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Abstract :This paper presents the license plate localization and recognition using embedded platform like FPGA. The Number plate localization 

is a very important step in an Automatic Number Plate Recognition (ANPR) system and it is comparatively intensive task. The algorithm used 

for plate localization is targeted to be of low complexity and high detection rate.  This system can be implemented and tested using the FPGA 

Spartan 3 kit. The localization is done using morphological operations. The edge detection is done by using sobel operator. The recognition is 

done by using genetic algorithm. An adaptive threshold method is used to overcome the dynamic changes of illumination conditions when 

converting the image into binary. The Connected component analysis technique (CCAT) is used to detect candidate objects inside the unknown 

image. A scale-invariant geometric relationship matrix is used to model the layout of symbols in any LP that simplifies adaptability of the system 

when applied in different countries having different plate styles. The  problems , such as touching or broken bodies in CCAT, are minimized by 

modifying the GA to perform partial match until reaching an acceptable fitness value. This system is implemented using MATLAB and Xillinx. 

__________________________________________________*****_________________________________________________ 

I. INTRODUCTION : 

 

An automatic Number Plate Recognition (ANPR) system 

has the function of tracking, identifying and monitoring 

moving vehicles. The steps involved in an ANPR system are 

image capture, image processing and plate recognition. The 

image processing phase, includes two tasks , i.e. plate 

localization and character recognition. Plate localization 

basically requires two major tasks. The first one is to 

separate Number Plate (NP) area from Non-Number Plate 

(Non-NP) area and second one is the plate adjustment. The 

plate recognition stage requires a pre-processing step which 

is plate segmentation in this the symbols or characters will 

be separated from the NP so that only useful information are 

retained for recognition in which the image format will be 

converted into symbols or characters by pre-defined 

Transformation models.  All the developed techniques can 

be classified according to the selected features upon which 

the detection algorithm was based. The Color-based systems 

have been built to detect specific plates having fixed colors 

[1]–[2]. The External-shape- based techniques have been 

implemented to detect the plate based on its rectangular 

shape [3]–[4]. The Edge-based techniques were developed 

to detect the plate based on the high density of vertical edges 

inside it [5]–[6]. The Research carried out in [7] and [8] was 

based on the intensity distribution in the plate‟s area with 

respect to its neighborhood where the plate is considered 

maximally stable extremal region. Different research has 

been tried at different levels  to minimize the search space of 

genetic algorithms (GAs). The Researchers in [9] based their 

GA on pixel color features that segments the image 

depending on stable colors into plate and non-plate regions, 

which is followed by shape dependent rules to identify the 

plate‟s area. In [10], GA was used to match the best fixed 

rectangular area having the same texture features  that is 

present in the prototype template. The technique used lacks 

in invariability to scaling because fixed parameters were 

used for the size of the plate‟s area. In [11], GA was used to 

locate the plate in vertical direction after detecting the left 

and right limits based on horizontal symmetry of the vertical 

texture histogram present around the plate‟s area. This 

method has a drawback that it is sensitive to the presence of  

other objects above or below the vehicle that can create 

disturbance in the texture histogram. GA in [12] was only 

used to recognize the LP symbols not to detect the LP.  

 

ANPR is a computationally intensive task and often has to 

be under real-time constraint, the common hardware choice 

for its implementation is often high performance 

workstations. The cost, compactness and power issues 

motivate the search for other platforms. Recent 

improvements in low-power high-performance Field 

Programmable Gate Arrays (FPGAs) and Digital Signal 

Processors (DSPs) for image processing have motivated 

researchers to consider them as a low cost solution for 

accelerating such computationally intensive tasks. 

 

II. RELATED WORK: 

 

The proposed system is composed of two phases: 

1. image processing phase and 

2.  GA phase. 

The flowchart in Fig. 1 depicts the various image 

processing stages that finally produce image objects to 

the GA phase. 
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Fig 1.overall system flowchart for localization of LP 

symbols. 

 

1] Image Processing Phase: 

In this an input color image is exposed to a sequence of 

processes to extract the relevant 2-D objects that represents 

the symbols present in the LP. These processes are carried 

out in different stages that are: 

a) Color to Grayscale Conversion: 

The input image that is captured as a color image by taking 

into account further processing of the image to get the other 

information relevant to the concerned vehicle. Color (RGB) 

to grayscale (gs) conversion is obtained using the standard 

NTSC method that  eliminates the hue and saturation 

information and retains the luminance as follows: 

gs =0 .299∗R +0 .587∗G +0 .114∗B………………………. 

(Eqn  1) 

b) Gray to Binary Using Dynamic Adaptive 

Threshold: 

A local adaptive method is used to determine the threshold 

at each pixel dynamically depending on the average gray 

level in the neighborhood of the pixel.[16] 

c) Morphological operations 

Morphological operations such as dilation and erosion are 

important processes required for pattern recognition systems 

to eliminate noisy objects and only retain the objects 

expected to represent the targeted patterns. In LP 

detection,the closing operation  is performed to fill noisy 

holes inside candidate objects and to connect broken 

symbols and on the other hand, opening operation is applied 

to remove objects that are thinner than the LP symbols. 

d) Connected Component Analysis (CCA) 

CCA is a well-known technique in image processing that 

scans an image and groups the pixels in labeled components 

based on pixel connectivity[17].The output of this stage is 

an array of N objects. 

e) Size Filtering 

The objects obtained from the CCA stage are filtered on the 

basis of their widths Wobj and heights Hobj so that the 

dimensions of the LP symbols lie between their respective 

thresholds as follows: 

Wmin ≤ Wobj ≤ Wmax and Hmin ≤ Hobj ≤ 

Hmax………………………(Eqn2) 

where Hmin and Wmin are the values below which a 

symbol cannot be recognized and Wmax can be taken as the 

image width divided by the number of symbols in the 

license number.These above methods are used for license 

plate localization that are implemented and verified using 

FPGA . 

