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Abstract. In order to improve image quality in image processing, image enhancement method plays
a very important role. This paper makes an exhaustive study of some enhancement methods such as
contrast enhancement, image smoothing and image sharpening. And these methods are applied to
License plate recognition. Various basic image enhancement techniques of License Plate
Recognition are discussed and simulated with MATLAB. Through a lot of experiments, an
improved image enhancement method is proposed by combining histogram equalization and
median filtering. Comparing various image enhancement methods, the improved method can
efficiently avoid interfere and enhance the contrast of image and obtain satisfying effects.

Introduction

With the progress of economy, science and technology, motor vehicles are becoming more
popular. License plate recognition is particularly important for road information acquisition vehicle
and vehicle management, etc. And license plate recognition is an important application and the core
technology of computer vision and pattern recognition in the intelligent traffic field. License plate
recognition system has been widely used. But under the influence of environmental factors such as
bad weather, vehicle image will become blurred, due to the rain, snow, fog and noise. License plate
recognition rate is serious decline. In order to improve the license plate recognition rate under the
bad weather, image enhancement is to use a specific algorithm.

Image enhancement is located in the stage of image preprocessing. It plays an important role in
the sense of low-grade process. The final enhancement results directly determine success or failure
of the subsequent image processing in the sense of high-grade process. The aim of image
enhancement is to process an image so that the result will be more suitable than the original image
for a specific application. A method which is quite useful for enhancing an image may not
necessarily be the best approach for enhancing another image. What is a good image? For human
visual, the visual evaluation of image quality is a highly subjective process, and it is hard to
standardize the definition of a good image; for machine perception, the evaluation task is easier, and
a good image is one which gives the best machine recognition results. A certain amount of trial and
error usually is required before a particular image enhancement approach is selected.

Image enhancement methods fall into two broad categories: spatial domain methods and
frequency domain methods. Spatial domain methods are based on direct manipulation of pixel in an
image, including of point operations and local operations. Frequency domain methods are based on
modifying the Fourier transform of an image, including of DFT, Filter and IDFT. There are some
enhancement techniques based on various combinations of methods from two categories.

This paper is organized as follows: section Il presents various image enhancement methods.
Section Il gives simulation by MATLAB in License plate recognition, and section V presents
subjective and objective evaluation image enhancement effects.

Image Enhancement Methods
According different effects of image enhancement, image enhancement method is divided into
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three classifications: contrast enhancement, image smoothing and image sharpening. Contrast
enhancement methods mainly include: linear transform, non- linear transform, histogram
equalization, histogram matching and local enhancement. Image smoothing methods mainly include:
averaging mask, order-statistics filter and low pass filter. Image sharpening methods mainly include:
derivatives and high pass filter. Each image enhancement method has its own advantages and
disadvantages. Using different enhancement method, the image enhancement effects are different,
so the applicable occasions are also different. This section introduces the principle of different
image enhancement methods.
Contrast Enhancement:

The contrast enhancement can be limited in order to avoid amplifying the noise, which might be
present in the image. The classification of contrast enhancement has direct gray level
transformations, histogram processing and operations among images. The contrast enhancement

operation is expressed by Eq.1, where fx ¥) s the input image, 9(% ¥) s the processed image,
and T is an operator on f defined over some neighborhood of (x y).

g(x y)=T[f(x, y)] (1)
If the neighborhood is of size 1x1, g depends on the value of f at (x, y), T becomes:
S= T(r) (2)

Where" = f(¢ ¥) =90 ¥) then both s and r are levels.

Histogram equalizationis a method inimage processing of contrast adjustment using
the image's histogram. This method usually increases the global contrast of many images, especially
when the usable data of the image is represented by close contrast values. Through this adjustment,
the intensities can be better distributed on the histogram. The method is useful in images with
backgrounds and foregrounds that are both bright or both dark. A key advantage of the method is
that it is a fairly straightforward technique and an invertible operator. The transformation function is

Eq.1. Wherek=01...L-1 IO(ri)is the probability of occurrence of gray level in an image. Thus, an

output image is obtained by mapping each pixel with level ' in the input image into a
corresponding pixel with level S in the output image.
k k n.
s =T(r)=2, p(n—)=2—’
j=0 j=0 N A3)

Image Smoothing:

The aim of image smoothing is to diminish the effects of noise, spurious pixel values, missing
pixel values etc. There are many different techniques for image smoothing; we will consider
neighborhood averaging and edge-preserving smoothing. The median filter is a nonlinear digital
filtering technique, often used to remove noise. For an even number of entries, there is more than

one possible median, see median for more details. Where W = Wi )Wy =1 or 0) is expressed as a

iter wi iter i - free vix vk}
filter window, the center value of the filter window (m, n) is (0, 0), and is
expressed as the image gray value of each point. After 2D median filter, the output image is
obtained by Eq.4.

g(x, y)=Med{f(x, y)}=Med{f(x+m, y+nW, =1 (xy)!*| (4)

Image Sharpening:

The main aim in image sharpening is to highlight fine detail in the image, or to enhance detail
that has been blurred. With image sharpening, we want to enhance the high-frequency components;
this implies a spatial filter shape that has a high positive component at the centre. The Roberts
cross operator is used in image processing and computer vision for edge detection. The kernels can
be applied separately to the input image, to produce separate measurements of the gradient
component in each orientation (call these Gx and Gy). The gradient magnitude is given by Eq. 5. In
order to calculate faster, an approximate magnitude is computed by Eq. 6. The angle of orientation
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of the edge giving rise to the spatial gradient (relative to the pixel grid orientation) is given by
Eq. 7.

G| = /G2 +G?

(5)
6|=[6,|+|6,| ©)
0= arctan(G% j— 3%

" (7)

Experimental Results

The original image is shown in Fig. 1, which is a picture of the license plate. Histogram
equalization, median filter and Robert algorithm have been simulated on MATLAB. The effects of
three image enhancement methods are shown in Fig. 2, Fig. 3 and Fig. 4. In order to improve clear
of the image, histogram equalization is carried based on median filter. The enhanced image is
obtained in Fig. 5, which has become clearer and more recognition of license plate.

Fig.5. Enhanced image by histogram equalization based on median filter

Conclusion

In the paper, image enhancement based on histogram equalization, median filter, Robert cross
operator and improved method by combining histogram equalization and median filtering, are
deeply and systematically studied and compared. Image histogram equalization improves the
contrast of the image. Two-dimensional image median filtering reduces high frequency. Image
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sharpening enhances the high frequency component of the image. To sum up, the different image
enhancement methods are not the same as to the effect of image enhancement. As shown in the
figures, the effect of this pair of license plate image histogram equalization based on median filter is
better.
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