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An effective restoration using adaptive acceleration parameter for
the images degraded by mixed noise
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ABSTRACT

Conventional restoration methods used to restore the images degraded by some noisc have only been researched to remove
white Gaussian noise or impulsive noise in the degraded images. These methods are effective in filtering the images which have
been corrupted by Gaussian noise with about the SNRs of 20dB, but not effective for the images degraded by one type of noise,
such as white Gaussian plus impulsive noise and Gaussian noise less than that of 10dB. This paper proposed an effective iterative
restoration method for the images degraded by mixed noise of white Gaussian noise and impulsive noise, using adaptive accelera-
tion parameter. That parameter, estimated adaptively according to the local properties of the image being restored, improved the
visual figures of the restored images. Through the simulation results, the author showed that proposed algorithm produced superior

performance results for the standard images with various variance values, compared with results by conventional methods.
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Fig. 1. Image degradation model
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oAR7H YRS Augtes geld, {glihe A
geoz Ae® B3 J4sLss APE e
g S84 RW2 EWHY,

gl ) = fL)+nj) (1)

A71A fje 4z g3 4 AAdsrifg W
Foj,

dbHo g &L Az Y, AR, A% 715H
A& Bt Hrkx Yeisk dHdE FEHEY. € 44
Azdl ok FEFE mAA "o ol FEd Fde
FE 4% dA S, RS E L¥ste WY by
FEo dUsd FSFor FEE 4 3oy, 48 &
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2 HEY & gew, ok Hael #RINE vehy
o, YU E Yoo B2 YL oA €@

(a) it = 0. ¥4 = 100 (b) Bt = 0. &3 = 1000
Fig. 2. Probability density function of white Gaussian
(a) mean = 0, variance = 100 (b} mean - 0, variance = 1000
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gij) = (1 - eli ML N+eli pnlij) (5)

o Zg®,

A7 eM gli e 9824 F3d d#A fgd<d A
Folv, flije ¥ IPNE, nliHE SYF Y3
o2M B efdMe Laplacian®2Z & 7t 3
(i e ¥ FPNE fG o B nli 7 7H4E &
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(a)

(b)

(a) | = 0, ¥4 =100 (b) BF = 0. 4 = 1000
Fig. 3. Probability density function of Laplacian
(a) mean = 0, variance = 100 (b) mean = 0, variance = 1000
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Fig. 4. Used direction windows in the Nagao method
(a) four pentagonal and four hexagonal windows
(b) one rectangular window
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dd24d FAFog A& Ao, Hegdd FAH
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Table 1. Mean and variance values of the standard

images
FETD .
HEw oF T4 Girl Jaguar
g 98.5 130.9
it 2740.5 6338.5

B 2 #<9494 97, 24 9 MSE
Table 2. Mean, variance, and MSE values of the
degraded images

Aedd Girl Jaguar
3
B 99.2 131.1
4 3202.7 6532.4
MSE 575.8 514.5

A2y ADA%e] YANE2A AHEHE MSEE o
&% 2] Felunh.

= -1
MSE = 4N

v N .
2, 2 CALHD — Aip )y @

¥

7N fL)E € 9ANE, fG)E 2U9 94
Azolol, M, N& 49 $8, 524 Hido]
o

V-1 &30 2t Y& 4o 2g

girl.ing

File nane :

File name Jaspurar . 1 my

% 6 AF 924H Y ¥E
(a) Girl 94 (b} Jaguar ¥4 (c) B4 7192 2 ¢
¥2x 3%

Fig. 5. Standard images and mixed noise
a) Girl image (b) Jaguar image (c) White
Gaussian plus impulsive noise
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9 An AL ge] FAY Ao RNFE dga Wy

(oot T

TTTE TR T R T om B B oveial

i

I T I YR T

Japein. g

a7 6. 8¢ 94 dds (a) Girl 94 (b) Jaguar 94
Fig. 6. Degraded images and profiles (a) Girl image (b) Jaguar image
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V-2. 71& S¥ YHES &3}

File name = mea g-re. | =TT

(a)

