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A Steepest-Descent Image Restoration
with a Regularization Parameter

Sung Yong Hong*, Tae Hong Lee* Regular Members

Abstract

We proposed the iterative image restoration method based on the method of steepest-descent
with a regularization constraint for restoring the noisy motion-blurred images.

The conventional method proposed by Jan Biemond et al. had drawback to amplify the additive
noise and make ringing effects in the restored images by determining the value of regularization
parameter experimentally from the degraded image to be restored without considering local infor-
mation of the restored one.

The method we proposed had a merit to suppress the noise amplification and restoration error by
using the regularization parameter which estimate the value of it adaptively from each pixels of
the image being restored in order to reduce the noise amplification and ringing effects efficiently.

Also we proposed the termination rule to stop the iteration automatically when restored results
approach into or diverse from the original solution in satisfaction.

Through the experiments, proposed method showed better result not only in a MSE of 196 and
453 but also in the suppression of the noise amplification in the flat region compared with those
proposed by Jan Biemond et al. of which MSE of 216 and 467 respectively when we used “Lean”
and “Jaguar” images as original images.
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(a) Noisy blurred image having BSNR - 20dB

HH (b) Restored image by the conventional method
of Steepest-Descent at 25 times iteration.

(c) Restored image by regularized iterative
method based on the method of Steepest De
scent at 7 times iteration
(proposed by Jan Biemond et al.)

(d) Restored image by proposed method at 9

times iteration.
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(c) Restored image by regularized iterative
method based on the method of Steepest-De-

scent at 7 times iteration
(proposed by Jan Biemond et al.)
(d) Restored image by proposed method at 9

times iteration,

87 i A

Fig 7. Restoration results applying the termination rule
for “Jaguar” image.

, (@) Noisy blurred image having BSNR = 20dB

; (b) Restored image by the conventional method

©d of Steepest-Descent at 4 times iteration.

(c) Restored image by regularized iterative
method based on the method of Steepest-De-
scent at 7 times iteration,

(proposed by Jan Biemond et al.)

(d) Restored image by proposed method at 9

times iteration,
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Fig 8. Comparison with error images of the restoration
results applying the termination rule for the orig
inal “Lena” image.

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

(b) Error image of the restored one by the con
ventional method of Steepest-Descent at 25
times iteration,

(c) Error image of the restored one by regula
rized iterative method based on the method
of Steepest-Descent at 7 times iteration.
(proposed by Jan Biemond et al.)

(d) Error image of therestored image by pro
posed method at 9 times iteration,
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Fig 9. Comparison with error images of the restiration
results applying the termination rule for the orig

e inal “Jaguar” image.

F °' {a) Error image of the noisy blurred one having

<l BSNR = 20dB.

th)Error image of the restored one by the con
ventional method of Steepest-Descent at 25
times 1teration,

(c) Error image of the restored one by regula
rnzed iterative method based on the method
of Sl.ccpcst Descent at 7 times iteration,
(proposed by Jan Biermmond et al.)

(d) Error mmage of therestored image by pro-

posed method at g times iteration,
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Table 1. Comparison of the Mean Square Error when
we applied termination rule in each methods

for the original “Jaguar” image.

Restored image ‘ Mean Square Error
Degraded image ‘ 838.38
© Method1 . asaar
I\1ethordi?:ﬁmw S 46777,73737 ]
Methoég - 4 - >453. 64M~ B

#% Method | :Conventional method of steepest-de-
seent,
Method 2 : Regulanized iterative method based on
the method of steepest-descent.
(proposed by Jan Biemond et al. )}
Method 3 : Proposed regularized iterative method
based on the method of steepest.de

scent.
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Table 2. Comparison of the Mean Square Error in each

methods after 10 iterations for restoring the
image(BSNR = 20dB) the
original “Jaguar” image.

noisy-blurred for

No. of iteration | Method 1 [ Method 2 | Method 3

g(BSNR = 20dB) T 838.38
1 624.58 642.95 625.15
54820 | S6L73 | 55150
3 | soees | s2a99 | slzes
1| 4847 | o811 | 48820
5 473.51 182 QO * 1% i.’84ﬂ”
10 7 51372 461()’) 11';%);'?8 R

% Method 1 :Conventional method of steepest-de-
scent.
Method 2:Regularized iterative method based on
the method of steepest-descent,
(proposed by Jan Biemond et al.)
Method 3:Proposed regularized iterative method
based on the method of steepest-de-
scent,

HE3E87HE NERE E 9o sk

Table 3. Comparison of the Mean Square Error when
we applied termination rule in each methods
for the original “Lena” image.

Restored image Mean Square Error
Degraded image 385.23
|
Method 1 235.29
Method 2 216,05
Method 3 196.65

% Method 1 : Conventional method of steepest-descent.
Method 2 :Regularized iterative method based on
the method of steepest-descent,
(proposed by Jan Biemond et al.)
Method 3:Proposed regularized iterative method
based on the method of steepest-de-
scent.,

Mb,
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Table 4. Comparison of the Mean Square Error in each
methods after 10 iterations for restoring the
noisy-blurred image(BSNR =20dB) for the
original “Lena” image.

No. of iteration | Method 1 ‘ Method 2 ‘ Method 3
g(BSNR = 20dB) 385.23
1 299.19 305.11 293.02
2 261.87 266.67 260.47
3 243.16 248.72 241.82
4 235.29 236.86 229.42
5 227.66 229.32 219.15
10 254.77 217.53 195.12

3% Method 1 : Conventional method of steepest-descent.
Method 2 :Regularized iterative method based on
the method of steepest-descent,
(proposed by Jan Biemond et al.)
Method 3 :Proposed regularized iterative method
based on the method of steepest-de-
scent,
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188.579
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Number of iteration

+48.580
0

310, sk wlell al gk Hat AbE ape] Bl
Fig 10. Comparison of the Mean Square Error in each
methods for noisy blurred image when we
used “Jaguar” image as a original one,
A :method of Steepest-Descent
B : regulanized iterative method based on the
method of Steepest-Descent proposed by
Jan Biemond et al.
& : proposed method
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Fig 11. Comparison of the Mean Square Error in each

SRINE

methods for noisy blurred image when we used
“Lena” image as a original one.
A :method of Steepest-Descent
M :regularized iterative method based on the
method of Steepest-Descent proposed by
Jan Biemond et al.
@ : proposed method
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