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Abstract

Image denoising is one of the most important tasks in image restoration. The goal is to remove
noise from a given corrupted digital image to improve its quality before use. In general, there are
two types of noise models: additive noise models and multiplicative noise models. In this paper,
we present three variational models, KKWV-TV, KKWV-TL, and KKWV-TVL models, for the restoration
of images with combined additive and multiplicative noise in a single step, together with numerical
methods for solving the associated differential equations. Numerical tests with synthetic, realistic
and medical images confirm that our three models deliver accurate and reliable results. Moreover,
the proposed numerical algorithm can work efficiently with the KKWV-TVL model and provides higher
quality results than the KKWV-TV model and the KKWV-TL models.

Keywords: Image restoration; Image denoising; Variational method
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3. HAN1539Y
AugITelaannuuUNITNAaBUTIR LAY

ANTUNAFRUNITNTAAYYIUTUNIUDDNIINAN

HanmdaAsizinazn1nese Weldouiiiou

UsAnSnnvesiiLuuiansulsiududugele

Yauesa 3 fuu TEwA fnuu KKWW-TV fauuy
KKWV-TL wagsiuuy KKWV-TVL waziandlidiugs
Uszdnsnmwedisnisisiuauiildiaue Taons
VndeUUsTAVS AMwRsTRUULaEAS M TR Laue
szgnUsziiufeiedesiionsuseifiuuszansaw
vaan1sUTul TN meaIn I BuWiBUiunImN
Auadu Ao A19RIIEINVRIFYINTUNILEIGA

(Peak Signal to Noise Ratio : PSNR)
2

PSNR =10log,, 255 wheduediua)
MSE

AAMUAAIALARIUNGIERS AR (Mean Square

MSE)
1 & 2
MSE ZWZZ((L{ )i,j _(u)i,j)
LAaTAINISIARYEAIIUAANEARIURILATIASNS

Error :

i=l j=1

(Structure Similarity Index Map : SSIM)
4p-1,0 .0,

SSIM = (2 +42)(o2 +07)
I 4 1 M N
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1 M N
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FUUY KKWV-TVL Tien PSNR wazan SSIM figs
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Table 1 PSNR of three noisy images (Constant image, Smooth image and Boat image).

(kysky) | (1,05) (1,1 (1L15) | (305) (3,1) (3,15 | (505) (5.1) (5,1.5)
Co?;jc/;nt 335208 | 27.5928 | 24.1136 | 324542 | 27.3052 | 23.9409 | 30.8907 | 26.7308 | 23.6731
s r‘r"\‘;“gth 334708 | 27.6207 | 24.1878 | 32.6290 | 27.3612 | 24.0607 | 31.3156 | 26.9786 | 23.8327
N1 Boat | 32.9476 | 27.0173 | 23.5098 | 32.0023 | 26.7510 | 23.3727 | 30.5592 | 26.2677 | 23.1495

Table 2 Comparison of PSNR with synthetic images (Constant image and Smooth image) and real

images (Boat image).

Constant Image Smooth Image Boat Image

(ko ’ kl ) KKWV-TV | KKWV-TL | KKWV-TVL | KKWV-TV | KKWV-TL | KKWV-TVL | KKWV-TV | KKWV-TL | KKWV-TVL
(1,0.5) 55.0181 | 40.3589 | 55.8542 | 40.9914 | 37.1588 | 41.1807 | 38.8764 | 39.3688 | 39.9535
(1,1 47.0716 | 37.7800 | 48.3463 | 358185 | 32.6871 | 35.8692 | 34.4915 | 354983 | 35.8453
(1,1.5) 44.5809 | 33.9487 | 44.6465 | 31.9040 | 29.9454 | 32.2259 | 32.3069 | 33.0444 | 33.4194
(3,0.5) 54.2503 | 40.1349 | 54.9604 | 40.3740 | 36.2165 | 40.5862 | 38.2408 | 38.6275 | 39.2512
(3,1) 46.5075 | 37.6118 | 47.8764 | 35.6398 | 32.6851 | 35.6647 | 34.4211 | 35.3033 | 35.6773
(3,1.5) 44.7752 | 33.8729 | 44.9001 | 31.7489 | 30.0224 | 32.0778 | 32.8467 | 33.2672 | 33.2918
(5,0.5) 53.5012 | 39.7020 | 53.9060 | 39.555 34.7869 | 39.565 37.0794 | 37.7588 | 38.0420
(5,1 45.3800 | 37.2385 | 47.1720 | 353476 | 32.4388 | 35.3536 | 34.2974 | 34.9300 | 35.3582
(5,1.5) 44.5011 | 33.5884 | 44.5514 | 31.4526 | 29.8117 | 31.8021 | 32.7502 | 33.1655 | 33.2240

Table 3 Comparison of SSIM with synthetic images (Constant image and Smooth image) and real

images (Boat image).