File name = wed-g-re.i

iT W el ¥ ]

(b)

File nanme naga gor. i
" R T

(c}

@ 7. 4ed BE 94e B4 29
(a) Mean 98 (b) Median ¥4 (c) Nagao "#4

Fig. 7. Restoration results of the degraded standard image by means of .
(a) Mean filter (b) Median filter (¢) Nagao method
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B R

File nanme [ . 8 et T

File vane Vo Iru‘-‘.‘r&rT“"

|
|
|
1

BTG TTA T m we o3 At

— erel ki

Yoosa e

(c)

1% 8 §1€¥ Jaguar 949 £ 33
(a) Mean ¥¥ (b) Median ¥H (c) Nagao %

Fig. 8. Restoration results of the degraded Jaguar image by means of :
(a) Mean filter (b} Median filter (c) Nagao method
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B3 Y€ 22949 MSE vz

Table 3. Comparison results of MSE in the restored

standard images

t)
VSE Yethod) y fean Median Nagao
degraded image 575.8
restored image 211.4 182.6 146.6

V-3. MietE welel Hol

File name =

naga-g-r. i

(b)

B 4 ¥94¥ Jaguar 949 MSE Hlz
Table 4. Comparison results of MSE in the restored
Jaguar images

Method .
| MSE Mean Median Nagao
idegraded image 514.5
restored image 585.5 486.5 405.2
fl'l-‘;. Ll ¥ 3

B T T~ e T ™

L7~
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Hagas e Proposed e

O8 9 549 BT 949 dds
(a) Nagao *H¥ (b) A¢te " (o) (a)9] B4 23 £X (d) (b)) E¢ 2 £X
Fig. 9. Restored standard images and profiles by means of : (a), (b)

(a) Nagao method (b) Proposed method (c) Restoration error distribution of (a)
(d) Restoration error distribution of (b)

File nane

(O Ty T SR —

(a)
File vane PrOPUS
BTTRTTTH i@ T TR TR T e i et
— a2
— Sapaes . iog.
(b)
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Praponsd e

Nagho S

23 10. 298 Jaguar 943 @UE
(a) Nagao ¥ (b) A2t ¥ (¢) (a)8) BY 23 £X (d) (D)9 B¢ o3 #¥

Fig. 10. Restored Jaguar images and profiles by means of : (a), (b)
(a) Nagao method (b) Proposed method (c) Restoration error distribution of (a)

(d) Restoration error distribution of (b)

Ao FeAH L &HY HEYo| slEe WYR £ 6 7l&9 Wz Aore s 24 2 vz
2282 & 4t gleny, Aud WYz AP (d) Table 6. Comparison results of restoration by Nagao and

AN 23 RES AU (ORG HEH AYEE the proposed method

of 271 A, =, SFolMel 228 Byl AA Fn Method| Degraded | N
Ao ext ANEE T 471 AT ol AY S image’s MSE|  e#0 vpoeed
Q AgEe 2@ 10d4ME $Usht 29 69 (b)sh (ariancezos)| 578 146.6 112.2
Zo] EEGFe FAgtol & 442YS AU e ( vgargm}n;émag%) 514.5 405.2 2.6

2 Ad¥ 4% 43y aHA ZAAE ez o

V-4. 71E &3 Uege d5 gt

(a)
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File nane

(d)

a8 1. e 94
(a) 9 "l (b) vt EH (c) Nagao ¥ (d) Al B
Fig. 11. Error images by means of :
(a) Mean filter (b) Median filter (¢) Nagao method (d) Proposed method
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a9 11 By 7hex Fey U2y Aol B
o E99 d&94e degyez BHEse A 2
AFE Ao m Jeplid (a), (b)), (¢). (d)
e 47 ®#Ex], ddetl, Nagao, AMd wyez A
2g ZAztoln], A<tE Wie] HuoMe ALAA Y
EFdolAle] BEFEHo| 24%E 4 F71 Ut} ole ®
7 M E9dE B4 MSEE vlugesA & 71 ¢
o}

EF, R 8L H4E 949 B54¢ gosr] o

E 7 29 949 MSEMa

EEDEY E4un 549 d49d 2Ngg vage
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A},

