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Abstract: A technique based on regularization method and restores image to close-to-optimal is proposed in this
paper. The less the energy of the regularized residue, the better the image restoration. Based on this idea, wavelet
transform is employed to choose regularization operator qualitatively, and stochastic theory is used to calculate the
expectation of the energy, by minimizing the expectation to determine regularization parameter. Qualitative analysis
concludes that the regularization operator should be low-stop and high-pass, and the experimental results show that
the performances of this method are better than the traditional methods and yields steadily close-to-optimal
restoration.
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BSNR = 101og10[—§}
o

Fig.1 Original figures, ‘tire’, ‘flowers’, ‘cameraman’ and ‘trees’
K1 JRE 1% tire’, flowers’,‘cameraman’ fll ‘trees’
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g7 =l

SRAIE I 1 2 g P M 3), 10 S LA A T30 Metradition, 1§ 2 $03C 3 R Ly AR E Y
sk

58 2 70 P S 6 L R0 158 L K06 0 . 2 M L MPARR R 1€ S8, 4 40y Mopt,
1T 75 25 . D Miopt S RS R0 S 8 6 270 L SR, HLAR(7) S — /B

5953 TR AR 07V, 0 Menew, 8 14 5 2 3 O MEAE A R ok 00 TE AL 5O 5
LG 1 I 2 AR Iy AT A A T B AL T 005 5 e 2 3 R BER ST A2, % 4 LI
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Table 1 Original figure is ‘tire’, blurring function 5x5 uniform,

. . . L o> o’
noise variance variable, regularization operator —-+—
ox~ Oy
1SR tire” MO -5 M H Jy 2638, I MU S oH M 6 7
M-tradition M-opt M-new
BSNR
u SNR o SNRopi u SNR
8.383 7.873 11.220 0.372 12.990 0.707 12.942
17.649 0.750 14.063 0.046 5 15.498 0.088 3 15.399
27.233 0.0253 16.992 0.006 54 17.692 0.005 5 17.690
37.124 0.002 6 19.623 0.000 81 20.371 0.000 69 20.366
Table 2 Original figure is ‘trees’, blurring function 5x5 uniform,
62 62
noise variance variable, regularization operator —+-—;
ox~ Oy
F2 R trees” BOWI BT 5x 5, 7 5 22 8 IE ML BT S B i T
M-tradition M-opt M-new
BSNR
SNR Lo SNR o u SNR
11.506 8.183 10.736 0.165 12.827 0.707 12.520
20.840 0.250 13.748 0.023 2 14.609 0.044 1 14.500
30.595 0.008 77 15.874 0.002 15 16.394 0.002 7 16.374
40.528 0.000 973 17.890 0.000 184 18.601 0.000 345 18.488 7
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Table 3 Original figure is ‘tire’, blurring function variable,

o* &
noise variance 0.001, regularization operator ~+—
ox~ Oy
T3 R Rtire” BUWI BT 1A, 7 5 72:0.00 1, 1E WA ST o B 4 6
. . M-tradition M-opt M-new
Blurring functions BSNR 2 SNR . SNR,,, 2 SNR
3x3 17.99 03750 16.609 0.046 5 18.011 0.088 3 17.887
5%5 17.61 0.750 14.056 8 0.046 5 15.415 0.088 3 15.356
8x8 17.05 1.750 11.831 0.046 5 13.338 0.088 3 13.251
16x16 15.70 6.035 8.027 0.069 8 10.351 0.088 3 10.321
Table 4 Original figure is variable, blurring function 8x8 uniform,
g Mo’
noise variance 0.001, regularization operator —+—
x- Oy
R4 R EGAR BO1 88, 7 5 72:0.00 1, IE WAL S b e f i B 1
S M-tradition M-opt M-new
Origin figures BSNR P SNR o SNR.,, P SNR
Tire 17.064 1 1.750 11.831 0.046 5 13.375 0.088 3 13.264
Flowers 16.172 0.500 10.245 5 0.046 5 10.975 0.088 3 10.879
Cameraman 17.568 0.250 0 9.570 0.026 1 10.316 0.022 0 10.303
Trees 20.403 0.3750 11.892 0.023 2 12.928 0.044 1 12.836

Table 5 Original figure is ‘tire’, blurring function 5x5 uniform, noise variance 0.001, regularization
operator variable. *: M-new is not suitable for the case of identity operator /, since [ is not low-stop
F5 JREMG tire” BRI 7 5x5, 8 7 7 %£:0.001,

TE A Sy AR e A A A R AR AR R, A SO VA AN E

Regularization operators M-tradition M-opt The method of this paper
€ P P SNR Lo SNR,, P SNR
1 0.056 6 13.562 0.067 1 13.699 0.022 1* 10.998"
:3 + 2 0.312 14.382 0.073 1 15.204 0.088 3 15.194
ox oy
0’ 0’
o’ + 2y 0.750 14.060 9 0.065 5 15.379 0.088 3 15.363

AAS

3 % it

AR SCA I AN A2 3 A G i 328 L D) P 55 ) P B AL 8 38 75 28 1 U0 B e D e 00 S A0, de /A XA )
SRR R 1 A 2 M0, AT A 1 TE WA A9 AEAS ST A 5 45t 2 45 8 R A — i P 5 ) 0 S TR A
RABE e B R B AR N M0 ELAE AR B e P A A« TR 75 1K) S AT BB /) HL D 4 8 B2 20 A AL 8 0K 2845 4
A5 I DU A B0 3 I L AU L v 3 2 244 1 D) P 5 U L vt 3 I, e A T ) A Bk D 9T 2R 4, SR A5 1 U 4k
S0, 108 10045 2 PR I DU DA At 32k 280 4 g o W B2 00R S35 SRR W, A S8 H K vk I SR P R L A% 8 T ik IR W B3
RE JF HE M RERFUE.
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Fig.2 Original figure ‘tire’ is blurred by 5x5 uniform function, contaminated by white noise with
variance 0.01, 0.001, 0.0001 and 0.00001 separately; degraded figure is restored with
Laplacian operator. The figures in the first row are the degraded figures; in the second,
third and fourth are figures restored by M-tradition, M-opt and M-new separately
B2 o Je B R “tive™ 28 Sx5 S SI B 5,07 2273 4 0.01,0.001,0.0001,0.00001 ] 5,
MR R 00 57 AE IE M7 (R M S MBS 1 A7 0 BB, 2R 2 4724 M-tradition [F)
PR BB, 3 470 M-opt FIPRE EE, 50 4 AT WA i e 2 -G
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