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Overlapping combined sparse total variation HFOGSTYV denoising
model based on fractional mixing order

Yang Chuanbing' Zhou Xianchun' Chen Kai' Zhang Jie®
(1. School of Artificial Intelligence, Nanjing University of Information Science & Technology, Nanjing 210044, China;
2. Meteorological Bureau of Pingyang County, Wenzhou City, Wenzhou 325499, China)

Abstract: Aiming at the problem of block-like artifacts in images caused by the staircase effect caused by total variation
(TV) model, this paper proposes an overlapping combined sparse regular term denoising HFOGSTV model based on
fractional mixing order. Considering that the overlapping combination of sparse regularization term and fractional
differentiation can suppress global and local block artifacts, this paper introduces them into the TV model to better
suppress the ladder effect. Furthermore, high-order differentiation is introduced to improve the denoising efficiency of
the model, and an overlapping combined sparse regular term denoising HFOGSTV model based on fractional mixing
order is constructed. The new model is decomposed into each subproblem by alternating direction multiplier ADMM
method, and the appropriate parameters are selected. The experimental results show that compared with the NLM,
TV, and HNHOTV-OGS models, the PSNR of the HFOGSTV model increases by 7.2%, 5.3%, and 1.9%,
respectively, and the SSIM increases by 6. 6%, 6.1%, and 3.4% , respectively, while the running time decreases by
89%, 51%, and 45% , respectively. It not only effectively suppresses the staircase effect, but also has better denoising
effect and greatly reduces the running time.
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SSIM 0.821 0.791 0.776 0.769 0.766 0. 764 0. 764
FEnt/s 4. 342 4. 605 4. 846 5. 403 6. 354 6.958 7.538
AR EL 8 9 10 25 50 100
PSNR/dB 29. 443 29. 436 29. 443 29.433 29.432 29.432
SSIM 0.763 0.763 0.763 0.762 0.762 0.762
FEmt /s 8. 146 8. 359 9.578 16. 352 29.778 58. 268
BT R AR FLUC S T IRAE . ST w A8, H 4 0050
TR I8 O HE 48, P TR B9 3R A © BiIE B J2: U0 8K 00451
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TE S B Y B 10 e SIOPE TT L A 0 F B AE 7 Jk |
AR VCH DL A L AR B3 1 R AR A5 1k 4 8 0025 |
_ 0.020 ¢
Mot = | ""H‘ luk H"* I . 27 oois |
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WAE L AR BR DR 28 Rel Err YR K ARUCR I 1S ini 5298 36l /)
A FUR WSO BE A R[] L B KOIRUE AR R I8
Jv it B R AR B N L BRI R B U 1 Bk B W B

3 XBWERSHW

AL Lena 55 4 o) BT 9246, 7 L g0 i R oy, 4
KEFEES K Intel(R) Core(TM) i5-8250UCPU@1. 60 GHz,
WNAE N 8. 00 GB. &4 N Windows 10 ZEE A ST i Fi )
MATLAB R A &y R2019a, R A 3L B K/ R
512 X 512, 78R IR MG RO Fe b I B bR 1 22 6 =15, 20,
25,30 B (= 5T IR 7S L O SR A AE JR) 56 2 2 1 (NLMD 4
BTV B, 8 A AR ™ & B 28 & 4 A i 4 28 48 (HN-
HOTV-OGS) 1 HFOGSTV #8037 2 M, & & &
B, ULEE 4 BB R ) PSNR {H . SSIM {8 A it & it K .
4 3R R E A 14 B

(b) Barbara

(d) Peppers

(c) Boat

Bl 14 45k JFEE£R(512X512)

AT BERAR A S T EE AT SO A,
T AR5 1 BN /N IR AE | 2 7 S0 s G e AN
PERE R BAE £ . Lena B M Barbara B89 AW #E 3k &
F 43 FIWEF S ACH 43, Boat [ (14 M 4 . i 85 1K 18 &5 47
A Peppers B AR [H] 1 AR 2 T A5 5038 40 #0 2L A AR
BRI SUPLRRAE RN AT . 38 a X X LK B i A& bR
[ Fry o 40 R 7 L AT L VA A R AE AN [R] I LR i RE R I
MWW s RASE . BRI T AR 28 8100 B4, 4
WG AP AR A28 T H A X R T LU PR R R G
o 1 A
3.1 BEUEREGERE

F 2~4 RN R MRS FR 2R X F Lena . Bar-
bara.Boat.,Peppers 4 7l & A, ffi F§ NLM, TV, HN-
HOTV-0OGS A & ¥ HFOGSTV #% % 15 i (1§ PSNR,
SSIM DA K HE I i O BLEC(E D8 5 — W R L XS e — P R
P80 R B i ) B D o

Hh B O T

MRS H X

K2 EAFAREREETHEEEPSNR{E (AB)

