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ABSTRACT

Motion image blur is very common in the blurred images, and rotating motion image blur is one kind of special and
general fuzzy form. Based on the principles of linear motion image blur restoration, to change therotary motion image
into linear motion image blur , this paper propose a regularization recovery mode which is equipped with a norm
11-12, and with the hel p of alter native separabl e function algorithmto solve the model. Asa result of the regularization
method of norm11-12to the noise and ringing has a good inhibitory effect isthat the recovery effect is very good.
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INTRODUCTION

Image restoration is important in image processiing specified degradation model can rejuvenateadiegl images.
Rotary motion image blurred image is working in thigh speed rotating platform. To some extent, ehisr
considerable relative rotation angle between In@gystem in a short exposure time and the tardethwesults in a
blurring of the acquired picture.

Rotating motion image blur is variable space, @rthier from the image center of rotation, the ldgezy parameter is,
and the higher the fuzzy degree is. The early rebess have provided many effective resolutionsiatiee restoration
of rotational motion image blurred images. Sawcfi]kputs forward a method for restoration basedyeametric

coordinate transformation. Hanyu Hong [2] presehésrestoration of motion image blur under the luawies of

non-zero values, and provide when fuzzy path beybmedpixel plane based on domain knowledge to gtlige
forehead secondary recovery algorithm. Shuyue ¢BEeputs forward the restoration of rotational nootiimage

blurred images based on difference method. Fhistydtation of images should be change into limeation image
blurring, and recover the image of transformatigndifference method, then convert restoration image the

appropriate coordinate position.

First, this paper introduces the model of rotatimgfion image blur, the degradation function of tie@motion image
blur is derived, and from the angle of solving insystem of equations, common least-squaresiiidt@lgorithm is
described, to show the advantage of regularizatiethod on image restoration, then presents resinratgorithm
based on regularization strategy, to solve the moitle the help of alternative separable functidgoaithm.

The model of rotational motion image blurred images
Generally, the model of motion image blur is

906 y) = [} F(x=%,(0), y = Yo(t))et ®

T is exposure timef (X, y) is the original imaged (X, Y) is blurry imageX, (t), Y, (t) is fuzzy path.
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Though the pixel point is the line integral andeumposed along the fuzzy trajectory, in the preadghe rotational
motion image blur, the fuzzy path is a series afoemtric circles, and the model of rotational motimage blurred
images is

W=[ fx- y-r si
a(x,y) IO (X=rcos@t ),y—r sintt Mit @

We noted tha* is angular velocity[ is the distances from the rotation center to tkelgioint. We write the equation
in a form that corresponds with the polar geometry

1,7
g(l,r):?J.o f(r,l -s)ds

3)
Satisfyingl =raT,Ss=rat
By one-dimensional equation:
6. 0)==]"1,0-5ds
a' 0
4)

In order to carry on the type of discretization, wee Discrete coordinates i to presién
. 1 . . .
g,(l)=;[fr(l)+fr(l “D+L +f (i-a +1)] (5)

We note thata, is blur extent,n(X) is point spread function, we write it by the forfrdiscrete convolution:

0.()= 3" £,(mAG-m) = £,()Ch ()

(6)
Which is expressed in the matrix form, then geggiar matrix:
h(0) h(N-1) - h(2) h@@)
h(@) h(0) h(3) h(2)
: : : : : @
H =
h(N - 2) h@) h(0) h(N.—l)
h(N -1) h(2) h@) h(0)

Image restoration algorithm
Image restoration is a typical "pathological” peabl Pathological inverse problem can be directlyezbby the least
square algorithm, more classic method is leastrsgquethod®, Its central idea is estimated data by minimizimg

. . ; . 2
error between actual data and the square to straptimal solution of the problenf, = arg mfln”Hf - g” .But

the result is instability through this method, hiete is a little disturbance abd@it the result will be having great
fluctuations. About this problem, the regularizatimethod can effectively suppress the high frequerscillation
phenomena, so this paper uselthe |, norm regularization model to solve image restoratio

F=argrminl 2 1~ "+ Al ®
In this modell, = /1||X”1represents the constraints, = %”Hf - g||§ represents the fidelity term.

There are many methods to solve the mixed norm lhademon methods include the original dual intepoint
method and iterative-shrinkage algorithm .This céeti uses separable alternative methoavhich one of
iterative-shrinkage algorithm.
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Based on the approximate point algorithm of thénoightion method ,the basic idea of the separalibrrative
method is upper boundary function of objective fiorc f (X) in the optimization problem. The separable altévea

method referred to as “SSF algorithm”, The mett®otbiuse separability dfl to get the analytic solution directly
when minimizing the boundary function.

