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Abstract

To solve the restoration problem of remote sensing images under impulse noise, an image resto-
ration algorithm based on wavelet transform combined with Group sparse is designed in this pa-
per. The proposed algorithm utilizes LO norm as the data fidelity term, providing an effective
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means for removing pulse noise. In the regularization term, a LO norm of gradient images under
wavelet transform is implemented and an overlap-group sparsity regularizer for sparse modeling.
The algorithm is solved through optimization minimization methods and alternating direction of
multiplier approach, respectively. The restoration algorithm in this paper is compared with
LO-OGSTV, HNHOTV-0GS and LO-TV. The experimental results show that this algorithm is superior
to the above algorithms in terms of peak signal-to-noise ratio (PSNR) and structure similarity
(SSIM).
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PEREMRAER G BT R A 5 LRI R A BR RS 58 2 R, FEERBUN R BN Z 3
RN 5 15 G o A5 G i) UG 22 e NATD0 B B R A W, 3845 2 MG S B o B I TE
SERR TAE 2o USRI A 18 BRI IR R T, @ IR MG T B B A AE AR WK . BT DA 8 R
B E R B iR G 1] [2] [3] [A1RIHF 5 2 B I SE 7 L o

PG 5 ) 30 2 — A L 2R (1 A3 5 [5] [6]1 s i i, — s 1B A 1) IS BT LA 1R A2 p IR Ak B g s
I/ FH 75375 007 AR 100 25 SR o DSOS 1) B R, RSB A G f SiE ER u M R RIEN f =Ku+e,
H K HIBICE T, e AMeE . MR A pMA R, BRI S 3G 22 o kg s
SN E L) — P, e T EURAE S oRE I FE 2 B F T A I M S L R e e B
BR[7] [8] [915F1# 2 3= A 1o H T8 7 (45 35 A7 B 1l — 7 % P T B L 20 A o FLd o 5 11 1 15 3R 1) 5k
R, SRR A SRR IR —RAE S

AR 22 B0 5 kbt 7 ) PR S R R B AR 2 DL Rudin 28 A 1014 Hi 38 F 4242 43 (TV, Total vari-
ation) FIERI AU NHEZL N A K. Zhong S5 A[LLJF&H T —Fh HE N 28 7 88, i R0 &2 i ik v
MRS N BORDRI G, W] DAARAF B A0 SR BT AR YRR AN Liu [12]38 4 T —FR A BT 1 kb
M PR R R, A TVETES AR HE SR Rl b T /NI HE SRR T IR T TR A B IE U AR TR [A]
PR AL A Rkt g 75 SR AL I BB P2 A R ER B IE S Cui SR A[L3]IRH T “dE + dBY” RIEIE
STFASERY,  RVASE Y ] i EL A R o P A B 00 & TR N PR R R I T, AR B R R R 24 B
BHAMRM 8 . Liv S A[14]01E 7 —FhBE T Lp VSRR MRS F T 00 20, ORAIE 2 5 1) () B of
RN AT A R AR o Luo 85 A [15]7E IE U I 5] N0 £ ek 25, 5% FH P 8 85 4 % fi 22 (SCAD)
BRI E AR T, BT H AR AT DA AR S A e 2 P kv 7S S Yuan S5 N[16]RR A ik
WP RETE, 255 DU e BAGIE T LO-TV MIRRER R ALAL, JF BARHH T — Fhas 5 B ofe B wh B 7Y ik
ITRAR AR, UESE T AR XS T 55 & kg 75 IR A BUE AR R — FhAE SRR B

W AERAMBL[17] [18] [19] 7 VETE BUR IR A R4S 21 T ) V2 BN, a8 G 45 1 B A ik
TR RS, W LLIA B A 1 SRR . Selesnick 28 A\ [2014 A8 1 HEZL 5 AR BiAH &5 &, 1% 73R 7T DA
AR T A R EG SR P 2 B . Luo S8 A [21148 H T HRET S5 X0E L1 YU
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2. HEHIR
2.1, BKHIREES LO-TV =

OB K v ngE R L A Bl ML AE UK b B 75 (Random-valued impulse noise) 5 L L ik b i
(Salt-and-pepper impulse noise). B4 R IR 3 AE AITE B 9 Umin, Unax]s | AR EIIBLE, Uil 3(u;) 4>
R ARG R AL SR BRIR R R, D0 PR ik e gt 75 PSR A R I B2 A o i F

BB MR — 5 £ 45 WL (R M 0 ST O, [ U]

d,, with probability p,,;

g(ui)z{(KU)i, with probability 1-p,,. v

PERBK MRS . — € B 4 LR R N Umin B Umax:
Upin,  With probability pg, /2;
(U;) =1Up,  with probability p,, /2; @)
(Ku),, with probability 1- p,,.

