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Abstract
Automation plays an important role in present world. The 
localization of number plate is an important area of research. An 
adaptive threshold method is applied to overcome the dynamic 
changes of illumination conditions when converting the image 
into binary. Connected Component Analysis Technique (CCAT) 
is utilized to find candidate objects inside the unknown image. 
A scale-invariant geometric relationship matrix is introduced to 
model the layout of symbols in any LP that simplifies system 
adaptability when applied in different countries. Most of the CCAT 
problems, such as touching or broken bodies, are minimized by 
modifying the ANPR to perform partial match until reaching 
an acceptable fitness value. The system is implemented using 
MATLAB and various image samples are experimented with 
to verify the distinction of the proposed system. Encouraging 
results with 98.4% overall accuracy are reported for two different 
datasets having variability in orientation, scaling, plate location, 
illumination, and complex background. 
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I. Introduction
The detection stage of the License Plate (LP) is the most critical 
step in an automatic vehicle identification system [1]. Much 
research has been carried out to overcome many of the problems 
faced in this area, but there is no general method that can be 
used for detecting license plates in different places or countries, 
because of the difference in plate style or design. All the developed 
techniques can be categorized according to the selected features 
upon which the detection algorithm was based and the type of 
the detection algorithm itself. Color-based systems have been 
built to detect specific plates having fixed colors. External-shape 
based techniques were developed to detect the plate based on its 
rectangular shape. Edge-based techniques were also implemented 
to detect the plate based on the high density of vertical edges inside 
it. Research in  and was based on the intensity distribution in the 
plate’s area with respect to its neighborhood where the plate is 
considered maximally stable external region. 
Many researchers have combined different features in their 
systems. The applied location algorithms ranged from window-
based measurable coordinating strategies to profoundly canny 
based methods that utilized neural systems, fluffy rationale. Gas 
has been utilized infrequently as a result of their high computational 
needs. 
In last few years, ANPR or License Plate Recognition (LPR) has 
been one of the useful approaches for vehicle surveillance. It is 
can be applied at number of public places for fulfilling some of 
the purposes like traffic safety enforcement, automatic toll text 
collection [1], car park system [2] and Automatic vehicle parking 
system [3]. ANPR algorithms are generally divided in four steps: 
(1) Vehicle image capture (2) Number plate detection (3) Character 
segmentation and (4) Character recognition. As it is shown in fig. 1, 
the first step i.e. to capture image of vehicle looks very easy but it is 
quite exigent task as it is very difficult to capture image of moving 
vehicle in real time in such a manner that none of the component 

of vehicle especially the vehicle number plate should be missed. 
Presently number plate detection and recognition processing time 
is less than 50 ms [4] in many systems. The success of fourth step 
depends on how second and third step are able to locate vehicle 
number plate and separate each character. These systems follow 
different approaches to locate vehicle number plate from vehicle 
and  then to extract vehicle number from that image. 
The proposed system is composed of two phases: Image processing 
phase and Analysis phase. Each phase is composed of many stages. 
The flowchart in Fig. 1 depicts the various image processing 
stages that finally produce image objects to the Analysis phase. 
It selects the optimum LP symbol locations depending on the 
input Geometric Relationship Matrix (GRM) that defines the 
geometrical relationships between the symbols in the concerned 
LP.

II. Image Processing Phase
In this phase, an input color image is exposed to a sequence of 
processes to extract the relevant 2-D objects that may represent 
the symbols constituting the LP. These processes that are carried 
out in different stages, as depicted in fig. 1, will be presented in 
the following subsections.

Fig. 1: Overall System Flowchart for Localization of LP 
Symbols

A. Color to Grayscale Conversion
The input image is captured as a color image by taking into account 
further processing of the image to extract other information 
relevant to the concerned vehicle. Color (RGB) to grayscale (gs) 
conversion is performed using the standard NTSC method by 
eliminating the hue and saturation information while retaining 
the luminance as follows:
gs = 0.299*R + 0/587 * G + 0.114 * B

