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	I.  Introduction 
	II. License Plate Detection
	A. Rough detection
	1) Color pair detection: In order to reduce the license plate detection time, gray-scale images processing needed to remove as far as possible the background that does not contain license plate region. First the color image will be transformed to gray-scale image, then use sobel operator which is easy and quick to extract the edge. License plate has dense texture and the color between characters and background is fixed, so we detect the color pairs(blue-white pairs) on the color image according to the edge image. Because we only search color pairs in the edge position, it greatly shorten the processing time. At the same time, to highlight the texture of characters on the license plate better we connect the two color pairs if the distance between them if less than a threshold T. Fig. 2 shows the steps for color edge detection (blue background plate): 
	2) Morphological processing: In order to get connected region of the license plate candidate area, after get the binary image, We use rectangular structure element for closing operation. Because the method depends on color threshold, there will be a small noise inevitably that may affect the last results, we use morphological open operation to reduce the noise.
	a) Closing operation: We use closing operation to connect neighboring objects based on the binary color edge image. The closing of A by B is defined as the process that dilation of A by B then erosion of the result by B:
	b) Opening operation: We use opening operation to remove noises based on the closing image in the Fig. 3(a). The opening of A by B is defined as the process that erosion of A by B then dilation of the result by B:

	3) Connected component analysis(CCA): After applying morphology operation, the following steps that based on connected component analysis will get the candidate regions. With the important information from the CCA, some features of the region, such as the aspect ratio(R), the area(A), the width W, the height H and the density(D) of region are applied:

	B. Accurate detection
	1) Calculation inclined angle: Because the influence of vertical direction tilt is small, we only carry on the research of horizontal tilt correction. The main research contains the following methods: (1) Hough transformation method: We find the longest line or bounding rectangle by Hough transform in the candidate region to get the tilt angle. (2) Rotating projection [7]: Through rotating license plate image, the binary image projection to the longitudinal axis, then find out the peak width W of each rotation projection and compare W in different rotation angle to get the tilt angle. (3) Principal component analysis (PCA) [8]: We will carry out the principal component direction which is tilt angle by analysis principal component of edge image. (4) Formula derivation [9]: This method is based on the principle of that the variance of edge point projection image is smallest when the license plate is not tilted. Then we will get the tilt angle through the closed expression that is derived according to minimum variance projection. 
	2) Accurate detection: In accurate detection stage, a method based on Histogram of oriented gradient (HOG) feature and SVM classifier is presented. Figure 5 shows the detail detection process.
	a) HOG feature: Histogram of oriented gradient (HOG) is a feature descriptor by computational and statistical  local area gradient direction histogram. According to HOG feature, the image is divided into many small connected regions, and each connected area as a cell, then statistics the histogram of oriented gradient by each pixel in cells. Finally, the results form a feature descriptor. HOG feature has been widely applied in word recognition [10], traffic sign recognition [11]. License plate accurate location depends on its characteristic that contains the text, so we use HOG features to locate license plate. 
	b) Support Vector Machine (SVM) classifier and detection: SVM is first put forward by Cortes and Vapink and it is based on Statistical Learning Theory. It is a method that concludes the algorithm of finding priority hyper plane to a convex programming problem. The final decision function of SVM is only determined by a few support vectors, so we just need train key samples and eliminate redundant samples. Based on these, SVM is a simple and robustness method. In this paper, we use HOG feature and Liner SVM classifier to detect the license plate. 
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