Hoo K NBIE T, pr 5 pep 7301 9 Bl HLARL ik e gt 7 5 A0ER Pk e 75 (10 e 72 2% 2
LO-TV EME B FA T F 8- Rk N -

min|O e (Ku—f )], +A[vul,, 3)
Horf o FORMAIAFGIRML, A4 P E 55 K L & T P 5 286 0 < {0,1)" Hf & #67E, 24 0, =0 I,
FORKPLEE | MLBEMERENTEME; 10, 200, KRXFTNEE | MLE MG RE BN T E. 176
A, BADEBBCEE B, M E G IR U Unin B Una B, XTR2 O, BN 05 Mg K]
BB R v BOLAER, xR0 & E N 1.

I R (3) FT LA b 3R 3 Bl LA P4 240 AR 1 B0 K 1) BT (MPEC, Mathematical Program with Equili-
brium Constraints), HE#RER MR

min (L1-v)+2|Vu[,, st veo

O<u,v<1

2.2. EBERBHTIEN{L2S

TV IR S EM B e 10 5 B MR RE s P AR B DR, B IR 1E AL %3 (0GS, Overlap-
ping group sparsity) [25]7EflHI SURDN L B RAFIRECR, W TAERIEE, 48 s RrA Mg =51

Oo(Ku-f)[=0. (4)
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Figure 1. The structure diagram of Wavelet decomposition
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3.2. HREKRE
XM R @) IR AF, E AR T i, SINGBIAR R d, z, ¢, W R BAN IR
2L 7] L

min (L1-v)+40(d)+ 4, c|,, st ve|Oez|=veOo|z|=0 9)

0<u,v<1

Hepz=Ku-f. d=vu. c=W(Vu).
N EXT ] Q) AT R M, B S RIIEIE T RO B H R

L (U,V,d,Z,C,pd pz pc po)
=(L1-V)+40(d)+ ||, +(Vu-d, p, )+ ||Vu—d||2+<W(Vu) C.p. )+ 2|[\/v (vu)—ff (10)

2

o
+(Ku-— f —z,pz)+?3||Ku— f—g|f +<VOOo|z|,po>+74 Vo

Hb oy pov oo~ po e ARSBAHRE, o o, a5 o Z& ZIRTT B T 240
HRA A B 7 [ e 142, 1 R (10) AT LASE B 81 7 %1 i

u* <—argm|n<Vu d*, pd>+ ||Vu dk” +< —c* pc> "\N vu)-c ||
(11)
+<Ku— f-z ,pz>+?||Ku— f-z || ,
Vit <—argvmin(1,1—v)+<VoOo Zk|,pg>+% voOo zkmz, 12)
d“* < argmin 2,0(Vu)+ (Vut —d, ol ) + L vu*t ], (13)
d 2
! 4, || +<W (Vu) —C,pc> (Vu)™ —c g (14)
AN <—argzmin<Ku"*1 —-f- z,,of>+%||Ku"*1 -f- z"2 +<v‘<*l o) o|Z|,pg>+%|Vk+l o) o|z|||2, (15)
p[liwl(_plg +a1(vuk+l_dk+l), (16)
Pt Pt a, (W (Vu)<* —CM), 17
pf+1<—pf+a3(Kuk+l— f —ZM), (18)
Pt pf +a, (Vk+1 0Qol|z"" ) (19)
BN R EAT 0] AT KA -
1) E& u-F i, (11)Jt§€1ﬂ‘?
2
Uk = argmin 2y — d* +’O‘TI (Vu)-c p_f+ - -z +’0: (20)
2 o a, a,

WP — B i U261, 1 B (20) 75 R MR R I T u T R4
(alvTV +a,VWW V + a3KTK)u =V! (aldk - X ) +VWT (azck —p§)+ K" (0:3 f+a,z - p ) (21)
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4. EWERE S

ATTAETT TR0 2 Ik PR R s AR ik OGS R K /Ny 512 x 512 & (ImageA, ImageB, ImageC,
ImageD, ImageE, ImageF) AT 17 FLikES . iEMT MG WLIE 2. ASCHEIESLERE MATLAB R2020b HidE47, H
FELAN T & > Windows10, Intel(R) Core(TM) i5-6300 HQ CPU @ 2.30GHz.