B. Gray to Binary Using Dynamic Adaptive Threshold
Converting the input image into a binary image is one of the most 
sensitive stages in localizing LPs due to spatial and temporal 
variations encountered in the plate itself and the environment 
around it resulting in several illumination problems. Hence, 
binarization of the image according to a fixed global threshold is 
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not suitable to overcome these problems. In our system, a local 
adaptive method based on the techniques described has been 
implemented to determine the threshold at each pixel dynamically 
depending on the average gray level in the neighborhood of the 
pixel. A simple, yet effective, rule has been adopted to differentiate 
between foreground and background pixels. If the pixel intensity is 
higher than 90% of the local mean, it is assigned to the background; 
otherwise, it is assigned to the foreground. The 10% offset below 
the mean is chosen experimentally to minimize the sensitivity 
to fluctuations in illumination. The size of the window used to 
calculate the threshold for each pixel is selected according to the 
image resolution and the expected size of the license symbols. A 
30×30 window has been applied on the first set of image samples 
used in this research, which resulted in a high accuracy rate in 
different illumination conditions as will be presented in the results 
section. Although some images can be binarized successfully using 
Otsu’s global threshold method, others, may produce incorrect 
results. On the other hand, local adaptive binarization will give 
satisfactory output.

C. Morphological Operations
Morphological operations, such as dilation and erosion, are 
important processes needed for most pattern recognition systems 
to eliminate noisy objects and retain only objects expected to 
represent the targeted patterns. In LP detection, closing operation 
(dilation followed by erosion) is performed to fill noisy holes 
inside candidate objects and to connect broken symbols. On the 
other hand, opening (erosion followed by dilation) is applied 
to remove objects that are thinner than the LP symbols. In our 
system, closing is applied to fill spaces that break the bodies of 
symbols using a three pixel- disk element in the first experiment. 
This process is very important especially for the recent Saudi LP 
layout where a light gray watermark is used for authentication 
purposes. This watermark becomes white after the binarization 
process and breaks down most of the bodies of the LP symbols. 
For non-Saudi LP images, a disk radius of less length is used to 
prevent filling the spacing between the LP symbols. Removal of 
thin objects is performed in the size filtering stage.

D. Connected Component Analysis (CCA) and Objects 
Extraction
CCA is a well-known technique in image processing that scans 
an image and groups pixels in labeled components based on pixel 
connectivity. An eight-point CCA stage is performed to locate all 
the objects inside the binary image produced from the previous 
stage. The output of this stage is an array of N objects. Fig. 2 
shows an example of the input and output of this stage.

E. Size Filtering
The objects extracted from the CCA stage are filtered on the basis 
of their widths Wobj and heights Hobj such that the dimensions of the 
LP symbols lie between their respective thresholds as follows:

Wmin  Wobj  Wmax  and Hmin  Hobj  Hmax

Where Hmin and Wmin are the values below which a symbol cannot 
be recognized (8 pixels for example) and Wmax can be set to the 
image width divided by the number of symbols in the license 
number. Hmax is calculated as Wmax divided by the aspect ratio of 
the used font. The ranges of these values can be narrowed in the 
case of a mounted camera to speed up the process of detection but 
for a moving camera; the ranges depend on the required object 

to camera distance range. The output of this stage is an array of 
M objects. 

Fig. 2: CCA Example. (a) Input Image. (b) Output Objects (N 
= 2287).

III. Number Plate Detection
Most of the number plate detection algorithms fall in more than 
one category based on different techniques. To detect vehicle 
number plate following factors should be considered: 

Plate size: A plate can be of different size in a vehicle 1. 
image. 
Plate location: A plate can be located anywhere in the 2. 
vehicle. 
Plate background: A plate can have different background 3. 
colors based on vehicle type. For example a government 
vehicle number plate might have different background than 
other public vehicles. 
Screw: A plate may have screw and that could be considered 4. 
as a character. 

A number plate can be extracted by using image segmentation 
method. There are numerous image segmentation methods 
available in various literatures. In most of the methods image 
binarization is used. Some authors use Otsu’s method for image 
binarization to convert color image to gray scale image. Some 
plate segmentation algorithms are based on color segmentation. 
A study of license plate location based on color segmentation is 
discussed in [2]. In the following sections common number plate 
extraction methods are explained, which is followed by detailed 
discussion of image segmentation techniques adopted in various 
literature of ANPR or LPR.
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A. Image Binarization 
Image binarization is a process to convert an image to black and 
white. In this method, certain threshold is chosen to classify certain 
pixels as black and certain pixels as white. But the main problem 
is how to choose correct threshold value for particular image. 
Sometimes it becomes very difficult or impossible to select optimal 
threshold value. Adaptive Thresholding can be used to overcome 
this problem. A threshold can be selected by user manually or it 
can be selected by an algorithm automatically which is known as 
automatic thresholding. 