Q' :minimize f(x):%||Ax—b||§+/1||x||l

1 2
909 = Ax-H], ©
Using Taylor formula irX = X, aboutg(X) , it can be expressed as

9(x) = 9(%,) +0G(X,)" (X=X5) +(X=X)" ATA(X=X,) (10)
with cl to replace the type @' A, | is a unit matrixc as the constant , argi=> HAT A”z To define a new function

609 = g(%) +0g0x)" (x=x) +cfx=xJ; (1)
Obviously, 0 < g(x) < §(X), so the objective function has the same properties
f(x)=g(x)+A|x|, < f(x) =) +A|x|, (12)

Therefore, fA(X) can be regarded as upper boundary function afifective functionf (X) .

First of all , to solve the optimal solution df(X) , further

£ (%) = 9(%) +0(%,)" (X=X,) +cx = %[> + AN,

, (13)
= const + 4[], +cx -,
_ 1

Among the expressioN = X, —EDg(XO)
By separating elements of vector in the functfdr)() and accumulate them, so the expression as

. N

f (%) = const + Y YA ] + o j1-V D)2} (a9)

j=1

Among the expressionq j] and\f j] respect first] elements of vectok andV ,and | =212,---,N .If we

knowX, ,we can ge¥,so we can get the minimum solutionfofX) , Suppose this solution xS

. A
0 M ] SE
x[]= (15)

v[j]—%*sagr(v[j]) others

In this expressiorsign(®) as a symbol function, ¥ = 0, sign(x) =1,and ifx < 0, sign(x) = -1
In order to express simplely ,the expression caasbe

1
X =5, V)=S,, (E A’ (b= Ax,) +X,) (16)

Sis a contraction function and / Cis a contraction threshold.
The process of SSF algorithm as follow

The initial valuex, , the initial residual valug, = b — AX,, constantc = 1.01* ||A'P4|2

The iteration: the first k iteration, do the netds
Calculate:e = A'r,
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Calculate:g, = S,,.(X,_, +€/c)

a.Linear search: Along the direction down to find trest step length

Update the solutionX, = X,_; + ((€, — X,_;)

Update the residual, =b— Ax,

Stop condition: If||xk - Xk_1||2 < somenumber , Stop the iteration ;Otherwise enter the k+1 tfera

The output: AfteK + literation convergence and solutionXgs

Rotating motion image blur is variable fuzzy spatee implement the above algorithms directly, eea't restore the
rotate blurred image, so we will convert rotatefilezy problem into linear fuzzy to recover. Assgtigat the center

of rotation a€D, The distance of radius from the center of theleiag” .According to thé raised to divide the image
into different sizes of concentric circles , by Bresenham Method, we extract all the pixels orctirecentric circles

according to the direction of rotation along thezyi path. Next we take them as row vedprd,, -+, d,, so the
rotating motion image blur can approximate lineation image blur.

Image restoration result

In the experiment, the size of the rotary motioag® blurred image as 231x231, the image centerasroof rotation,
and the angle of rotation is 30°. Recovery effacstaown in figure:

HAAW)

\v e

e

Fig. 1 Rotating motion image blur Fig. 2 Recovery clear figure

The steps of using KCN to have cluster analysisb@ashown as follows:

(1) setting arbitrarily the initial cluster center \(¥1, v2, ..., vc), as well as the convergence tioksase;

(2) calculating the Euclidean square distance of eaeH pk to each cluster centefiki=(xk-vi) T(xk-vi);

(3) according to the following formula to correcRikim, so as to get the corresponding classwihgets
minimum value.

vi,t+1=vi, t+1+aik,t(xk-vi,t)

Among them, aik,t is the learning coefficient ofwerk, usually O<aik,t<1, at the same time, it ol decreased when
the number of iteration is increased.

(4) calculating E J&Vt -V +1|2, if E <g, then the training can be finished, otherwisgyilitturn to (2).
(5) using the obtained v acquired by network cogeece, according to the principle of maximum degoée
membership to have classification for each pixel.

As it can be seen from KCN algorithm flow, it ibard clustering algorithm. In FCM algorithm, théeet of all image
pixels on each class must be considered, whil&@M, each fruitimage pixel only affects its nearass. In this way,
the benefits of KCN is to get the network converfgsser than that of FCM, but the disadvantagdésdustering
accuracy will be lower than that of FCM.
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CONCLUSION

In this paper, the image is divided into many conge circles based on the center of the circleeeof rotation .And
based on the least squares algorithm, we replacerm withl, norm, and using SSF algorithm to solve the

I1 _lz mixed norm of the linear problem. This algorithnnit sensitive to outliers, and can effectivelydiamoise

factors.
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