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Abstract—In traditional recognition system of license plate, the
problem is the low recognition rate caused by inaccurate
segmentation. This paper proposes a novel adaptive edge
detection segmentation algorithm based on first-order
differential operator to solve this problem, it can detect the
edge of object in vehicle images from complex
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1. INTRODUCTION

The recognition system of plate uses advanced image
processing and pattern recognition technology to gain the
corresponding license plate images from the whole vehicle
images, and recognize license automatically. The two main
blocks in the recognition system: the segmentation of plate
and character ; the recognition systemof plate. The processes
of system is shown in Figure.l. If we must achieve real-time
recognition on the online traffic, we should provide
comprehensive information to the recognition system of
license plate [1].

Recently, there were many methods proposesed on edge
detection in license plate, such as edge detection based on
LMC, Laplace operator, Prewitt operator and Sobel operator,
etc[2]. Yet, one of the most fundamental roadblocks has not
been overcome. In particular, these methods cannot segment
the license plate from the image. As a result, most methods
fail to perform well in accurate recogintion.

In this paper, we propose a novel adaptive edge detection
algorithm based on first-order differential operator to detect
the vehicle images from complex background effectively.

This paper is structured as follows. In Section 2,first we
briefly describe the process of image preprocessing and the
classic methods in edge detection. Then, a novel algorithm of
edge detection is proposed in Section 3. In Section 4, we
provide some experimental results in some vehicle images,
and we conclude this paper in Section 5.
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Figure 1. The process of license plate recognition

II.  EDGE DETECTION IN LICENSE PLATE RECOGNITION

A. Image preprocessing

The key point of license plate recognition is to locate the
plate in image. The vehicle image is low-quality result
affected by angle, lighting, weather and other factors. In this
process, we must preprocess image to capture the main
information of plate. Usually the vehicle image
preprocessing includs five steps: grayscale image; image
smoothing; image sharpening; binarization and edge
detection of license plate. The preprocessing of vehicle
image can reduce the complexity of the original image
information, locate the license plate simply and fastly, make
details clearly. The preprocessing flow chart is shown in
Figure.2. In this paper, we mainly research the edge
detection on license plate recognition[3-4].
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Figure 2. The preprocessing flow chart of vehicle image

B. Edge Detection

In the recognition, edge detection is vital to image
preprocessing. Edge is an important feature in image, we can
get some useful informations form it. It, it refers to some
pixels with gray value suddenly changed and is composed of
a number of straight or curved lines in image. The vchicle
image accquismed from various environments, so it may
contain diverse informations, such as passer, animal, grass,
tree and so on. Although the background of image is
complex, the inherent edge character in license plate is
obvious. The appearance of plate is a rectangular, the height-
width ratio of it is a fixed value, and characters arranged
horizontally in the rectangular. The size of license plate in
china is 440cm x 140cm (length x width), and the height-
width ratio is about 3:1. There are 7 characters in the license
plate, each character is 90cm X 45cm, the spacing of edge
and character is 10cm, the spacing of each character is
12cm[5]. Some gray values changed in the license plate and
backguound, characters and plate, these rich characteristices
of edge represent a lot of high-frequency componentes in the
vechile image. Rich edge informations can be used to get the
area of license plate from complex image with two steps: one
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is edge detection for images; the other is segmentation for
the plate with inherent edge informations[6].

There are many algorithms on edge detection, such as
classical operator, the best operator, multi-scale method and
adaptive filtering method. Normally, each method is suitable
for different case. We take a brief introduction in traditional
Sobel and Prewitt operator in 2-2-1 and 2-2-2. These classic
operators have strong ability of denoising, but the cost of
calculation is lage[7].So if you use these operator to process
the vehicle images with complex background, they will
result in a number of false edges. To solve this problem, we
propose a novel adaptive edge detection algorithm based on
first-order difference operator to detect the gray edge in
vehicle image.

1) Sobel operator

The flow chart of Sobel operator is shown in Figure.3.
The mathemetic description in Equation 2-1, 2-2 and 2-3.
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Figure 3. Flow chart of Sobel operator
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Where f(x, y) is a pixel in the image, G(x, y) is a
weighted average of f(x, y), Gx and Gy is the differentiation
of the G(x, y). We solve the gradient of x and y direction
respectively to gain the G[f(X, y)].

