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Abstract

A mathematical model of motion blur is introduced. Based on block registration,
combination Wiener filter recovery method of motion blurred images is
proposed. And in the MATLAB platform, the method is simulated, which gives
experimental results and result analysis. The experiment shows that the method
can effectively restore intelligent traffic domain with comparatively high
restoration efficiency. It also has better robustness and accurate.
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1. Introduction

It is well known that during formation, transmission or recording processes, such
as atmospheric turbulence, sampling, quantization, motion blur, camera misfocus,
noise, etc, images are deteriorated. Degraded images often cause the loss of
image quality, specific performance for image blur and deformation distortion.
So the image quality seriously restrict and affect the subsequent image
understanding, as well as more advanced research of target identification and
target tracking. Image restoration technology is presented at the historic moment.
Image restoration is the operation of taking a corrupted or noisy image and
estimating the clean original image. The purpose of image restoration is to
compensate for or undo defects which degrade an image.

According to the understanding of the a priori knowledge of image
degradation, image restoration method can be divided into two categories. One
kind is that we know types of image degradation and degradation mechanism.
The degradation model can be established according to the prior knowledge. A
variety of the degradation processing methods for image restoration processing
are used, such as inverse filtering, wiener filtering and other classical filtering
methods. Another kind is that we do not know a priori knowledge of recovery.
We do not have any information about the blurring function or on the additive
noise. So many estimates and iteration methods are used to recover, such as
classical iterative blind de-convolution method. Because of the complexity of the
image restoration research, there is still no a general image restoration method. It
is very necessary to continue to carry out in-depth research of image restoration.
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The paper is organized as follows. In the next section, we propose the
restoration algorithm that we research in this paper, and degradation model and
estimating the degradation function are given. An image restoration method
based on block registration is presented. In Section 3, evaluation criterion of
recovery quality is introduced. Section 4 presents experimental results using
kinds of restoration methods. And the computational simulation is made to
illustrate the efficiency of the algorithm based on block registration. Finally, we
conclude our paper in section 5.

2. Restoration algorithm

2.1 Degradation model.

The block diagram for general degradation model is shown in Fig.1. The
degradation process is modeled as a degradation function, which together with

an additive noise term, operates on an input image f(X, y) to produce a

degraded image g(X, y). If H is a linear, position-invariant process, then the

degraded image model is given in the spatial domain by Eg.1 or in frequency
domain by Eq.2.

Degradation

f(x,y) :> function :> :> 9(x.y)

H
Noise
n(x,y)
Fig.1: A model of the image degradation
g(x,y)=h(x, y)* f(x,y)+n(xy) &
G(u,v)=H(u,v)F(u,v)+n(u,v) @)

Where 77(X, y) is the additive noise term, h(x, y) is called as Point Spread
Function (PSF).A true image f(x, y) is estimated from a degraded
image g(X, y) based on prior knowledge of PSF h(X, y) and the statistical
properties of noise 77(X, y).
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2.2 Estimating the degradation function.

A mathematical model of motion blur will be derived. An image is blurred by
uniform linear motion between the image and the sensor during image

acquisition. Image f(X, y) is in planar motion. Assuming shutter opening and

closing takes place instantaneously, and optical imaging process is perfect, not
affected by image motion. If T is the duration of the exposure, and image

g(x, y) is blurred image. The blurred image is obtained by Eq.3.
a(x,y)= [, fx—x(t)y-y, M)kt 3)

Where X, (t) and Y, (t) are the time varying components of motion in the

X —direction and Yy —direction. The Fourier transform of g(x, y) is obtained
by Eq.4. By defining H (u,v)= J.OT e 127l Olgt | equation 5 is derived.
H (u,V)can be obtained if X, (t) and y, (t) are known.

G(u,v)= F(u,v)joT g 1271tk Wiy @)

G(u,v)=H(u,v)F(u,v) )

Suppose that the image in question undergoes uniform linear motion in

the X — direction only, at a rate given by X, (t)z at/T then the degradation
function becomes Eq.6.

