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 Car plate detection is one of the branches of intelligent transport system (ITS) which is 

absolutely useful and applicable in modern technology. The most usage of it is for 
security in the world. It uses digital technology to recognize the car plates 

automatically. In this paper Neural network with optical swarm optimization are used 

together. The result shows that the usage of these two together make better detection 
and have less errors. The applied system consist of different intelligent algorithms such 

as RGB to gray conversion, noise rejection and average Filtration. Then binary and 

morphology algorithm are used for car plate extraction and at last Neural Network 
algorithm did the detection. PSO is also used for optimizations of the neural network 

parameters. This approach has very acceptable 
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INTRODUCTION 

 

 Population and technology are growing every day and this has made people use more complex and specially 

digitalized systems. The most important use of these systems are  for controlling the traffic and people security 

in the roads. In the previous decades, police were able to control the traffic and fine the bad drivers. But 

unfortunately, now due to mass population and limitation of roads this is not achievable so digitalized car plate 

detection has been used.  However, many of these digitalized systems up to were not very precise. The most 

important errors of the previous algorithms were related to the detection section In this paper an excellent 

algorithm has used for this purpose. As shown in Figure 1 the whole algorithm consist of 5 main steps and each 

steps have different process to cover all details and have a precise result. 

 
Fig. 1: the whole car plate detection algorithm. 

 

 As shown above, many processes have done to have a clear result. One example of that is  the usage of 

filtration and noise rejection several times after  each process. This is for sure  that there would be no noise to 

have an effect on the correct result. Also to have the best  decision for detection, Nural Networl algorithm was 

used and even Its parameters were  optimized with PSO. Besides the light of the day was updated for algorithm 

to omitting the effects of light variation on the image.  

 All the 7 parts are described in this paper as follow.1. Introduction 2. Preprocessing  3. Morphology 

algorithm for car plate extraction 4. Morphology algorithm for each  number plate extraction  5.  Neural network 

for number plate Detection 6.  PSO for  Parameter Optimization 7. Showing the results 



775                                Seyed Mohammad Alavi and Mohammad Alipour Varmazabadi, 2015 

Advances in Environmental Biology, 9(3) February  2015, Pages: 774-779 

 2. Preprocessing:   

 First images were taken by smart cameras and then loaded to the software. Then they needdigital 

preprocessing.  Digital image preprocessing is an initial step to image processing improving the data image 

quality for more suitable for visual perception or computational.  

 [1]. preprocessing in this paper consist of:  RGB to gray conversion, filtering, binarization. 

 Figure 2 shows the loaded image. 

                                                     

 
 

Fig. 2: loaded image. 

 

2.1. RGB to gray conversion: 

 Here all rgb pixels in each image converted to gray scales according to their intensity.  Therefore the whole 

image omits its color and become gray scale. Of course gray scale includes shadows and ranged from 0 top 255. 

Figure 3 shows the gray scale image. 

 

 
Fig.  3: gray scale image. 

 

2.2. Filteration: 

 Each image according to different situations such as weather quality, light of back ground, car plate clarity 

has  lots of noises which lead to errors in result. There for it needs filtration. Filtration is both useful for best 

detection and also for speeding up the process.   Here average filtering was used. Hopefully it removes most of 

the noises. Median filter is also another filtration. But did not work as best as average filter. So we did not Used 

it . Figure 4 shows the gray scale image after filtration. 

 

 
 

Fig. 4: gray scale image after filtration. 

 

2.3 binarization: 

 Image binarization is a process to convert an image to black and white [2]. In overall we can say that this 

algorithm changes the gray scale image to black and with (the image just consists of black and white pixel). This 

conversion is done with a threshold that needs to be chosen by optimization named Theresholding. Thresholding 

is choosing a threshold value T and assigning 0 to the pixels with values smaller than or equal to T and 1 to 

those with values greater than T[3]. Here we used a binary algorithm that had the best result for us. Savola and 

Otsu’s binarization method was also tested on our images to find the best  option. Figure 5 shows the binary 

image. 
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Fig. 5: binary image. 

 

3. Car plate extraction (Using Morphology algorithm): 

 When dealing with binary images, one of the principal applications of morphology is extracting image 

components that are useful in the representation and description of shape [4]. Here our aim was extracting the 

car plate with rectangle shapes. There for the best choice was Dilation of Morphology method.  The simplest 

used of dilation is for eliminating irrelevant or hidden details (in term of size) from a binary image and make the 

object larger that is obtained by merging multiple objects[5]. With this method the numbers of palates connect 

to each other and  shaped the plate. Then with the connected component analysis (ACC), connected parts were 

labeled (there is a possibility to chose 4-connected or  8-connected).  At last with noise rejection algorithm 

(filtration) the best candidates that  matches the features of car plate was chosen. In this paper height, weight, 

height to weight ratio and the numbers of pixel of usual car plate were chosen as the feature  and we had a  very 

precise results. Figure 6 shows the image with closing algorithm.  

 

 
 

Fig. 6: the image with closing algorithm. 

 

 Figure 7 shows the extracted plate image.                

                   

                                          
 

Fig. 7: the extracted plate image. 

 

 Figure 8 shows the extracted plate image from the main image. 

 

                                         
 

Fig. 8: the extracted plate image from the main image. 
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4. Number plate extraction (Using Morphology algorithm): 

 In this level each number  of the car plate needed to be seperated and used for recognition  algorithm. 

Therefore first the image (the cropped car plate) should be converted to binary  and then with connected 

component analysis (ACC) algorithm each number were labeled and extracted. 