There are two templates of Sobel operator are shown in
Figure.4. The template in the left represents edge of image in
the horizontal direction, and in the right represents edge of
image in the vertical direction.
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Figure 4. The template of Sobel operator

2) Canny operator
Canny operator is used widely in edge detection, it can
get good performance in the edge estimation. For the step-
like edge, Canny operator is very similar to Gaussian
function, so we start this point from Gaussian function.
X +y°

1 2
G(x,y)= e 20
275°

(@)
Calcalute the first derivative of G(x,y) respect on the the
direction n:

G
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in the type
e cosd VG:(B_G’B_G]

sin @ ox dy (6)
Then processes the point to f(x,y)*G(x,y), makes the

corresponding direction of convoluted maximum is the
direction of orthogonal gradient of the edge-trend, namely.

9G(x.y) . ey asin 00 o
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This may extract directional derivative of O *f(x) ,and

its the maximum change of directional derivative is shown in
Equation 2-8.

pe YO, * ()

VG, f(x.y)] (8)

It can extract the output on this direction of n
simultaneously:
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From the above Equation 2-9, we can see that it actually
obtains two important informations with ¥ (%2)* /(%)
These two informations are the edge intensity and the

vetrical direction of edge. From this judgment, the indeed
edge is infered by the greatest intensity value on threshold .

III.  OUR PROPOSED ALGORITHM

In view of the problems of above operators, a novel
edge detection algorithm based on first-order differential
operator is proposed in this paper. In this algorithm, the gray
image is binaryed by window with the size of [-1,0,1].
[1,0,-1],etc. Of course we must set the threshold as T during
this processing, the value of T varous with the light, shade
and different background in the image. In our algorithm, we
set T adaptive in different images[8-9].

)= {L | fe—Ly)—fG+LYRT
O [fa=Ly)—fe+LyKT (10)

And the value of T is calculated by iteratives in the
following steps[10].

Input: the maximum grayscale value in the original
. Z . o 7o
image as “™* | the minimum value is “min ;

Stepl. have the initial value of threshold is
Ty = (Zmax *+ Z in )/2

Step2.Uses the initial value of threshold to divide the
original gradation into two areas, one is the target as Z ,the

other is background as %5 .
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? 2, jy<r, NG J)
L s>, S @ DXNG, )
i s ys1, NG J)

and
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Step3. we can obtain a new threshold value like
T=(20+25)2 from the new gradation

Step4. Compare To and T ,if these two values are
equal, then have the best iterative,else go back to the step2.

Output: The final threshold value of T.
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IV. EXPERIMENTS

In this section, we deal with gray-scale image in
experiment. We show the results obtained by canny operator,
sobel operator and our proposed algorithm in edge detection.

Figure 5. edge detection used by canny operator sobel operator first-order
differential operator

Figure 6. dge detection used by canny operator sobel operator first-order
differential operator

Figure 7. dge detection used by canny operator sobel operator first-
order differential operator

Although the result of canny operator is good, this
algorithm wast too much time in computation. The result of
sobel operator is very sensitive to noise, many useful edge
informations in the original image is diaposed as noise. In
Fig.5-7, we can see that the performance of our proposed
algorithm is better than other two operator on edge detection.
It is denoising effectively and retains details of the edge in
original image.

In order to test performance of the proposed algorithm
further, we use it in the recongnition of license plate. In the
charaacter recognition in plate, the optimized projection and
the improved extraction are introduced in this process. The
result of this recognition is shown in Fig. 8 - Fig.10.

Figure 9. The sheared result of vertical projection

0261

Figure 10. The output of license plate recognition

Finally,we carried above three methods separately on 100
vehicle images to gain the experimental results of license
plate recognition in Tab.1:

TABLE L. THE LIST SHOWS RECOGNITION RATE AND WASTING TIME
Algorithm Recognition rate(%) Time(s)
First-order differential 9 5
operator
Sobel operator 78 5
Candy operator 91 3

V. CONCLUSION

This paper proposes a novel algorim of edge detection
based on the first order differential operator. It can detect the
edge of object from complex background effectively. At the
same time, an optimized projection and a improved character
recognition with 13 feature points also introduced in this
paper to solve the character recognition of license plate.
Experiments show that our proposed algorithm can achieves
state-of-art result.
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