T . i
H(u,v)=—sin(zua)e~'™? (6)
(8.v)=—sin(a)e
If we allow the Yy —component to wary as well with the motion given by

Yo (t) =bt/T then the degradation function becomes Eq.7.
Hluv)= (ua+vb) sinfr(ua +vb)le 17 @

2.3 An image restoration method based on block registration.

Motion blur of target area is lesser and limited in intelligent video surveillance.
Using the overall offset estimation method to recover, the result is bad and large
amount of calculation. An image restoration method based on block operation is
proposed in the paper. Blurred blocks are recovered, and clear blocks are not
operated. The method can not only enhance the local information, but also not
affect the overall image quality.
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(a) Original image

(b) Blurred image

Fig.2: Block operation of the image
The determine method is: the image M x N is divided into many sub-blocks of

. m n . . . . . .
size of Tprlers. Correlation matching algorithm is carried between each

sub-block of original image and blurred image. According to the correlation
coefficient, blurred sub-block in motion blurred image is found. The Wiener
filtering is used for image restoration. The Wiener filter in Fourier domain can
be expressed as follows Eq.8.

H*(u,v)
IH(uv)* +5,(u,v)/S, (uv)
Where S (u,v):|F(u,v)|2 , Sn(u,v):|N(u,Vl2 are respectively power

H, (u,v)= (8)

spectra of the original image and the additive noise, and H (u,v) is the blurring
filter.
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3. Evaluation criteria

The term peak signal-to-noise ratio (PSNR)is an expression for the ratio
between the maximum possible value of a signal and the power of distorting
noise that affects the quality of its representation. For the following
implementation, let us assume we are dealing with a standard 2D array of data or
matrix. The dimensions of the correct image matrix and the dimensions of the
degraded image matrix must be identical. The mathematical representation of
the PSNR is expressed by EQ.9. Where the MSE (Mean Squared Error) is
calculated by Eq.10, m represents the numbers of rows of pixels of the images
and n represents the number of columns of pixels of the image.

_ MAX
PSNR = 20log,)| ——= )

JMSE
1 mind 2
MSE = %ZO:Z

f(xy)-f(xy) (10)

The Root Mean Square Error (RMSE) is a frequently used measure of the
difference between values predicted by a model and the values actually observed
from the environment that is being modeled. A smaller value calculated for
RMSE means that the image is of good quality. RMSE measure between the
original image and the restoration image is given by Eq.11. The original image is
represented as f(X, y), restoration image f(X, y). The value of RMES is

smaller, the effect of restoration image is better.

RMES = |1 {minzl:[f(x y)- f(x, y)ﬂ (11)

mxn| 5

4. Experimental results and analysis

The original image is shown in Fig.3, which is a car in the intelligent
transportation field. Regardless of the blurred image in the degradation of the
image block size and number is shown in Fig.4, the restoration algorithm based
on block registration can improve the quality of the image on the vision. For
video surveillance images in the field of intelligent transportation, interested area
such as license plate and face often is smaller, and has less amount of calculation,
thus ensuring the efficiency of the algorithm has higher recovery in shown in
Fig.5.
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Fig.5: Restoration image

Through computing values of PSNR and RMES, the effects of images
restoration are evaluated and compared in Table.l. The proposal is that the
higher the PSNR, the better degraded image has been reconstructed to match the
original image and the better the reconstructive algorithm. The smaller the
RMES value is, the better the restoration effect is. Shown as Table.1, the new
image restoration method based on block registration is good.
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Table 1: Comparing the performance of recovery

No. Performance Blurred Image Restoration Image
1 PSNR 53.5427 62.8956
2 RMSE 0.05641 0.01786

5. Conclusions

In order to improve the efficiency of image restoration, the image restoration of
motion blurred images is studied and analyzed. Firstly, a model of the image
degradation is introduced. Secondly, the degradation function is estimated.
Finally, the new method of block registration combination wiener filter is
proposed in order to make up for the inadequacy of wiener filter method. By
MATLAB simulation, restoration images and performance of recovery are
gained. Through the analysis of results, the presented method in this paper is
better and accurate.
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