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Abstract; In order to improve the adaptive ability of the quantum median filtering method to the illu-
mination variations, a novel median filtering method based on the dual qubit state is proposed. The
distribution probability of the pixels in the image is determined according to the grayscale distribution
information. And the normalized distribution probability is determined as the probability function of
the quantum bit states. In this way, the filtering method has good adaptive ability to the illumination
variations, and the filtering performance can be improved. The method is used to filter noise in the
images under the normal, low and high illumination. Simulation results show that the method can get
better filtering result to the salt and pepper noise than the other median filtering methods, and the
method is also superior to others on some objective evaluation criteria, such as the peak signal to noise
ratio, the normalized mean square error, and the structural similarity. For the images with 50%

noise, the peak signal to noise ratio of the method can be enhanced by 2.13%, 2. 71% and 3. 22%,
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the structural similarity can be enhanced by 1.52%, 1.82%, 2.08% ., and the normalized mean square
error can be reduced by 11.85%, 15.70% . and 15. 65%.
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Fig.1 Filtering results by different methods on narmal illumination image with 10% noise

(b) 3x3rp{E g

(a) 30% 1 (5] {5

(a) Image with (b) 3x3 median (c) 5x5 median
30% noise filtering filtering

(d) B &R i i
(d) Adaptive median  (e) Method in Ref.[8]
filtering

(¢) SxSHETEYE

(0 A7
() Our method

(e)3CHI81TT

P2 &R 7% 30 26 M PG 1 I8 I &%

Fig. 2 Filtering results by different methods on normal illumination image with 30% noise
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Fig. 3 Filtering results by different methods on normal illumination image with 50% noise
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Tab.1 Filtering performances comparison of different methods under normal illumination
M 75 L f31]
10% 20 % 30% 40% 50%
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PSNR 3X 3 hE g I 29. 3667 26.1384 22. 431 18. 2894 15. 0294
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3 b A A D 32. 8062 27.6672 22.5659 17.5982 13.6521
Je Sy 32. 3375 30. 6598 29. 0391 27. 6459 25.7329
ATy 33.7371 31. 4771 29. 6978 28. 0999 26. 2807
SSIM 3X 3 ep (i Uk i 0.91107 0. 85282 0.71668 0. 48582 0.27896
5X 5 (1l g I 0. 83024 0. 82032 0. 80590 0.77682 0. 69878
3 b A U I 0.97377 0. 89365 0.72664 0. 44839 0.21989
Ji SOy 0.96185 0.94268 0.91956 0.89112 0. 85310
ATy 0.97586 0.95244 0.92981 0.90149 0. 86603
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Fig. 4 Filtering results by different methods on low illumination image with 10% noise
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Fig. 5 Filtering results by different methods on low illumination image with 30% noise
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Fig. 6 Filtering results by different methods on low illumination image with 50 % noise
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Tab. 2  Filtering performances comparison of different methods under low illumination

s n P& T 2 W 7 K/
PERESH U8B
10% 20% 30% 40% 50%
NMSE 3X 3 U E kI 0.0042901 0.0094874 0. 028500 0. 0833930 0.1788700
5X5 Hr{E gk 0.0076413 0.0102440 0.015285 0.0200280 0.0374870
H 3E A E TE I 0.0015573 0.0071688 0.026161 0.0990420 0. 2445000
JRSCTT ik 0.0024424 0. 0035337 0. 0049653 0. 0067908 0.0108730

AT 0.0015128 0.0025110 0. 0036885 0.0057931 0.0091663
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Fig. 7 Filtering results by different methods on high illumination image with 10% noise
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Fig. 8 Filtering results by different methods on high illumination image with 30% noise
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Fig. 9 Filtering results by different methods on high illumination image with 50 % noise
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Tab. 3 Filtering performances comparison of different methods under high illumination
Mo 28 o PR T 32 8 75 T4 K/
10% 20% 30% 40% 50%

NMSE 3X 3 A IR 0.0042612 0.0077441 0. 0420290 0.0420290 0.092816
5X5 A K I 0.0073634 0.0097769 0. 0205160 0. 0205160 0.029153

H 3E W ASUE TE I 0. 0026630 0. 0063526 0. 0490330 0. 0490330 0.116230

J S TT 0.0030683 0.0041220 0. 0089809 0. 0089809 0.013320

ARSIy e 0.0024883 0. 0033151 0. 0073897 0.0073897 0.011235

PSNR 3X 3 HEUE 27. 9029 25. 3085 17. 9628 17.9628 14.5220
5X 5 H(E I8 25.5275 24. 2963 21.0772 21.0772 19.5515

9 38 A AE 3 I 29. 9446 26.1687 17.2933 17.2933 13.5451

SR ST 29. 3293 28. 0472 24. 6650 24. 6650 22.9532

NS RS 30. 2392 28. 9933 25.5120 25.5120 23.6924

SSIM 3X 3 HEUE 0.90215 0. 85424 0.52176 0.52176 0. 30407
5X5 A K 0. 81323 0.80141 0. 75395 0.75395 0. 68134

3 b A A U I 0. 96000 0. 88394 0.47201 0.47201 0.25227

J S TT 0. 94559 0. 92659 0.87110 0.87110 0. 82841

ARSIy e 0.96553 0.93878 0. 89583 0. 88583 0. 84567
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