessing results can 
be viewed in Figure 2. 
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3.2 Segmentation algorithm 
 
Segmentation is the step where plate’s elements 
(characters and numbers) are being extracted from the 
plate’s background. This step contains several operations 
as the sequence below: 
 
3.2.1 Standard and nonstandard plate testing 
 
This test is performed to determine the plate is a standard 
or nonstandard plate. As mentioned before, Malaysian 
license plates have different forms and to simplify the 
proposed system, we have divided them into two groups 
(see Figure 3): 
 
 
 
 
 
 
 
 
 

 
1. Standard license plate: This is the form of plates 

which consist of standard capital English characters 
(number of characters vary from one character to three 
characters maximum) and standard numbers. 

 
   2. Non-standard license plate: The first part of this form        

consists of a special word represents the place where 
the car has been registered like Putrajaya, or car model 
like Proton, Satria and Perodua. The second part 
represents car registration number. 

 
Standard and non-standard test is performed by a vertical 
scanning on the input plate image. As discussed before, 
non-standard plates contain more characters than the 
standard plates which contain maximum of three 
characters. The test will account the first characters, if it is 
three or less, then the plate is standard and it will be 
recognized by Fuzzy system. If it is more than three 
characters, then the plate is nonstandard plate and has to be 
recognized by template matching theorem. 
 
3.2.2 Detection of first and last columns for each character 
         and number 
 
For the standard plates, the second operation of  
segmentation step will be the detection of first and last 
columns for each character and number to cut it off from 
the background. The operation of first and last columns or 
rows detection could be influenced by many conditions 
that happen during the plate acquisition step such as 
uneven illumination, blurring and slope. As shown in 
Figure 4, slope could lead to wrong detection for the first 

and last row for the plate. Therefore, we have improved 
our first approach [27] where vertical scanning to detect 
first and last columns for each character and number is 
conducted before horizontal scanning as explained in 
Algorithm 1. This improvement will reduce the error of 
first and last columns and rows which has been encounted 
using our first approach. Vertical scanning (column by 
column) will be done to detect the first and last columns or 
each component and cut the area in between to separate the 
license information from background (see Figure 5(a)). 
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3.2.3 Remove upper and lower extra areas of each    
component 

 
After the first and last columns of the component have 
been detected, horizontal scanning will be done to detect 
the first and last rows from the result of the previous step 
and the whole process is described in Algorithm 2. The 
result of this operation will be an image which contains 
only the character or number without any extra area. This 
result will help to extract image features easily (see Figure 
5(b)) in the later stage. 
 
3.3 Features extraction 
 
Features extraction is the step where specific information 
will be extracted from each character or number image 
which resulted from segmentation step. This operation 
contains the following steps: 
 
3.3.1 Euler number calculation 
 
First step is to calculate the Euler number for each 
character and number image. The Euler number is equal to 
the number of connected elements (always equal to one) 
minus the number of holes. Three groups will result from 
this step as following [19]: 
 
     1. Euler number equal to 1 - This group contains C, E,   

F, G, H, I, J, K, L, M, N, S, T, U, V, W, X, Y and Z. It 
also contains the numbers 1, 2, 3, 5 and 7. 

 
     2. Euler number equal to 0 - This group contains A, D,          

O, P, Q and R and it contains number 4, 6 and 9. 
 
     3. Euler number equal to -1 - This group only contains           

character B and number 8. 
 
It is clear that this grouping process will increase system 
accuracy of recognizing characters and numbers and it will 
also reduce the time of recognition process. 
 
3.3.2 Extracting image features 
 
After grouping process is completed, the system will 
extract specific information from each group. For example, 
the system will determine whether the following positions 
are off or on (white or black) for Group 1 members ( Euler 
number=1): Upper Left Corner (ULC), Upper Center 
(UC), Upper Right Corner (URC), Center Left (CL), 
Center Center (CC), Center Right (CR), Lower Left 
Corner (LLC), Lower Center (LC), Lower Right Corner 
(LRC) and it will also find how many transitions from on 
to off or from off to on will happen if a vertical and 
horizontal lines pass through the center of the image (refer 
to Figure 6). 

