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Image Denoising with Blind Source Separation Based on Convex Hull Optimization

LI Chen-hao, XIE De-hong, CHEN Meng-zhou
(Jiangsu Province Key Lab of Pulp and Paper Science and Technology, Nanjing Forestry University, Nanjing 210037, China)

ABSTRACT: The work aims to propose image denoising method with blind source separation based on convex hull op-
timization in consideration of the problem of removing Gaussian white noise and impulse noise from a image simulta-
neously for a lot of outliers in the noisy image. This proposed method treated the mixed noise and the clean image as two
source signals of a noisy image. A model of blind source separation was built according to additive relationship between
the mixed noise and the clean image in the noisy image. The convex hull optimization method was adopted to construct
the affine hull of source signals (those were the extreme points of convex hull). Then, a clean image was separated from
two noisy images by minimizing the projection error of the affine hull onto convex hull (the noisy image) for the purpose
of removing mixed noise and recovering the clean image. According to the experimental results, peak signal-to-noise ratio
(PSNR) value and mean structure similarity index measurements (MSSIM) value of the denoised images in the proposed
method were respectively over 39.9129 dB and 0.9 even if the Gaussian and impulse mixed noise was very strong. Results
of denoising experiments show that the proposed method has good performance in removing the Gaussian and impulse
mixed noise and recovering the clean image from the perspective of blind source separation.
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Fig.1 Result recovered from a Gaussain-impulse noise image by our method
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Fig.2 Comparison of results recovered from a Gaussian-impulse noise image when o°=10 and /=5%
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Fig.3 Comparison of results recovered from a Gaussian-impulse noisy image when ¢>=40 and h=30%
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Tab.1 PSNR values and MSSIM values of results recovered from a Gassian-impulse noise image

n = G PSNR MSSIM
FE W%  PSNR  MSSIM LI-LOFi#i ik WESNRA L SCH 7 L1-LOFEE ik WESNR L SCH 5 ik
10 5 17.7783  0.3663 28.7067 31.6383 49.8956 0.7522 0.8946 0.9964
20 5 16.7454  0.2931 23.9473 28.9487 46.3689 0.5297 0.8355 0.9914
30 5 15.4949  0.2322 21.2929 27.5267 45.4504 0.4100 0.7999 0.9897
40 5 14.1582  0.1869 19.5339 25.5609 49.2234 0.3325 0.7291 0.9955
50 5 12.7895  0.1495 18.3363 22.1402 46.1919 0.2824 0.5951 0.9913
60 5 11.6715  0.1228 17.3456 16.0314 49.6183 0.2433 0.3602 0.9960
70 5 10.5744  0.1018 16.6132 10.3968 42.7331 0.2189 0.2065 0.9808
80 5 9.6163  0.0852 15.9699 8.2864 453176 0.1959 0.1306 0.9892
90 5 8.7599  0.0755 15.3182 7.8843 42.5363 0.1761 0.0953 0.9798
100 5 7.9167  0.0622 14.8275 7.7634 40.1603 0.1620 0.0811 0.9661
10 30 10.3494  0.0871 22.0632 30.4438 44.2713 0.5374 0.8773 0.9883
20 30 10.2301  0.0859 20.4417 28.2821 44.2241 0.4198 0.8247 0.9881
30 30 10.0358  0.0819 18.6668 26.3771 42.1856 0.3277 0.7756 0.9808
40 30 9.6342  0.0734 17.2737 22.9870 41.9143 0.2685 0.6437 0.9797
50 30 9.2478  0.0668 16.1632 17.3112 41.6745 0.2260 0.4146 0.9785
60 30 8.8433  0.0597 15.0533 10.7820 45.8519 0.1904 0.2008 0.9915
70 30 8.4193  0.0555 14.3347 8.1852 45.4819 0.1705 0.1151 0.9907
80 30 7.9435  0.0499 13.3505 7.6377 45.1473 0.1397 0.0740 0.9898
90 30 7.4917  0.443 12.9321 7.5347 42.3004 0.1346 0.0589 0.9807
100 30 7.0417  0.0415 12.3389 7.4990 40.0219 0.1101 0.0503 0.9675

SC A k2 o v A - B ML Pk i TR B MR sk
FULE 4. 7Em r-REHLIE K R A, ST
WP Y 7 2500 100, BEHLIE K mh g S B9 %5 R 50%
LK BEHLH AE b 5% 18 4b A 4¢ SR 1)
ARAFA 2 MRS R, HaRA D) H BEHLZ 5 randn(1)
9 0.35, B 4b HEIN T J52E 100 FUE B 50%0 5
W -BEALIE K IR A e e i s R 5 T 4e R &
T E 4b v 35%BIRA MR MRS EE; B 4d
JAr B IR, 5K 4a BRI EL R AL,
HTCH B A . R R B IR L &l 4e
Joy B R RAEAE R R AR RS B it