B. Edge Detection 
Edge detection is fundamental method for feature detection or 
feature extraction. In general case the result of applying edge 
detection of algorithm is an object boundary with connected 
curves. It becomes very difficult to apply this method to complex 
images as it might result with object boundary with not connected 
curves. Different edge detection algorithm / operators such as 
Canny, Canny-Deriche, Differential, Sobel, Prewitt and Roberts 
Cross are used for edge detection. 

C. Hough Transform 
It is a feature extraction technique initially used for line detection. 
Later on it has been extended to find position of arbitrary shape 
like circle or oval. The original algorithm was generalized by 
D.H. Ballard [3]. 

D. Blob Detection 
Blob detection is used to detect points or regions that differ in 
brightness or color as compared to surroundings. The main purpose 
of using this approach is to find complimentary regions which are 
not detected by edge detection or corner detection algorithms. 
Some common blob detectors are Laplacian of Gaussian (LoG), 
Difference of Gaussians (DoG), Determinant of Hessian (DoH), 
maximally stable extremal regions and Principle curvature based 
region detector. 

E. Connected Component Analysis (CCA) 
CCA or blob extraction is an approach to uniquely label subsets 
of connected components based on a given heuristic. It scans 
binary image and labels pixel as per connectivity conditions of 
current pixel such as North-East, North, North-West and West of 
the current pixel (8-connectivity). 4-connectivity is used for only 
north and west neighbour of current pixel. The algorithm gives 
better performance and it is very useful for automated image 
analysis. This method can be used in plate segmentation as well 
as character segmentation. 

F. Mathematical Morphology 
Mathematical morphology is based on set theory, lattice theory, 
topology, and random functions. It is commonly applicable to 
digital image but can be used in other spatial structures also. 
Initially it was developed for processing binary images and 
then extended for processing gray scale functions and images. 
It contains basic operators such as Erosion, dilation, opening, 
closing.

Character segmentation is very important in order to perform 
character recognition with good amount of accuracy. Sometimes 
character recognition is not possible due to error in character 
segmentation. In some literature of ANPR, character segmentation 
is not discussed with details. Some methods such as image 

binarization, CCA, vertical and horizontal projection can produce 
better results of character segmentation.

Template matching is useful for recognition of fixed sized 
characters. It can be also used for detection of objects generally 
in face detection and medical image processing. It is further 
divided in two parts: feature based matching and template based 
matching. Feature based approach is useful when template image 
has strong features otherwise template based approach can be 
useful. Statistical feature extraction method is applied for achieving 
85% of character recognition rate. In [5], several features and 
extracted and salient is computed based on training characters. 
A linear normalization algorithm is used to adjust all characters 
with uniform size. The recognition rate of 95.7% is achieved 
among 1176 images. An SVM based approach is used for feature 
extraction of Chinese, Kana and English, Numeric characters. 
The authors achieved success rate of 99.5%, 98.6%, and 97.8% 
for numerals, Kana, and address recognition respectively. The 
authors used low-resolution template matching method to work 
with lower resolution image such as 4 X 8. The authors used 
similarity function to measure similarity between patterns.

IV. Results and Discussion
The proposed system has been implemented using MATLAB. Two 
experiments were carried out. The first experiment was done on 
a Saudi LP dataset of car images acquired at various camera-to-
object relative positions in different lighting conditions. 

Fig. 3(a): Examples of Number Plate Detected Image

Fig. 3(b): Examples of Number Plate Detected Image
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Fig. 4: Plot Between Object Distance and Generations

Fig. 5: Comparison of Different Techniques

Above plot shows the comparison between the different 
techniques.

V. Conclusion
A new genetic-based prototype system for localizing 2-D compound 
objects inside plane images was introduced and tested in the 
localization of LP symbols. The results were encouraging and a 
new approach for solving the LP detection problem relying only 
on the geometrical layout of the LP symbols was experimentally 
proved. Also, a flexible system was introduced that can be simply 
adapted for any LP layout by constructing its GRM matrix. A new 
research dimension for Gas was opened to allow for the detection 
of multiple plates and even multiple styles in the same image and 
to increase the performance in terms of speed and memory and 
to apply the same technique in other problem domains analogous 
to the LP problem.
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