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This thesis presents an efficient image denoising algorithm using multiwavelet
transform and thresholding process. The genetic algorithm and cross validation technique
are applied to search for optimal threshold value for each high-frequency image subband
resulting from multiwavelet decomposition because previous study has shown that
the threshold values have direct effects to the quality of output image. Since both soft
thresholding and hard thresholding yield output image with different properties by
considering the bias value and the variance of the output image, we apply both thresholding
processes in the genetic algorithm to balance the bias value and the variance in order to
obtain optimal threshold values. To perform thresholding process, the semi-soft thresholding
is selected because this method has more adventage than the typical soft thresholding and
hard thresholding. In addition, the translation invariant technique is applied to the noisy
image to reduce the effect caused by Gibbs phenomenon. Experimental results show that
the proposed method yields the output images with higher quality as compared with the

ones from previous works.
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(c) 3ENY AU (PSNR = 33.34 dB) (d) Soft thresholding (PSNR = 30.34 dB)
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(e) Hard thresholding (PSNR = 32.28 dB)
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NN hard hard soft soft soft
Lena 30.95 28.69 31.04 33.01 32.49 34.31
Boat 29.35 28.13 29.61 31.30 30.69 32.24
Barbara 28.46 27.54 28.64 29.78 29.41 30.06
Bridge 27.81 26.85 28.14 28.26 27.99 30.20
Goldhill 30.88 28.26 31.14 31.80 31.44 32.93
Pepper 30.72 28.67 31.12 33.07 32.55 34.02
Couple 29.38 27.98 29.77 30.67 30.29 32.17
Mandrill 26.10 26.18 26.54 26.95 26.90 27.83
Flinstone 24.89 26.18 2491 27.40 25.53 29.38
Elaine 32.37 28.71 32.55 32.72 33.29 34.05
Airplane 29.67 28.47 30.24 31.54 31.31 32.79
Woman 30.20 28.33 30.25 31.02 31.75 32.84
?hmﬁﬂ 29.32 27.83 29.49 30.62 30.30 31.90
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Mandrill 26.22 26.22 26.74 26.75 27.01 27.83
Flinstone 25.48 26.41 25.56 28.85 25.85 29.38
Elaine 32.87 28.67 33.04 33.93 33.66 34.05
Airplane 30.09 28.36 30.40 31.71 31.56 32.79
Woman 30.29 28.25 30.42 32.05 31.89 32.84
ﬂﬁméﬂ 29.54 28.31 29.76 31.16 30.51 31.90
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eh SURE Baye SURE GCV Baye o
with with with with with .\ o
UUTUD

NN hard hard soft soft soft
Lena 30.93 28.67 31.10 33.34 32.61 34.31
Boat 29.39 28.15 29.53 31.59 30.70 32.24
Barbara 28.47 27.75 28.59 30.37 29.71 30.06
Bridge 27.82 26.82 28.25 28.30 28.01 30.20
Goldhill 30.98 28.28 31.37 31.97 31.50 32.93
Pepper 30.89 28.62 31.15 33.30 32.54 34.02
Couple 29.45 27.96 29.73 31.23 30.29 32.17
Mandrill 26.19 26.25 26.66 27.43 26.98 27.83
Flinstone 25.10 26.25 25.07 29.20 25.64 29.38
Elaine 32.38 28.75 32.58 33.79 33.40 34.05
Airplane 29.87 28.42 30.24 30.34 31.46 32.79
Woman 30.05 28.33 30.18 31.97 31.81 32.84
Fhm?;ﬂ 29.29 27.85 29.53 31.06 30.38 31.90




(a) mvuTudu il Yy unIu (b) Noisy image (PSNR = 23.30 dB)

(c) Baye with soft (PSNR = 32.61 dB) (d) Baye with hard (PSNR = 28.67 dB)
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(f) SURE with hard (PSNR = 30.93 dB)

(g) GCV with soft (PSNR = 33.34 dB) (h) 5N naue (PSNR =34.31 dB)
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(@) nmisuau hilidyanasuniu (b) Noisy image (PSNR = 23.30 dB)

(c) GCV with soft (PSNR = 30.30 dB) (d) Baye with hard (PSNR = 28.28 dB)
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(e) Baye with soft (PSNR = 31.50 dB) (f) SURE with soft (PSNR =31.37 dB)

(2) SURE with hard (PSNR = 30.98 dB) (h) 35N udue (PSNR = 32.93 dB)
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Bior4/4 Bior6/8 Db4 DGHM