T iy g "
'_%:jﬁzfn S NLM B THVIT(P)I ((}) S s
Lena 30.431 30.395 32.530  33.477
Barbara 27.657 24.679 28.212  29.126
a=15 Boat 27.480 27.854  29.374  29.512
Peppers 30.715 31.033 32.343 32.618
Lena 30.312 30.256 32.025 32.112
Barbara 27.603 24.709 27.709 @ 27.826
S0 Boat  27.498 27.810 20.319  29.425
Peppers  30.554 30.723 31.688 31.894
Lena 29.995 30.012 29.924  30.671
Barbara 27.425 24.720 @ 26.260 26.604
7720 Boat 27.406 27.698 28.794  28.873
Peppers  30.164 30.294  30.669  30.962
Lena 29.249 29.487  29.924  30.207
Barbara 26.941 24.641 24.344  25.643

c=30

Boat 27.016 27.404 27.129 27.564
Peppers  29.306 29.605 30.094  30.174

®3 FRMBREREE THEHEZE SSIME

iﬁfﬁfﬂ A NLM v THVIT(P)IcE,)s HH
Lena  0.846  0.850  0.844  0.902

Barbara 0.796  0.702  0.826  0.854

o= 15 Boat  0.703  0.725  0.764  0.766
Peppers  0.820 0. 826 0. 847 0. 850

Lena  0.841 0.846  0.879  0.880

Barbara 0. 795 0.702 0.812 0. 808

o=20 Boat  0.708 0.726  0.733  0.774
Peppers 0. 816 0. 820 0. 830 0. 839

Lena  0.818 0.838  0.780  0.855

Barbara 0.783  0.702 0.710 0.758

o= Boat  0.703  0.726  0.765  0.766
Peppers  0.796  0.811  0.824  0.827

Lena  0.761 0.813  0.780  0.842

Barbara  0.747  0.692 0. 584 0.708

o=30 Boat  0.676 0.716  0.678  0.707
Peppers  0.745  0.786  0.807  0.815

NFE 2~ 4 T LS B, AR SCHE A B AR R A 5 B 4 B
PSNR 5 SSIM 1 bt o 5005 76 46 K Z 401 00 T ¥4
HE S B, A BIE B B 22 5 0T B2 T 04K 1 % 7 5 by
S W7 v S ) 4 Sk NS L B An NLM 48 28 B TE 47 DT
Bo e, (HJE o LM 5 i AR SCRA R T TS B
i) & F ADMM %% , I FG 4% ] S50 b 137 T 006 b 1 R fige
Fk BN KEEMEEER T B ERMEK, XWRIET
AR SO e

EAb TR — 81 —
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R4 ERRREREETHREEREM ()

TR T MR TR HNHOTV-

b 22 KR NLM TV 0GS.0GS A Y
Lena 55.506 11.947 10. 758 5.906

Barbara 51.994 10.652 11. 095 5.677

o=15 Boat 53.922 10. 364 10. 881 6. 347
Peppers 54.164 10. 655 9.720 5.956

Lena 54.474 10.472 10. 152 6. 546

Barbara 51.505 10.477 9.921 6.238

o=20 Boat 58.428 10.233 12.010 6. 494
Peppers 57.560 10. 787 8. 856 6. 867

Lena 51.707 10.510 9.584 8. 645

Barbara 53.828 10.308 8.914 6. 818

°=2%  Boar  56.480 10.786  11.622  6.331
Peppers 58.415 10.618  11.157  5.938

Lena 53.019 10. 364 11. 349 6. 695

Barbara 55.151 10. 256 8. 350 5.666

o730 Boat  52.059 10.312  8.916  7.698
Peppers 57.429 10.788 9.918 5.977

3.2 EMREREEZIL
E Lena RSN o = 20 B9 &5 307 F1 MR L 4 82 4L 1Y
FMRLE RN 15 R .

% S E(PSNR = 22,110 dB, SSIM = 0.331) NUM L S IS(PSNR = 30.312 dB.SSIM = 0,841 4051254 474s)

(a) P

TV L2 2(PSNR = 30.256 dB. SSIM = 0.846. #4110 472s) HNHOTV-OGS L % Bi(PSNR = 32,025 dB,SSIM = 0.879, FL#| 10.152s)

(b) NLMZEMEE

(c) TVEMEE (d) HNHOTV-0OGS-OGS £ &

15 5% 29 (PSR = 32.112 dB.SSIM = 0.880,1(#/6.5465)
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G MR AUR B . RBUB T HE/EBE, & 16 fr
N e LA EE 16Ca) Al (b) S BRAE A, & 16 (o) Al () 8L
HEVE W . 2552 4TI 18] 43 BT, B0 B 8 1) 32 A7 s [R] B A, £
PRIV BT . 42 40 B s T 455 B 19 58 A7 RO AN g A AR
HAE,

(a) NLMJ=EBE (b) TVRERE

(¢) HNHOTV-0GS-OGS J2 BB

(d) BRI
16 4 Pl AY ) 2 sy 3 R

4 &

AR SCEE X448 43 TV RIS Y B A6 21087 A ] 880, 412
T HFOGSTV XM A . F 7] 52 B 2H A i 1F W 30 5
A3 B0 B 0 T T 9 A S8, R A A A S I A B 2R
AYREAL T, IR B B A, HE 2 MR AR, M
HFOGSTV LMBEBIAL, R H ADMM 4 % #7858 3 17 43
it o 3 i R A A Il L IR 36 T B AL Y S B0 B n) D
Weshn @, g RM, 52 MR T, HFOGSTV
TR R T B Ao 8O, I L2 MR A SR T A, MR A
KKBEAL.
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