ImageD ImageE ImageF

Figure 2. Clear images used in the experiment
2. LI E R RYEME %

S FH = B L ST ST L I8 SRR, N7 S50 EN 7 T Dy 309 FRIARUER Ik 7R ASLALLASEA e 7R 1R,
Horh BRI 0 B B R SE N 7, JEIRARAORRIEZE N 65 SFIIRIRI I T x 7 IS BIBOIAZ H0IE B £
FEH 3, BEIAIKSE N 30, %% LO-TV 53%[16]. HNHOTV-0GS #9%[23]. LO-OGSTV Hik[24] 54 7
HH RS RY SEEAT SR 6T b o BRI PR 52 T 1 2 R 23 S B Rl sl AT R, AR S R HRER
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Figure 3. Comparison map of the results for deblurring Gaussian blur (ImageA)
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Figure 4. Comparison map of the results for deblurring Gaussian blur (ImageB)
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Figure 5. Comparison map of the results for deblurring average blur (ImageC)
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Figure 6. Comparison map of the results for deblurring average blur (ImageD)
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Figure 7. Comparison map of the results for deblurring motion blur (ImageE)
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Figure 8. Comparison map of the results for deblurring motion blur (ImageF)
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Table 1. Evaluation index results of restoration using different algorithms for remote sensing images under impulse noise
F* L PR ETHEREGERTREEE RAITNIERER

TSR YRR eI L ]
(A CA7R LT

PSNR SSIM PSNR SSIM PSNR SSIM
L0-OGSTV 26.43 0.7867 26.93 0.7973 26.95 0.7983
HNHOTV-OGS 26.16 0.7771 26.54 0.7864 26.51 0.7869
ImageA LO-TV 25.63 0.7621 25.84 0.7659 25.82 0.7585
ARSI 26.59 0.7888 27.02 0.7978 27.10 0.8004
LO-OGSTV 25.89 0.7961 26.48 0.8089 26.19 0.7910
HNHOTV-OGS 2557 0.7835 26.02 0.7941 25.76 0.7890
Images LO-TV 24.72 0.7633 24.88 0.7682 24.75 0.7578
ARICE 26.05 0.7970 26.63 0.8093 26.30 0.8185
LO-OGSTV 29.08 0.8458 29.39 0.8529 21.75 0.8171
HNHOTV-OGS 28.82 0.8384 29.04 0.8429 27.41 0.8080
Imagec LO-TV 26.80 0.7953 27.07 0.8055 2591 0.7581
AL 29.17 0.8465 29.46 0.8581 27.84 0.8185
LO-OGSTV 26.36 0.8301 26.79 0.8396 25.90 0.8143
HNHOTV-OGS 25.92 0.8182 26.23 0.8259 25.24 0.7977
ImageD LO-TV 24.62 0.7720 24.87 0.7810 24.07 0.7420
AL 26.47 0.8321 26.88 0.8403 25.98 0.8161
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Continued

L0-OGSTV 24.78 0.7983 2550 0.8011 25.24 0.7932

HNHOTV-OGS 23.94 0.7800 24.41 0.7905 24.42 0.7854

Images LO-TV 22.40 0.7368 2251 0.7398 22.42 0.7238
N R 24.93 0.8085 25.64 0.8100 25.38 0.8024

L0-OGSTV 27.99 0.8607 28.32 0.8706 26.91 0.8335

HNHOTV-OGS 27.44 0.8564 27.77 0.8619 26.30 0.8314

Imager LO-TV 24.65 0.7962 24.81 0.8045 24.40 0.7740
AR 28.04 0.8661 28.40 0.8716 26.97 0.8434

gre BIRTT LS S5R, A IR M B KR R IR RE, 0 5 Ik i 7 (2 TR R R ) B T 45 R
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WOt A SR P 2 2 A L A2 5 6 3 PR A /N AR R 1) LO Y MCHEAT R A A L pd /s
W7 1553 590 5 58 B D5 TR F- 120 SRR BEAT SR, AT 2 i s B PR R o AN S5 9 R R T K g
PR BT . PR B B R R R
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