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Abstract 

In this paper, an efficient edge-based approach, 
including implementation of a hardware system, for 
locating car license plate area from images taken un- 
der relatively complex conditions is presented. The 
proposed method is divided into three steps: 1) pre- 
processing - edges are detected from the input im- 
age and thresholded, 2) global search - candidate ar- 
eas are sought from the edge images, and 3) local 
search - exact plate area is determined based on the 
structural properties of the plate. For many images 
collected from a large underground parking place, 
the accuracy of the global search is 98% when the 
first and the second candidates are considered. And 
the local search algorithm correctly locates the plate 
area for 97% of the images. 

1 Introduction 

Automatic vehicle identification plays an impor- 
tant role as the ITS(Intel1igent Transport Systems) 
becomes getting bigger attention [I]. In general, the 
technologies for identifying a vehicle can be classi- 
fied into two categories: first one is to use of electro- 
magnetic devices to identify each individual vehicle. 
The RF tag, which is attached to a car for the pur- 
pose, is a typical and popular example. When mi- 
crowave signal arrives, the unique information stored 
in the tag is decoded and used for identifying the car. 

Computer vision-based vehicle identification 
technologies that have been reported in previous 
researches generally consist of several procedures, 
including extraction of a license plate region (or 
a number of candidate areas), segmenting charac- 
ters from the region and recognizing the characters. 
Among the procedures, accurate location of the li- 
cense plate region from a variable of scenes is of cru- 
cial importance because it directly affects the overall 
accuracy of the system. 

To make the extraction process robust, many dif- 
ficult problems should be dealt with, such as poor 
image quality due to various ambient lighting condi- 
tions and image distortion stems mainly from vari- 
ous combination of visual angles between the camera 
and the car. The image capturing process is largely 
depending on several aspects, including camera an- 
gle, dynamic range of the camera, ambient lighting 
condition, background complexity, existence of re- 
flection and plate fracture [3]. Therefore, it is nec- 
essary to make the extraction process robust so that 
it can work under any situation in the real world 
environment. Several approaches have been applied 
for extracting the plate region, including edge ex- 
traction [4] [5], Hough transform [6], histogram anal- 
ysis [7] and morphological operators [8]. 

A robust approach, including hardware imple- 
mentation, for extracting car license plate from im- 
ages with complex background, variable plate size 
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Figure 2: Block diagram of the hardware implementation 

and skew/tilt angles, and relatively poor lighting 
conditions is presented in this paper. Figure 1 shows 
two example images that the system deals with. 

Depending on applications, it is often desirable 
to make the system running stand-alone with mini- 
mum connections with other systems. To make the 
system simpler and more compact and to make up 
the processing power a specialized hardware which 
includes a large scale programmable component is 
introduced. The programmable component contains 
some image processing algorithms. 

This paper is organized as follows: Section 2 is on 
brief description on the hardware implementation 
and Section 3 describes overview of the proposed 
search algorithms. Section 4 is on experimental re- 
sults and performance analysis. Section 5 provides 
a summary of the work with conclusion. 

2 Hardware Implementation 

The proposed system consists of several hardware 
modules for grabbing images and fast processing of 
the images in efficient manner. Figure 2 shows the 
block diagram of the implementation. A deinter- 
laced image is formed using four field images cap- 
tured using a normal video camera and saved in 
the memory module. While the deinterlacing is 
performed, to minimize visual artifacts, the mo- 
tion is analyzed from the field images and interpo- 
lated based on the advanced edge-based line average 
method. Also, several basic image processing oper- 
ators, such as ones for producing gradient and edge 
images, are implemented in a large scale FPGA. The 
FPGA module is controlled by the processor mod- 
ule which is a single board PC and connected via 
standard bus systems. 

Performance and efficiency of the motion estima- 
tion and compensation algorithm which resides in 
the FPGA module is compared with several existing 
software implementations using typical test images. 
And the images captured by the implemented hard- 
ware compared with the ones taken by a progressive 
camera in a subjective manner. Also, functional- 
ity of the image processing operators are checked 

with ones produced by the corresponding software 
counter parts. The preliminary results show that 
high quality images can be captured using a conven- 
tional camera and prove that hardware implementa- 
tion of a number of basic image processing operators 
can be effectively employed for the various applica- 
tions. Figure 3 shows the edge images of ones shown 
in Figure 1 using the hardware implementation. 