AU, SCH Oy AT A Ao A R A s 0T - B AL
(B Ik PR TR A5 MR 75 7 e 1 AR

M 6™=10, h=5%, r=5%} {155 - FEHLALE K i
TRA MRS EG S 3 RS TR 7 1 A5 i 22 MR s 2R
WE 5, 24 6*=40, h=30%, r=5%IN e ir-BaaL 1
Jik wpiR A e S TR R L 3 Bl [ ki A5 1 5 Mg
R ILE 6. &l Sa MM 5 e i e, &l 6a [N
PTG YT, AT, MRS MR AR, 3 Ry
B R RO BT, MR A S R, SCh
P LU B B AR At 2 Rl



B371E w21 FRRES  ET AL IR 5 1 P L e 5 - 209 -

b M ER x, c M EE x d BRI s, e S E MRS 5,
K4 SCrp sk LR e - BE LIEL K iR & T P p AR

Fig.4 Result recovered from a Gaussian-Random-valued impulse noise image

a MR EMG b Xy ¢ WESNR J7 1 d L1-L0 Fgi )7 ik
K5 Enir-FEALE KR A RS LRSUR LA (67=10, h=5%, r=5%)

Fig.5 Comparison of results recovered from a Gaussian-Random-valued impulse noise image when ¢°=10, /=5% and =5%

a W ER b Pk ¢ WESNR J7i% d L1-LO i J7 ¥
6 - BEALA KR A e 7 R BRACR I (07=40, h=30%, r=5% )
Fig.5 Comparison of results recovered from a Gaussian-Random-valued impulse noise image when ¢°=40, /=30% and r=5%
3 PR BREE-RENLE KPR A M S PSNR A1 MSSIM {EIL3E 2. IRAWES T, milr

xk2 BH-HEVERKDEENRASRSEXZBRBRLN PSNR 1 MSSIM
Tab.2 PSNR values (dB) and MSSIM values of results recovered from a Gaussian-Random-valued impulse noise image

M 7S R PSNR MSSIM
HZ W% /% PSNR MSSIM LI-LOFEi i WESNRTEE CrhiiE  LI-LORMEL T WESNRJT B Ch ik
10 5 5 20.7419 0.4716 28.5901 31.1427 49.97 0.7462 0.8862 0.9963
20 5 5 18.9326 0.3573 23.9613 28.7661 47.2413 0.5281 0.8326 0.9933
30 5 5 16.9743 0.2697 21.2464 27.2308  46.5684 0.4052 0.7935 0.9921
40 5 5 15.1959 0.2105 19.4966 258214  47.6662 0.3261 0.7451 0.9937
50 5 5 13.6022 0.166 18.3046 224127  43.1234 0.2765 0.6037 0.9826
60 5 5 12.2189 0.1344 17.3408 17.3196  44.1172 0.2362 0.3991 0.9859
70 5 5 11.0261 0.1103 16.6064 11.6102  44.3095 0.2141 0.2405 0.9865
80 5 5 10.0152 0.0923 16.0617 9.0203 42.6497 0.1902 0.1604 0.9804
90 5 5 9.0451 0.0777 15.3996 8.0709 40.2604 0.1763 0.1121 0.9668
100 5 5 8132 0.0641 15.0196 7.8953 40.3675 0.1636 0.0944 0.9675
10 30 5 13.7605 0.1617 24.0235 23.7063  41.4602 0.5713 0.6523 0.9834
20 30 5 13.4139 0.1475 21.8757 24.6393  41.5375 0.4396 0.7214 0.9835
30 30 5 129914 0.137 19.8839 23.2029  41.7337 0.3419 0.6808 0.9841
40 30 5 12301 0.1175 18.4951 20.5487  42.2812 0.2815 0.5681 0.9855
50 30 5 11.5997 0.1039 17.3754 16.5196  41.2865 0.2364 0.4022 0.9818
60 30 5 10.9429 0.0918 16.5475 12.7649  45.6295 0.2041 0.2855 0.9929
70 30 5 10.2572 0.0788 15.7736 9.9528 40.7791 0.1782 0.2021 0.9786
80 30 5  9.5515 0.0685 15.1322 8.5961 44.4257 0.1555 0.1509 0.9904
90 30 5 8.9066 0.0619 14.5722 8.1886 42.0553 0.1377 0.133 0.9832
100 30 5 82887 0.552 14.0036 7.995 39.9129 0.1195 0.1174 0.9724
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