Science32-N5-2.indd 13

Constant Image Smooth Image Boat Image

(ko ’ kl ) KKWV-TV | KKWV-TL | KKWV-TVL | KKWV-TV | KKWV-TL | KKWV-TVL | KKWV-TV | KKWV-TL | KKWV-TVL
(1,0.5) 0.9997 0.9866 0.9998 0.9825 0.9072 0.9893 0.9560 0.9628 0.9664

(1,1 0.9934 0.9548 0.9973 0.9725 0.9491 0.9807 0.9179 0.9140 0.9261
(1,1.5) 0.9972 0.8541 0.9972 0.9098 0.8747 0.9407 0.8654 0.8763 0.8924
(3,0.5) 0.9996 0.9856 0.9997 0.9676 0.8726 0.9740 0.9470 0.9477 0.9598

(3,1) 0.9924 0.9527 0.9970 0.9656 0.9446 0.9658 0.9172 0.9106 0.9234
(3,1.5) 0.9973 0.8671 0.9973 0.8929 0.8712 0.9238 0.8855 0.8974 0.9003
(5,0.5) 0.9995 0.9830 0.9996 0.9602 0.9508 0.9603 0.9288 0.9397 0.9469

(5,1 0.9884 0.9449 0.9955 0.9487 0.9248 0.9491 0.9152 0.9014 0.9167
(5,1.5) 0.9970 0.8572 0.9970 0.8692 0.8487 0.9046 0.8816 0.8939 0.8978
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Table 4 Comparison of MSE with synthetic images (Constant image and Smooth image) and real

images (Boat image).

Constant Image Smooth Image Boat Image

(koski)

(1,0.5) 0.2038 5.9857 0.1679 51743 12.5073 4.9537 8.4215 7.5187 6.5715

KKWV-TV | KKWV-TL | KKWV-TVL | KKWV-TV | KKWV-TL | KKWV-TVL | KKWV-TV | KKWV-TL | KKWV-TVL

(1,1) 1.2752 10.8404 | 0.9506 17.0298 | 35.0232 16.832 | 23.1157 | 18.3329 | 16.9249

(1,1.5) 2.2636 26.1936 | 2.2296 41.9437 65.847 | 38.9478 | 38.2282 | 32.2576 | 29.5884

(3,0.5) 0.2434 6.3026 0.2065 5.9650 15.5381 5.6805 9.7490 8.9183 7.7251

(3,1) 1.4522 11.2684 1.0593 17.7450 | 35.0397 | 17.6434 | 23.4935 | 19.1747 | 17.5926

(3,1.5) 2.1645 26.6549 2.1031 43.4687 | 64.6889 | 40.2982 | 33.7599 | 30.6441 | 30.4711

(5,0.5) 0.2894 6.9633 0.2635 7.2032 21.5960 7.1865 12.7381 | 10.8933 | 10.2057

(5,1) 1.8830 12.2800 1.2460 18.9799 | 37.0841 | 18.9540 | 24.1724 | 20.8961 | 18.9339

(5,1.5) 2.3056 28.4591 2.2790 | 46.5383 | 67.9049 | 42,9397 | 345181 | 31.3704 | 30.9504

o

weanniliieilunisuansliiiulssdnsanvesiuuuuns 3 dwuu nSeumeisnis SB Amna1idide

lfuansnmuadwsannsidadyaausunnlunsdidyynsunu (k, k) = (5, 1.5) dauanslu Figure 1

PSNR' = 44.5011 PSNR' = 33.5884 PSNR' = 44.5514

i

PSNR' = 31.4526 PSNR' =29.8117 PSNR' =31.8021

23.6731

Figure 1 Results of the restoration of the synthetic and real images. The original image (the first column),
the noisy images (the second column), the results are obtained by the KKWV-TV model,
the results are obtained by the KKWV-TL model, and the results are obtained by the KKWV-TVL

model.
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AMAINTDININHAENET AT E iUl FTn

wonanil fAdeldvaseudssAvBnmuesh  ieRiansunainamusslunsevduaamuin ns
wuuildinaue wioudiedins sB lunsidn  fdadauarasuniueiniia 3 fuuy Simednm
Fygrasuniueenannmaterdudssaimias  esdUsznouiiddglunmididueded Tnenm ()
(A Baby) Fwwanismdndaaiusuniunansli Usingdanasuniutaeniinin (b) wag () N
Wi shuuuiildthiauendoudieisns SBannsn wansliiiudndauuy KKWV-TVL Tiinadwsiining

o v o

mdndyausunuesnanamladuedsiuagly  wuU KKWV-TV wagiuuu KKWV-TL #a Figure 2

(a) (b) (c) (d)
Figure 2 Ultrasound images of baby; (a) original image; (b) - (d) restoration results by the proposed variational

models, KKWV-TV model, KKWV-TL model, and KKWV-TVL model, respectively.