Figure 3: Edge images obtained using the hardware 
implemented 

3 License plate searches 

Once a vehicle image is captured, a sequence of 
pre-processing steps is applied. A two-stage search 
process is performed in the subsequent steps: the 
global search in which candidates of the plate region 
are sought from the edge images, and the local search 
where the correct plate region is selected from the 
candidates and the boundary of the region is ad- 
justed using the structural properties of the plate. 
Figure 4 shows the flow of the search process and 
details on each step in Figure 4 are described in this 
section. 

To obtain edge images, the Canny operator [9] 
is applied. Based on the fact that the plate area 
contains more components with vertical strokes the 
operator is designed to detect vertical edges. Fig- 
ure 5(a) and (b) show the edge images of Fig- 



Figure 4: The overview of the search algorithm 

Figure 6: Global search: (a) feature image, (b) la- 
beled image, (c) lines are merged, and (d) candidate 
areas. 

Step 2: labeling edges 
In this step, labeling the edges is performed. 
During the labeling, relatively longer ones in 
both horizontal and vertical directions and 
smaller ones which can be regarded as noise are 
eliminated. Figure 6(b) shows the result. 

Step 3: locating candidate regions 
Edges remaining are examined and merged 
based on its relationships. As shown in Fig- 
ure 6(c), boxes are formed by merging edges 
with similar length and directions. Distance be- 
tween the edges are considered as well. Then, 
the boxes are also merged according to their rel- 
ative horizontal positions and the vertical dis- 
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(c) ( 4  tance between them. Figure 6(d) shows the 
merged boxes. 

Figure 5: Edge images: with (a) positive- and Among the regions, three candidates are se- 
(b)negative- gradient, and (c,d) after thresholding lected and ranked based on the size and the 

edge density inside the box. 

ure l (a )  with positive- and negative-gradient respec- 
tively. Then the edge images are thresholded to dis- 
card edges with trivial strength. Figure 5(c) and (d) 
show the edge images of Figure 5(a) and (b) after 
thresholding. 

3.2 Global search 

Step 1: obtaining the feature image 
As we can see in Figure 5, when a type of gradi- 
ent is observed in one side of a stroke it is natu- 
ral to  expect the other type of gradient nearby. 
The property can be used as a clue for locating 
the candidate regions. Since the both edge im- 
ages with positive- and negative gradients are 
obtained in the pre-processing stage, a feature 
image can be created by preserving edges with 
such property (Figure 6(a)). 

3.3 Local search 

Even the candidate areas are determined, as we 
can see in Figure 6(d), no candidate contains the 
whole plate area. Therefore, it is necessary to en- 
large the area under examination in all directions 
as shown in Figure 7(a). Once the ROIs are se- 
lected, it is necessary to make sure which one con- 
tains the license plate. Binarization [lo] is applied 
to the area and the objects inside are labeled (Fig- 
ure 7(b)). Among them, objects which can be re- 
garded as (bigger) numbers are identified using the 
aspect ratio of the digits, edge density, and so on. 
Using the identified objects, the size and the tilt an- 
gle of plate are estimated and confirmed based on 
the structural properties of the plate. 

If an area under examination does not satisfy the 
conditions, the process is repeated until the candi- 



Figure 8: Additional results: (a) the 2nd candidate 
is select,ed and (b) text are is ignored 

Figure 7: Local search: (a) the enlarged ROI, (b) ob- 
jects are labeled after thresholding, (c) the plate area 
is located, and (d) plate extraction result of Fig- 
ure l (b )  

dates are consumed. Figure 7(c) shows the final re- 
sult after the local search, and Figure 7(d) shows the 
result of image shown in Figure l (b) .  

the last stage, the candidates are examined to ver- 
ify whether it contains the license plat,e based on 
the structural properties of the license plate. Based 
on the experimental result,, the performance of the 
proposed approach is promising. Wavs to make the 
approach more robust and faster are being sought by 
combining a couple of techniques and fully utilizing 
the hardware implementation. 
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5 Summary and Conclusion 

An edge-based efficient and robust approach, in- 
cluding a hardware implementation, for locating li- 
cense plate from a car image is presented in this pa- 
per. The three-step approach is designed to deal 
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