DN
Lena 33.52 33.63 32.39 33.34
Boat 31.73 31.22 31.11 31.62
Barbara 28.96 28.79 28.59 29.71
Bridge 29.23 29.47 29.22 29.34
Goldhill 31.17 29.51 31.10 31.78
Pepper 32.75 33.16 32.20 32.89
Couple 31.13 31.09 31.26 31.45
Mandrill 26.69 26.78 27.06 27.22
Flinstone 27.31 27.29 26.12 28.54
Elaine 32.28 32.67 31.68 33.34
Airplane 31.37 31.73 31.03 31.74
Woman 31.71 32.11 31.62 32.12
fhméﬂ 30.65 30.62 30.28 31.90
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IMNSUNUFH1AMT 1F Translation invariant 198 1% 1N Lena
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HyUaAgaY
1 2 3 4 5 6 7 8 9
LH1 336.43 | 57.54 | 3821 |890.24 | 123.70 | 61.48 | 177.59 | 97.90 | 61.59
HL1 48.49 | 51.93 | 38529 | 60.46 | 102.15| 74.62 | 90.03 | 87.15 | 126.08
HH1 783.68 | 516.34 | 675.91 | 232.12 | 857.64 | 100.91 | 442.51 | 393.74 | 567.96
LH2 84.22 | 8542 | 75.69 | 7537 | 70.06 | 81.23 | 74.61 | 75.08 | 67.94
HL2 54.06 | 62.62 | 50.86 | 57.53 | 62.22 | 50.88 | 50.57 | 51.33 | 44.93
HH2 159.25 | 75.99 | 100.85 | 101.44 | 98.43 | 83.94 | 120.60 | 77.11 | 90.21
LH3 4520 | 40.45 | 61.58 | 43.01 | 47.92 | 36.65 | 42.86 | 54.13 | 41.37
HL3 14.546 | 15.68 | 21.40 | 15.80 | 29.66 | 24.01 | 18.81 | 20.73 | 20.73
HH3 41.49 | 52.59 | 3994 | 54.08 | 39.79 | 45.46 | 42.28 | 4942 | 42.89
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(@) nwsudu Tl Ty s unIY (b) Noisy image (PSNR = 23.30 dB)

(c) Baye with soft (PSNR = 30.70 dB) (d) Baye with hard (PSNR = 28.15 dB)
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(e) SURE with soft (PSNR = 29.53 dB)

(g) GCV with soft (PSNR =31.59 dB) (h) 23N ndue (PSNR = 32.24 dB)
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(@) amisuau hilidyaasuniu (b) Noisy image (PSNR =23.30 dB)

(c) Baye with soft (PSNR =29.71 dB) (d) Baye with hard (PSNR = 27.75 dB)
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(e) SURE with soft (PSNR = 28.59 dB) (f) SURE with Hard (PSNR = 28.47 dB)

(g) GCV with soft (PSNR = 30.37 dB) (h) 5N neUD (PSNR = 30.06 dB)
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(@) nmisuau hilidyanasuniu (b) Noisy image (PSNR =23.30 dB)

(c) Baye with soft (PSNR = 28.01 dB) (d) Baye with hard (PSNR = 26.82 dB)
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(e) SURE with soft (PSNR = 28.25 dB) (f) SURE with hard (PSNR = 27.82 dB)

(g) GCV with soft (PSNR = 28.30 dB) (h) J5N1neue (PSNR = 30.20 dB)
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[

(@) amisuau hilidyaasuniu (b) Noisy image (PSNR =23.30 dB)

(c) Baye with soft (PSNR = 32.54 dB) (d) Baye with hard (PSNR = 28.62 dB)
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(e) SURE with soft (PSNR = 31.15 dB) (f) SURE with hard (PSNR = 30.89 dB)

(g) GCV with soft (PSNR = 33.30 dB) (h) J5N1eUD (PSNR = 34.02 dB)
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(@) nmisuau hilidyanasuniu (b) Noisy image (PSNR =23.30 dB)

(c) Baye with soft (PSNR = 30.29 dB) (d) Baye with hard (PSNR = 27.96 dB)
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(e) SURE with soft (PSNR = 29.73 dB) (f) SURE with hard (PSNR = 29.45 dB)

(g) GCV with soft (PSNR = 31.23 dB) (h) 5N neTUD (PSNR =32.17 dB)
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(@) nwsuAu Tl Ty s unIY (b) Noisy image (PSNR = 23.30 dB)

(c) Baye with soft (PSNR = 26.98 dB) (d) Baye with hard (PSNR = 26.25 dB)
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(e) SURE with soft (PSNR = 26.66 dB) (f) SURE with hard (PSNR = 26.19 dB)

(g) GCV with soft (PSNR = 27.43 dB) (h) 5N neaUD (PSNR =27.83 dB)
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(@ nmwsuau lifidyanusuniu (b) Noisy image (PSNR = 23.30 dB)

(c) Baye with soft (PSNR = 25.64 dB) (d) Baye with hard (PSNR = 26.25 dB)
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(g) GCV with soft (PSNR = 29.20 dB)
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(h) 3N nauo (PSNR = 29.38 dB)
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(@) nwsuAu Tl Ty s unIY (b) Noisy image (PSNR = 23.30 dB)

(c) Baye with soft (PSNR = 33.40 dB) (d) Baye with hard (PSNR = 28.75 dB)
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(g) GCV with soft (PSNR = 33.79 dB)
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(h) 3N nauo (PSNR = 34.05 dB)
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(@) nmisuau hilidyanasuniu

(c) Baye with soft (PSNR = 31.46 dB) (d) Baye with hard (PSNR = 28.42 dB)
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(g) GCV with soft (PSNR = 30.34 dB)
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(h) 3N nauo (PSNR = 32.79 dB)
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(@) nmisuau hilidyanasuniu (b) Noisy image (PSNR =23.30 dB)

(c) Baye with soft (PSNR = 31.81dB) (d) Baye with hard (PSNR = 30.05 dB)
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(d) SURE with soft (PSNR = 30.18 dB) (e) SURE with hard (PSNR = 30.05 dB)

(g) GCV with soft (PSNR = 31.97 dB) (h) I5N1naue (PSNR = 32.84 dB)
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