 
 

Figure 6: Flowchart of vertical segmentation 
 
The above information are the inputs for Fuzzy system 
[19]. Fuzzy system depends on the input information to 
decide which character or number under study and the 
system will give the final result. The result of feature 
extraction step will be one dimension matrix which contain 
elements equal to the features extracted from each group. 
These elements will have specific sequence to be 
recognizable to Fuzzy logic system. As example for group 
one (Euler number equal to 1) the matrix will be as below: 
 

Outmat1=[ULC UC URC CL CC CR LLC LC LRC] 
 
In addition, vertical and horizontal counter are added to the 
input of Fuzzy logic system with the above matrix. The 
above matrix will be smaller for group two (Euler number 
equal to 0) because of the lower number of elements in this 
group. The output matrix for group two will be as below: 
 

Outmat2=[ULC URC LLC LRC] 
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In addition, vertical counter will be added to the above 
matrix as an input to Fuzzy logic system. Feature 
extraction step finish once the output matrix has been 
extracted from each element in the image and the 
recognition step will start. 
 
3.4 Recognition algorithm 
 
Recognition step is the last operation in the system where 
the input from the feature extraction operation is being 
translated and understood by the system. As mentioned 
before, the large variety of Malaysian car plate forms make 
it so hard to recognize all the form by the same system 
with the same accuracy. Therefore, we have integrated 
these two methods in this system for better recognition 
accuracy, lower computing time and better adaptability 
factor. Recognition step will be divided into two phases: 
recognition by Fuzzy logic system for standard plates, and 
recognition by template matching 
for non-standard plates (see Figure 7). 
 
3.4.1 Fuzzy logic system 
 
One of the most important specification that nominate 
Fuzzy system to recognize standard plates is that it has 
high accuracy and speed which suits real time system 
requirements. After the output matrix extracted from 
feature extraction step, it will be the input of Fuzzy logic 
system where the system will try to understand the inputs 
represent which character or number. For example, if the 
output matrix is as below: 
Outmat=[1 1 1 0 1 0 0 0 0], vertical counter equal to 2 and 
horizontal counter equal to 2 then the character is W. 
After all characters and numbers are recognized by the 
system, it will show the output as the sequence of the input 
(see Figure 8). Adaptability is one of the most important 
features that ALPR need to have in order to be applicable 
in Malaysia. This adaptability feature is shown in our 

system by three specifications. First is the ability to 
recognize different length of license plates. The number of  
 
 

 
 
Characters in Malaysian plates vary from one to three 
characters maximum while the numbers vary from one to 
four maximum. These varieties caused confusion to the 
systems which only can recognize the fixed quantities of 
characters and numbers in plates. The proposed system has 
the ability to recognize this variety. Moreover, 
representing the numbers and characters using the same 
Fuzzy input-set enable the system to recognize the plate’s 
elements without the need to know if the element under 
process is a character or a number. Lastly, we represented 
the characters and numbers with more than one sets to give 
the flexibility to this system to recognize different shapes 
and fonts to the same character or number. The proposed 
design made the proposed system more suitable and 
applicable in Malaysia. 
 
3.4.2 Template matching theorem 
 
The pattern matching technique is a suitable technique for 
the recognition of single-font, not-rotated, and fixed-size 
characters. Although this method is preferably used in 
binary images, properly built templates also obtained very 
good results for gray-level images [8]. One of the most 
important specifications for LPR is to have high speed 
processing and high recognition accuracy to be a real time 
system. Therefore, we have to reduce the processing time 
that system needs to segment long words like Putrajaya or 
Proton. Moreover, segmentation of these words will also 
lead to decrement of the recognition accuracy because they 
are written in Italic font which is hard to be segmented. 
Employing Template matching theorem (sum of square 
difference) gives high recognition accuracy and reduce the 
processing time to segment these words. The only 
disadvantage is that we need bigger memory area to store 
the template of words that we need to recognize. We have 
set a threshold of maximum accepted difference for the 
program. So it also can recognize if the words are blurry 
[27]. Moreover, we have used small image as a template 
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for all words with dimensions of 142 x 252 black and 
white image (see Figure 9). 
The method applied is accounting the sum of squared  
difference in each position while the word image we want 
to recognize moves over the background template. The 
point where the sum of squared difference is less than the 
threshold will be considered as the point of matching. The 
program will decide the recognized word up to  the dimen-  
 

