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Abstract

In order to accurately detect the various sizes of vehicle license plates which are included
in input image, we introduce hierarchical approach and overlapped partitioning technique in
this paper. The proposed approach firstly attempts the license plate detection for entire
image. If detection is failed, the image is partitioned into 3 overlapped rectangular areas and
the license plate detection is attempted again. If detection is failed again, the image is
partitioned into 7 overlapped rectangular areas and license plate detection is attempted. The
method to use for detecting license plate in each step is the edge-based projection technique.
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1. Introduction

Automatic vehicle license plate recognition is an important component of modern
intelligent transportation systems (ITS). With the rapid development of computer vision and
pattern recognition, vision-based technologies are increasingly applied in ITS to traffic
control and management. Generally vehicle license plate recognition is divided into several
steps including license plate extraction, image region which contains a license plate, character
segmentation, and character recognition. In generally, in order to recognize a vehicle license
plate, the region of the license plate should be extracted from a vehicle image [4][5]. Accurate
detection of the plate region is essential process to go over to the step of character
recognition. There are two major methods to extract license plate region, one is based on edge
detection in grayscale image [1]. In other words, since the license plate generally has a
rectangular shape with a known aspect ratio, it can be extracted by finding all possible
rectangles in a vehicle image. Edge detection methods are commonly used to find these
rectangles [3]. In detecting edge, several operators are used, such as Sobel operator [6-7]. In
order to search rectangle candidates, a projection is used at horizontal direction or vertical
direction. The other is based on the special color feature of the plate [2]. The image is
changed from RGB model to HSI model. One problem of this approach occurs when the
vehicle color and its plate color is similar. In this case, it is not easy to extract the license
plate from the vehicle image.

The size of license plate in a vehicle image varies enormously depending on the acquisition
condition of the image data. In other words, the farther you move from the camera the size of
license plate gets smaller in the same image acquisition environment. Applying to the same
method to extract license plates with different sizes can cause various problems. Especially, if
the size of license plate of in vehicle image is small, license plate detection is easy to fail.

In this paper, we introduce hierarchical approach and overlapped partitioning technique to
accurately detect the various sizes of vehicle license plates which are included in input image.
The proposed approach firstly attempts the license plate detection for entire image. If
detection is failed, the image is partitioned into 3 overlapped rectangular areas and license
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plate detection is attempted. If detection is failed again, the image is partitioned into 7
overlapped rectangular areas and license plate detection is attempted. The method to use for
detecting license plate in each step is the edge-based projection technique.

2. The Proposed Algorithm

Fig 1 shows the edge projection-based technique for detecting of car license plate. Our
algorithm is based on this technique. In this paper, we would like to accurately detect the
various sizes of vehicle license plates which are included in input image.

r

Figure 1 The Edge Projection-based Technique

The proposed algorithm has two primary steps including a hierarchical approach. The
hierarchical approach consists of three parts: two parts of projection and one part of rectangle
determination. The flow of this algorithm is roughly depicted in Fig. 2 and 3.

[Vehicleimage}—' Edge detection Vertical projection - License plate

.

Horizontal projection

— Candidate rectangle

|

Hierarchical approach |

Figure 2. The Block Diagram of the Proposed Algorithm

2.1. Edge Detection

Edge detection is one of the key technologies in license plate extraction. The left and right
sides in the license plate are generally vertical straight lines, respectively. The vertical straight
line of the license plate is one of the key points for detecting the plate. This is why there are
few vertical edges in car image, except for left and right side edges of license plate.
Therefore, the vertical edges in car image can be important cues of evidence for detecting the
license plate. In this step, vertical edges are detected for vertical projections in each level,
first.
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2.2. Hierarchical Approach

The hierarchical approach of the proposed algorithm is as follows. This aims to accurately
detect the various sizes of vehicle license plates which are included in an input image. The
following Figure represents flows for the hierarchical approach.
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Figure 3. The Hierarchical Approach

® Top-Level Search

The top-level search is to detect the license plate for entire image as target region. This
level is suitable for the detection of a relatively large license plate in a vehicle image. If the
detection is failed in the level, the next level is performed.
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Figure 4. Top-level Search

® Second-Level Search

In the second-level search, the vehicle image is divided into three overlapped rectangular
areas based on four areas as Figure 2. The overlapped partitioning is to prevent the plate
straddling the boundary of two areas. In this level, several parameters to need extract license
plate are readjusted so that it extracts the plate more efficiently.
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Figure 5. Second-level Search

® Third-Level Search

In the third, last-level search, the vehicle image is divided into seven overlapped
rectangular areas based on eight partitions as Figure 3.
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Figure. 6 Third-level Search

3. Simulation Results

Several experiments have been conducted on various images with different capture
environments. Among the vehicle license plates of Korea, types of two, namely ‘Type-A’ and
‘“Type-B’ were examined for evaluating the performance of our algorithm. Type-A is the old
plate, Type-B is new. The width-height ratios of both have 2:1. Figure 7 and 8 show
processes for license plates of ‘“Type-A’ and ‘Type-B’, respectively.
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Figure 7. The Simulation Results for ‘Type-A’
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Figure 8. The Simulation Results for ‘Type-B’
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For confirming performance of the proposed algorithm, simulations were done for 108
license plate images. The results are listed in the Table 1.

Table 1. The Percentage of each Level

Level Type-A, B
Top-Level 30%
Second-Level 51%
Third-Level 16%
Total(Success) 97%

Simulation results show that the proposed algorithm can detect accurately different sizes of
license plates on average about 97%. This results show that our approach can solve the plate
detection failure problems caused by a small size plate in vehicle image using the hierarchical
approach and overlapped partitioning technique.

4. Conclusions

We proposed a new algorithm to detect the various sizes of vehicle license plates
accurately. The main idea is hierarchical approach and overlapped partitioning technique.
Based on this approach, the plate detection failure problems caused by a small size plate in
vehicle image can be solved efficiently.
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