E 9. 108 d27tx B Ee M2leds 94
9 dqd2 B4, viwdn g, 1 An PFa) Ye
€ 3 Z5AAdE Solsht &FdMe FEHEANE
dosEg FZ7 o] BUFEo Holdg & F7t 3
on, doe Yele HolMel FEAA L S B
gelle ol FE9 A 4 A, YL E
Aol BEYUAE doA B9 E£¥ NagaogdA
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Table 7. Comparison results of MSE in the restored images

Restored images Method ini;;'eggg(li&gE Mean Median Nagao Proposed
Girl 575.8 211.4 182.6 146.6 112.2
Jaguar 514.5 585.5 486.5 405.2 242.6

¥ 8 849 949 343 54 24

Table 8. Analysis of the statistical characters in the restored images

P

Original irrlalfg:wr MSIS Mean Median Nagao Proposed
Girl

e85 varance 2T 5 98.7 |[2288.1] 98.1 (25986 97.9 (28634 | 97.7 | 2752.0
Jaguar

mearri30.9, variance6338.5 130.7 | 5063.4( 132.6 |5875.6 | 131.4 |6690.8 | 130.9 | 6314.5

E 9. 9449 Aol MSE ¥l&
Table 9. Comparison results of MSE in the restored images of the plane

Restored images Method Mean Median Nagao Proposed
Girl 59.5 36.1 44.4 37.2
Jaguar 120.3 95.3 106.4 74.5
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B 10. 949 &M 2] MSE Hl@
Table 10. Comparison results of MSE in the restored images of the edge
Restored images Method Mean Median Nagao Proposed
Girl 397.0 297.1 276.0 205.2
Jaguar 877.7 732.3 632.6 324.5
V-5. s34 He 2dA B g AE dellz U oy
BE B Mg £AAL A (9 E () JAGUARY’4°l GIRLEZ#e 98 ¥AuREdds

=00l HU& Aeo BTG a2 FEFoz HEd
4%, PSF(point spread function)e] o3 &
AN, FHEAAGLES BUE) AT Ee W E
ol g F£¥EE L ot oly AAH A 44
o} FF, A7, A7E &l wel 2A gy g
oftt,

¥ 11, 12%¥ 71&9 Nagaoi= #i¢re el w
E3l4d 2 MSEE uveizn slew, 19 12, 13
2 =438

HWe Azx FXF 7MAle GIRLEAE 2% 109
WL 2be A AltE Yol 71E9] Nagaoyyth <t
Ay FEAE A2 ey, JAGUARYAY A
Aigte wwe] AL AU WA wHEAM e 4
hel g A vdehln e v 71E9 Nagao'®

2

E 11 9 B9 139de MSE vl
Table 11. Comparison results of MSE in the restored
standard images for the iterative proccess

£33 e A WD o|RoR Aol G|
=y

—e— proposed
—*—— Nagao,matsuy ama

an
ERE|
-
(18]
2 ]
e e e 4 e 4 e b +
0. e
T
3
™~
- - . e @ e r—
3 LS : 1 P 13

teration

a8 12, 3119 a9
Fig. 12. Diagram for table 11

# 12 9 E591d JAGUARYZS MSE vl@
Table 12. Comparison results of MSE in the restored
JAGUAR images for the iterative proccess

Iteration Method Proposed Nagao Iteration Method Proposed Nagao
Degraded GIRL' MSE 575.83 Degraded JAGUAR' MSE 514.52
1 171.68 146.69 1 247.92 405.24
2 119.66 185.69 2 242.68 556.30
3 112.22 214.50 3 264.54 640.58
4 113.86 230.06 4 289.55 688.06
5 118.03 238.58 5 312.55 712.82
6 122.75 242.58 6 332.99 725,33
7 127.48 244.9% 7 351.04 731.80
8 131.99 246.50 8 367.11 735.22
9 136.25 24726 9 381.34 737.32
10 140.23 247.67 10 394.31 738.63
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Fig. 13. Diagram for table 12
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