2] Genetic Algorithm Phase: 

GA selects the optimum License plate symbols locations 

depending on the input geometric relationship matrix 

(GRM) that indicates the geometrical relationships between 

the symbols in the concerned LP. This method is used for 

character recognition that is also implemented and verified 

using FPGA. 

 

III. NUMBER PLATE LOCALIZATION 

ALGORITHM: 

The proposed algorithm is basically depended on two open 

and a close morphological operations, the first open  

operation is used to extract the features of the NP, the 

second open operation is used to remove noise, the close 

operation is then used to fuse the pixels in the number plate 

region together. 

This algorithm consists of two major stages: 

1. Morphological operations used for extracting plate 

features 

2. Selection of candidate regions.[14] 

    

Fig. 2 shows a block diagram of the proposed NPL system. 

 

1. Plate Feature Extraction  

The proposed algorithm mainly uses three morphological 

operations to reduce the pixels of the non-plate region and to 

enhance those of the plate region. The original RGB image 

is first converted into a grey scale image, which is used as 

an input for the following block where the first 

morphological open operation is used. The morphological 

open operation is an erosion followed by a dilation and the 

opposite operation is the close operation that is a dilation 
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followed by an erosion. The shape of the morphological 

operations is based on a suitable structuring shape 

considered as a probe called the Structuring Element 

(SE)[15]. Open and close operations can be performed as 

shown in equations (1) and (2) respectively. 

 

Io=(I ʘ SE) Ɵ SE ………………………………     (Eqn3) 

Ic=(I Ɵ SE) ʘ SE ………………………………     (Eqn4) 

where I denotes a greyscale input image,Ɵ denotes a dilation 

operation and ʘ denotes an erosion operation:  

2. Selection of Candidates Plate Region :  

The output image from the previous stage consists of a set of 

groups of connected pixels. A labeling algorithm CCA is 

used to mark these pixels. In the proposed work, the CCA 

uses a „4-connectivity‟ method, and labels them using 

different numbers. Once all the groups of pixels have been 

determined, each pixel is labeled based on the group it 

belongs to. Therefore, a set of potential candidates can be 

selected from the image using the known geometrical 

conditions, which mainly consist of the width, height and 

ratio of the plate region.[14]  

 

IV. PROPOSED NUMBER PLATE 

LOCALIZATION ARCHITECTURE: 

Morphological operations based architecture consists mainly 

of an image reader, three morphological operations and 

CCA. Therefore, this architecture can be designed using the 

following modules:  

- Memory Reader Module;  

- Converter Module;  

- Morphological Operations Module; and   

- CCA Module.[14]  

 

The structure of the proposed architecture is shown in Fig. 3 

 
Fig.3. Proposed Number Plate Localization Architecture 

 

Memory Reader and Converter Module:- 

The first module in the proposed architecture is the memory 

reader and converter. The memory reader part of the module 

is used to read the RGB values for each pixel from the 

original RGB image which has a size of 640*480 and to 

assign a position coordinate.[14]  

 

Morphological Operations Module:- 

The morphological operations module consists of the 

morphological open and the morphological close sub-

modules. According to the equation (3) and (4), the 

morphological open operation and the morphological close 

operation can be divided into two sub-filters respectively, 

i.e. the morphological dilation and the morphological 

erosion sub-filters, where the order in each case decides 

whether the morphological operation is open or close. The 

gray scale dilation calculates the maximum pixel value in a 

specific SE. On the contrary, the gray scale erosion 

calculates the minimum value in a specific SE.[14]  

 

CCA Module:-  

The CCA module is used to mark and select a candidate 

plate region from the entire binary image. Basically, the 

pixels of the input pixel stream are divided into several 

groups by the CCA module. This grouping is based on the 

pixels‟ connectivity.[14] 

 

RESULTS: 

The different software platforms that are used include the 

MATLAB and the XILINX. Xilinx ISE (Integrated 

Software Environment) is a software tool used for synthesis 

and analysis of HDL styles, enabling the developer to 

compile styles, perform timing analysis, examine RTL 

diagrams, simulate a style's reaction to different stimuli, and 

configure the target device. MATLAB is a high-level 

language and interactive environment for numerical 

computation, visualization, and programming. The key 

advantage of VHDL, when used for systems design, is that it 

allows the behavior of the desired system to be described 

(modeled) and verified (simulated) before synthesis tools 

translate the look into real hardware (gates and wires). The 

proposed architecture for NPL can be simulated using 

Xilinx . After simulation, the architecture can be 

implemented and verified using the FPGA like spartan 

3.The external memory data width is 32 bits, which means 

every pixel value can be saved on a single memory location.  

Every clock cycle one data pixel is passed from one block to 

the next. The results show a similar performance compared 

to the software implementation in terms of NPL rate where 

the entire overall rate is 97.8%. 

 

CONCLUSION : 

An ANPR system can be divided into three main 

image processing stages: NPL, NP segmentation and 

character recognition. All three stages are computationally 

intensive tasks. But FPGAs have become a viable solution 

for performing computationally intensive tasks. Owing to 

the importance and the use of ANPR systems in law 

enforcement, an efficient NP localization algorithm can be 

proposed for FPGA implementation. By comparing the 

parameters of PC and FPGA-based implementations of the 

such algorithm, it can be found that FPGA can have fast 

speed with close accuracy; therefore, the proposed FPGA-

based system can be used as a viable solution. Therefore 

proposed work can be implemented on FPGA to get 

advantage on cost, size and energy consumption. 
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