 
 

 
 
sions of matching position. Referring to Figure 9, the word 
of image have been positioned vertically over the template 
image. The word image that we need to recognize will be 
placed vertically over the template and the sum of squared 
difference in each position between the word image and 
the template is measured. Whenever the difference is less 
than the threshold, the program will find the point of match 
lie within word area over the template and will print out 
that word as the output. 
 
4. Experimental Setup 
 
We have used these equipments to implement this project 
which are Dell 6400 laptop with 1.7GHz Dual-Core 
processor and 512M of RAM, Logitech webcam with 2Mp 

resolution and Matlab 6.0 with image processing tools. 300 
samples are used for system evaluation and they are 
acquired from the real scene around the campus of 
Universiti Putra Malaysia. The samples of these images are 
shown in Figure 10. 
 
5. Results & Discussion  
 
The main objective for this paper is to provide an input 
image of license plate that have been extracted from an 
image of real scene using VEDA [28], then segment the 
characters and numbers and recognize  it. This process has  

 
 
to cover forms of Malaysian license plates. The results and 
discussions are presented in three phases: recognition 
accuracy,  processing time and system adaptability. 
 
 
5.1 Accuracy 
 
Among many methods that have been used for image 
recognition, Fuzzy logic system and matching theorem are 
the most accurate and efficient theorems and hence we 
used these two system for a real time processing system 
which need high accuracy and fast processing to be 
applicable in the real fields. From the experiments, the 
hybrid system shows almost 100% accuracy in the testing 
of good quality images which have been captured without 
blur or with low-level of noise. Referring to Table 1, this 
accuracy reduced to 90.4% for the images that have been 
captured in outdoor environment without blur but with 
slope during image acquisition. Therefore, the recognition 
inaccuracies occured due to the sloped plates in real-scene 
images which acquire skew correction process before the 
recognition take place. The results show high recognition 
accuracy result on the hybrid method which is 100% for 
the ideal plates and 95.5% for the noisy and blurry images. 
 
5.2 Processing time 
 
The processing time for a real time processing system still 
one of the most important specification that it should have. 
We have improved several steps to reduce the processing 
time for the minimum value. Fuzzy system takes 
maximum of 1.7 seconds to process one plate starting from 
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segmentation to the recognition and displaying the results. 
Template matching takes maximum of 0.75 second to 
recognize a blurry plate, hence the non-blurry plate can be 
recognized faster than that. 
 
5.3 Adaptability 
 
The different length of license plates (different number of 
numbers and characters) is the major problem faced by 
ALPR system in Malaysia. To avoid this problem, we 
proposed a tailored design that enable the system to 
segment and recognize different types of license. The 
adaptability feature also can recognize if a license plate is 
standard plate or not. For now, this feature is able to 
recognize eight different types of license layouts (see 
Figure 11). After the recognition of 
 
 
 
 
 
 
 
 
 
 
 
 
 
the standard or non-standard plate, the system will direct 
the plate to be recognized by Fuzzy system if it is a 
standard or by template matching if it is a non-standard 
license plate. 
 
6. Conclusion  
 
By comparing with other systems which mostly failed to 
recognize all forms of Malaysian license plates due to the 
large varieties in the forms of these plates, the proposed 
system which is a hybrid method is able to recognize all 
Malaysian plate forms. The hybrid method has achieved 
good performance for real time recognition system. Most 
of the previous work relied on a single method like 
template matching or neural network which is ideal to 
recognize some forms while they showed weak recognition 
results to the rest of the forms. It is evident that the number 
and quality of testing examples have a direct effect on the 
overall LPR performance. However, 
this factor is often ignored in performance evaluation 
or comparison, which is the appropriate criterion for an 
algorithmic assessment as highlighted in [8]. In future, the 
proposed hybrid system will be tested on the standard 
database as proposed by [8]. 
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