 

5. The structure and architecture of research’s neural network: 

 Artificial neural networks are of the effective methods in recognizing problems, include identifying license 

plate. Artificial neural networks are models for information processing which are made based on mimicking 

biological neural networks, such as the human brain. A key element of this model is its new structure of the 

information processing system, which is made by the large number of processing elements (neurons) with strong 

intercommunication , and coordinately  work together to solve specific problems. By processing on empirical 

data, learner Artificial Neural Network transforms hidden knowledge or laws, behind those data, into the 

network which this task is called “learning”.  

 In this study, Multi-Layer Perceptron (MLP) neural network  is used, which is one of the most common and 

widely used  neural network with variable weights. Perceptron, which is a feedforward component of neural 

network, has both single-layer and multilayer form. Single-layer Perceptron can only classify separate linearly 

problems and for more complex ones, it is necessary to use a greater number of layers. MLP neural networks are 

composed of one or more intermediate layers. Input signals are normalized with norm coefficients and after 

calculation output is converted to real value. The initial values of weights are considered randomly. Figure 9 

shows an MLP neural network. 

 

 
 

Fig. 9: The general structure of the MLP network. 

 

 Initially, each neuron in the hidden layer, compute sum of input information multiplied by connection 

weights (initial values of weights are determined randomly) and then sent this value to neuron in next layer 

using an activation function. Computed output values are compared with its real value, and then errors are 

calculated. Outcome of outputs layer are in fact final results of neural network reactions to applied inputs which 

in turn will be different from inputs. To minimizing this difference, training and learning are used so that 

network outputs are compared with desired ones then based on learning algorithm, weights are adjust under 

supervising until appropriate pattern will created.  

 As noted before, in this research a multilayer perceptron neural network is used, and to determining 

parameters of models, designing optimal network, the multistep process in [6] is used. The characteristics of 

designed network are as follow: 

 The number of neurons in the input layer = K = 23 

 The number of neurons in the output layer = L = 1 

 The number of neurons  inhidden layer =        

Thus, optimal network has one hidden layer and 5 processor element (neurons) in the hidden layer. Meanwhile, 

hyperbolic tangent activation function (tanh) was selected for both the hidden and output layers, since this 

function gives better results than other functions [7].  To calculating  network error, for n-th iteration, which is 

the n-th training period, the square error of output  for all neurons in the output  was used as follows:      

 
where dj(n), is arbitrary output for  j-th neuron in output layer, yj(n) actual output for j-th neuron in output layer 

and C in sum of total output’s neurons.  Total error, E, for the N-th iteration is computed as follow: 

 
Weight, with the aim of reducing costs, E shall be set to the minimum gradient descent method. Correction 

equation and update the weights as follows: 
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With the aim of reducing costs of minimizing E, Weight, shall be set with gradient descent method. The 

equation of correcting and updating of weights is as follows: 

 
where μ is learning coefficient, α moment coefficient, wji(n) new weight and  wji(n-1) pervious weight.   

The weights are repeatedly updated for all learning patterns. Learning continues until the total error (i.e. E) 

becomes less than the specified threshold value or the number of courses is completed. 

In this study, we used two back-propagation algorithms with moment term and Particle Swarm Optimization for 

training network, and then the results of these methods were compared.  

5.1 back-propagation algorithms with moment term 

Back-propagation algorithm with moment term is a dynamic, recitative and phased algorithm in which the 

gradient descent is used for minimizing square error between the network outputs and the target function. Error 

propagation is a common method of teaching window-half that are employed to various nonlinear multilayer 

networks are employed. 

5.2 Particle Swarm Optimization (PSO) Algorithm  The algorithm is primarily inspirited from biological 

phenomenon of particle swarm (moving animals, herd animals) [8]. Particle Swarm Optimization in general is 

used for optimizing the parameters specially in neural networks. In this case, a mathematical algorithm, with 

considering the speed and position of the particles which are moving around an area, deals with optimizing. 

6 - Experiments and Results  Network was trained with n = 400 samples of Iranian and foreign license plates. 

These samples were selected randomly. To comparing and to analyzing the results, Time Spent and Precision 

benchmark was used. The value of Precision is equal to the number of correct responses (i.e.  Numbers of 

license plates which are correctly detected) divided by the total number of questions. Value of   Time Spent  is 

equal to the time taken to perform method until  creating output . 

The value of Precision, for a neural network with back-propagation algorithm is equal to 74.7 %. This implies 

that every 100 plate, 74.7 are diagnosed correctly. The value for PSO algorithm is equal to 96.4% which means 

that in comparing with back-propagation algorithm, PSO has more accurate performance.  Figure 10 shows 

comparison density of Precision for the above two cases. 

 

 
 

Fig. 10:  Graph of precision density.a) Neural network with back-propagation algorithm b) Neural networks 

    with Particle Swarm Optimization Algorithm. 

 

 Although Precision implies more accurate performance of the neural networks with PSO algorithm,  

TimeSpent  register lowest value   for neural networks with back-propagation algorithm which indicate that 

back-propagation has more fast performance. However, this is not unusual because the PSO employs more 

detail and thus its implementation requires more time. Figure 11, shows TimeSpent for both cases. 

 

Conclusion: 

 In this paper, based on neural network an innovative method for detecting vehicle license plate is suggested, 

in which two different algorithms were used for learning and training were network. The results of 

Implementing and testing showed significant performance of network combined with the Particle Swarm 

Optimization algorithm. However, this combined approach is slower than back-propagation neural network, but 

has higher precision.  Based on this results, it can be said  than in this research,  compared with similar works, a 

much more precise method have been obtained  for use in the vehicle license plate detestation industry, so that 

the vehicle license plate detection system can be fully automated, and without human can be used for traffic 

control. However, increasing the accuracy up to 100% is recommended for future work. 
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Fig. 11: Graph of TimeSpent. 
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