4. agd nNsTdndyIusunILesnIINAMATAY
TusAded Hideldhaueiuuudnms  wiud uasihdeioesradfiulidelunnnsd uenan

WUSE KKWV-TV KKWV-TL wae KKWV-TVL dwdu idsntsdsiaa SB fildtaueanusautlamild

ﬁﬁmé’z:gzgmwmmwuwauﬁgaLlfuumimmmmi a9l UTEANSA WM Taediuuu KKWV-TVL au

Qmiu%’jumawﬁmaaamnmwﬁumwﬁ AMATS waiudEeanFIUY KKWV-TV uagiuuy KKWV-TL

wazAEENNSLImES Woudtayidanisuusiy

iAtlsiiaueBmsidsiauiiiussavsam dma 5. References

Y

AINABDUTIANAVAUNNEUATIZSA LAZTATNITI [1]  Chankan, S.and Sukyankij, S., 2023, Image

wansliliiudn fawuy KKWV-TVL 197 PSNR wag denoising for removing additive and
A1 SSIM ﬁqqndw&fumu KKWV-TV uagfawuu multiplicative noise using split Bregman
KKWV-TL waziilofinnsandn MSE azidiuinfuuy method, Journal of Science and
KKWV-TVL T MSE fisnngnsauuy KKWV-TV uas Technology Buriram Rajabhat University.
Fauuu KWY-TL Tuynnsdl uenainiannisneaes 8(1): 15-28.

AUNNENENINSUNNE bandlifiudn Fuuraany (2] Hirakawa, K. and Parks, T.W., 2006, Image
aunsamdadygrusuniusenainnnlaluegng denoaising using total least squares, IEEE
7 uaglinunnnaswsnAvueg1sdnu vililedn Trans. 15(9): 2730-2746.

Fawuudeanswlstunladnaueanusalvinadns

15

Science32-N5-2.indd 15 14/11/2567 BE 13:49



Thai Science and Technology Journal

Vol. 32 No. 5 September-October 2024

(3]

Lukin, V. V., Fevralev, D. V., Ponomarenko,
N. N., Abramov, S. K., Pogrebnyak, O.,
Egiazarian, K. O. and Astola, J. T, 2010,
Discrete cosine transform-based local
adaptive filtering of images corrupted by
nonstationary noise, J. Electron. Imaging,
19(2): 023007.

Rudin, L., Osher, S. and Fatemi, E., 1992,
Nonlinear total variation based noise
removal algorithms. Physica D, 60: 259-
268.

Chumchob, N., Chen, K. and Brito-Loeza,
C., 2013, A new variational model for
removal of combined additive and
multiplicative noise and a fast algorithm
for its numerical approximation.
International Journal of Computer
Mathematics, 90(1): 140-161.

Jin, Z. and Yang, X., 2010, Analysis of a
new variational model for multiplicative
noise removal, J. Math. Anal. Appl. 362:
259-268.

You, Y.L. and Kaveh, M., 2000, Fourth-
order partial differential equations for
noise removal, IEEE Transactions on
Image Processing, 9(10): 1723-1730.
Zheng, S.X., Pan, ZK., Jiang, C.X. and
Wang, G.D., 2013, A new fast algorithm
for image denoising, 3rd International
Conference on Multimedia Technology,
682-689.

Science32-N5-2.indd 16

16

(12]

Wang, G.D., Xu, J., Dong, Q. and Pan, Z.L.,
2014, Active contour model coupling
with higher order diffusion for medical
image segmentation, Int J Biomed
Imaging., 2014: 1-8.

Chan, RH,, Liang, H.X., Wei, S.H., Nikolova,
M. and Tai, X.C., 2015, High-order total
variation regularization approach for
axially symmetric object tomography
from a single radiograph, Inverse
Problems and Imaging, 9(1): 55-77.
Loupas T., McDicken W. and Allan P.,
1989, An adaptive weighted median filter
for speckle suppression in medical
ultrasound images, IEEE Transactions on
Circuits and Systems, 36(1): 129-135.
Krissian K., Kikinis R., Westin C.F. and
Vosburgh K. K., 2005, Speckle constrained
filtering of ultrasound images, IEEE
Comput. Vis. Pattern Recogn., 15: 547-
552.

Goldstein, T. and Osher, S., 2009, The
split bregman method for 1-regularized
problems, SIAM Journal on Sciences, 2(2):
323-343.

Lu, W., Duan, J., Qiu, Z., Pan, Z., Liu, R.
and Baij, L., 2015, Implementation of high-
order variational models made easy for
image processing, Math. Methods Appl.
Sci., 39: 4208-4233.

14/11/2567 BE 13:49





