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Regularized Iterative Image Restoration by using method of
Conjugate Gradient with Constraint
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ABSTRACT

This paper proposed a regularized iterative image restoration by using method of conjugate gradient. Compared
with conventional iterative methods, method of conjugate gradient has a merit to converge toward a solution as a
super-linear convergence speed. But because of those properties, there are several artifacts like ringing effects and
the partial magnification of the noise in the course of restoring the images that are degraded by a defocusing blur
and additive noise. So, we proposed the regularized method of conjugate gradient applying constraints. By applying
the projection constraint and regularization parameter into that method, it is possible to suppress the magnification
of the additive noise. As a experimental results, we showed the superior convergence ratio of the proposed method

compared with conventional iterative regularized methods.
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Fig. 1. Original and degraded images.
(a) Original “cameraman” image.
(b) Noisy blurred image of (a) (20dB BSNR).
(¢) Original “lena” image.
(d) Noisy blurred image of (¢)(20dB BSNR).
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Table 1. The comparison of the SNR Improvement be-

tween proposed method and the other conven-

tional methods at the restoring of the 20dB BSNR

degraded image of the original “cameraman”.

No. of |proposed | regularized | regularized | regularized
iteration| method CGM - SDM M
1 0.44291 0.44548 0.44680 0.27780

2 066380 | 067522 0.68480 0.47139
3 082239 | 0.83793 0.82486 0.59771
4 092959 | 094650 | 0.92937 0.69357
5 101732 | 1.03315 1.00936 0.77077
10 126892 | 1.22416 1.18398 1.01450
20 145508 | 1.30676 1.19639 1.22330
30 151554 | 1.32439 122101 1.31063
40 154053 | 1.32820 1.23269 1.34954
50 1.55025 | 1.33106 1.23509 1.36458

% Proposed method : proposed regularized method of con-
jugate gradient with nonlinear projection operator.
Regularized CGM :conventional regularized method of
conjugate gradient proposed.

Regularized SDM :conventional regularized method of
steepest descent.

Regularized JM :conventional regularized iterative image

restoration method.

I 2.20dB BSNR #l¢=% “lena” F4reol] 3 71 29wy
o] & o) Fg vle ARl vl
Table 2. The comparison of the SNR Improvement be-
tween proposed method and the other conven-
tional methods at the restoring of the 20dB BSNR
degraded image of the original “lena”.

i No. of Pm])oscg RegulariZ(:F[chulnrizcd‘R(\gularizccﬂ
iteration | method CGM | SDM B
1 0.34373 0.35301 0.35408 . 0.166
2 0.57859 059391 | 061315
3 0.72111 0.73775 074370 |
41080552 0.81902 084132
) 0.86883 0.88028 0.90697
0 106533 { 102822 | 103372
20 [1205% | 107208
30 1.24180|  1.06728

40 &726101 1.06367 |
50 [1.25047 | 1063714 | 1.0%

T LOB8T58
G LOT0I7S |

*Proposed method : proposed regularized method of con-
jugate gradient with nonlincar projection operator

Regularized CGM :conventional regularized method of
conjugale gradient.

Regularized SDM :conventional regularized method of
steepest descent.

Regularized JM:conventional regularized iterative image

restoration method.

Proposed
Regularizud COM
Regularized SDM
Regularized JM

dame

v 0 :") l‘[) Il'3 ElU 2‘:') Bl() 1{5 4I() 4‘5 } 6)0
No. of iterations

2l 3. 20dB BSNR #&=¢ “cameraman”™ gAo A9 7
gl ubol ohg Wk S14el AE o g e
AN AR 2] ML

Fig. 3. Comparison of the iteration number and the SNR
improvement in each iterative restoration method at
the restoration of the 20dB BSNR degraded image
of the "cameraman”.
Where, Proposed : proposed method.
Regularized CGM :Regularized conjugate gradient
method.
Regularized SDM :Regularized steepest descent
method.
Regularized JM : Regularized Jacobi method.

» Propoesed
5 a1 Regularized COM
030 i Regularized SDM
¢ fegularized M
015
. : . . T N

W25 30 3% 10 45 5D
No.of iterations

5 9 i
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18 4. 20dB BSNR 3051 “lena™ ) Abol Aol b Mg1
el ulel wbil gliel ale v g8 mle] Al
o] u ..

Fig. 4. Comparison of the iteratton number and the SNR
Improvements in cach iterative restoration method
at the restoration of the 200B BSNR degrinded im-
age of the original “lena”.
Where, Proposed : proposed method
Regularized CGM T Regularized conjugate gradient
method.
Regularized  SDM : Regularized  steepest  descent
method.

Regulanized IM D Regularized Jacobt method.
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Fig. 5. Restoration results for the “cameraman” image. s AR
thd L N
(a) Noisy-blurred image having 20dB BSNR P Nl
X
(b) Restored image by conventional regularized iter- ;1'93:,.
e

5]

ative image restoration method at ¥=0.01 and
=1.
(c)Restored image by conventional regularized

s u,*‘..‘,,:v; %

I SR

method of steepest descent at ¥ =0.1.
(d)Restored image by conventional regularized

method of conjugate gradient at ¥ =0.1.
(¢) Restored image by proposed regularized method
of conjugate gradient with constraint.
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(b)

T8 6. 34=%] “cameraman” Q-/Fo) thk 7} M-l wpwl o)
@A} d2de] njaL.
Fig. 6. Error images of the restoration results for the “cam-
eraman” image.

(a) Error image of the noisy-blurred image having
20dB BSNR.

(b)Error image of the restored image by conven-
tional regularized iterative image restoration
method at ¥ =0.01 and f=1.

(¢) Error image of the restored image by conven-
tional regularized method of steepest descent at ¥
=0.1.

(d) Error image of the restored image by conven-
tional regularized method of conjugate gradient
at ¥ =0.1.

(e) Error image of the restored image by proposed

regulanzed method of conjugate gradient with

constrainl.

(a) ()
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(e) (b
22 7. A4 E “lena” @ Abol T 7H M8l W o) BQ 7
She] vl
Fig. 7. Restoration results for the "lena”™ image.
(a) Noisy-blurred image having 20dB BSNR.
{b) Restored image by conventional regularized iter-
alive image restoration method at ¥ = 0.01 and 8
=1.
(c) Restored image by conventional regularized
method of steepest descent at ¥ =0.1
(d)Restored image by conventional regularized
method of conjugate gradient at ¥ = 0.1.
(¢) Restored image by proposed regularized method

of conjugate gradient with constraint.
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% 8. #E% “lena” GAtol] o gk zp Ml el 9aF
Abol M i,

Fig. 8. Error images of the restoration results for the “lena”
image.

(a) Error image of the noisy-blurred image having 20
dB BSNR.

(b) Error image of the restored image by conven-
tional regularized iterative image resloration
method at ¥ =0.01 and f=1.

(c) Error image of the restored image by conven-
tional regularized method of steepest descent at ¥
=0.1.

(d)Error image of the restored image by conven-
tional regularized method of conjugate gradient
at ¥ =0.1.

(e) Error image of the restored image by proposed
regularized method of conjugate gradient with

constraint.
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