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Restoration of Irregular Sampled Remote Sensing Image Based on NLTV
XU Huanyu, SUN Quansen, XIA Deshen

School of Computer Science and Technology,Nanjing University of Science and Technology, Nanjing 210094, China

Abstract : An image restoration algorithm for remote sensing images is proposed to eliminate irregular sampling
effect. The algorithm combines the ACT algorithm and the total variation to restore several degradation artifacts,
and integrates the nonlocal means operator to propose a remote sensing image restoration model based on nonlocal
total variation to eliminate irregular sampling effect, then uses operator splitting method and extended Chambolle’s
projection algorithm to solve the model. Experimental results show that the proposed algorithm can reduce the
staircase effect effectively and improve the detail information of the restored image.

Key words : TV regularization; image restoration; remote sensing image; non local means

B ERE—AHRAANRHOESBARERFT E.ZHTHEET ACT £xFE T 2TV BB L RAER VL F R
AR SRS BENE ZHBEG. FAEASELFHEANMEFLE TET NLTV 69 R RN R AZ R BRI R
BRREEALTHIALEY RORNEBY A FRBHER, RBLEREAW,ZFT ERS AR LR B U4 2
HFRGARAGLG LB MG ZE,

KTV ERA; BRE R ERBIL;EANHM
FESES:TP751.1 X ERFRIZAD : A

XEHE:1001-1595(2012)02-0232-07

ELTE .- BRAAFFLELG60T73172) i 14 A KA 5 A 4 (BK2008411) 5 4 F 361 4 52 #F 5 £ £ (200802880017)

1 51 5

PG 52 i 2 PRI AR T 5 U P ) — A R A T
R AR A ) R 2 AR R S R AR 2 b A A
I o P8 AR D i T ) 4% R AR 2 R P {5
L L SR 7 1 SRS 2 A A 1 2 S 15 05 X
8 AR R O A A B R 3 B 2 S B
UL FAG 1) 2R Ao 160 2% S A () DTG i 78 A= i
{1 328 JER AT 45 25 15 30 A 119 SR A ) T S AN ML D 44 3
{RESRTR L X S W B 2 S 7 2 e SS
B AG PR S0 el T o S PR AR ) o R X A 2 L AN R
SRR B B BOR AL RICR I AN T BT LA 5
ERHIFA A R . B B SIS AR 1 K
JEE . 3 A0S U AT 0 9 25 1) S T 4 v AN L DU SR A
T A 28 R AR B A B T — AN AT Z ALY T
B U A 0 I 22 U & /N ) SR A i 22 BRI 2
SR AR B T T R 22 5 DT S B0 R 2 SRR 22 L Y
M 328 SR A i S I 22 G BE . PR AR AT AT =
AR T3 1 T Bk G B A DR ZR o AN U R A T

QAR 52 Py SR A [0) A ] ) 8 0 SR A AR o S KL ]
RAEE T AE SAR iR & LI K MR
B RGN & mEEAEA

BT TR A B SR AE R L, 2 F AT 2 2 4R
W TR 2RI o ARG IT IR T AR A %
FRAIES R S 2 — 45 5 1 R R
FESL D 7 AT R TR o AH T 7 SR A0, SRE U
Bg . SCHRL7— 814t 1 —Fh bR A 28 2 B 514
AR R B 0 7 5, T AT T B O AL R
(adaptive weights ), 3t #g & B % ( conjugate
gradient) DL & Toeplitz 43 P [ B, PR 2 K
ACT Bk, Wm0 BRI T Toeplitz
o3 BUHE B ) S R AT R TR SCERC9—10 ]kl
Je#s ACT B3 N T4 A7 22 MR AR TR 3R 19 &1 45
SR HEZ b JE A /A R 2207 bR DLk B R
[Fi) BN 975 B AN R0 SR A L R M) L 25 M A S5 H Y
Z G A — S X Rk W I O Y T iR
ARIZ DT 0 B RO R (EAR SR TC L 42 1 S
7 2% J5 Wk A LA B, BRSO ARG A



5% 2

TRM T 2 45 5 T AR AT B A 22 O T B S KL D) SR A% 0 Jg P 4 S I vk 233

P A ™ 018 e 28 L B PR R ) SO B A A R
PRIFHE .

BT 18 SR P AR 1Y 2 W 5 5 I ) R ] N AR 2
HOGHRM T AL EY AR AU 4R R
RGBT R . TEAR Z 1R S e 5 vk b, B 22
(total variation, TV) F i E H Rudin, Osher
Hl Fatemi $2 t  fhy T H A 25 0] g A7 728 22 pR B0
[ o 717 32 %5 [A) R ) BR8P0 VF A7 A0 300 % 55 AN 1 S 1Y
6L R T T A5 A2 it v A B G 1) 30 2 AR E
T3 SR RS 25 05 1 43 P AR SRR RON L B
A AL AT M AR R T s B Al 1 5 B . AR R R
{8 (non local means, NLM) % I J7 ¥ £ B i
Buades 5 A 32 11U, & 1 Yaroslavsky 4B 322 3E I
e P T A S T BB A R AL 45 A B 5 3R K R (B
AT LR B LR H . w5 R 8L NLM
Ti WA A 8502 Wk 1) ] 1] BE 68 AR 4 b £ <7 SO A 4
3 XAV BT S AR 22 U5 VR R R ) R

ARSCHY H Y SR JR iR 4 {5 (NLMD J7 ¥ il
AN BB Z KGR IFAEZR T 115 2 55 /Y 2 2% K
B BLAT B4 Y S0 B AN 25 0 DR A RE 05 AT 3k 3] 5
A P10 228 TR KT A T R AN KLU SR | AR | 2 R A it
SR AR ICES 2 W03 Il U S T 5 R O 4 Hh Bk
F NLTV (non local total variation) (¥ % &% & 14
ZARNERAE B LM T 5 3 AR
25 B TR S Oy 1 i A AR O R A SR AT 40 AT 5
55 4 W OF R A SCHEAT B

2 T NLTV iy RS PR bR A LR
FEPR 520505 1%

2.1 MGHEESERLEESH
5210 9 3 T 28 25 0 0 50 T80 T A %
gQ)=(h+wQ)+tn 1NCA (@)
A= () SR R SRS T LR
U 4 T B2 A B A £ s RE— R g AR
B T LI R s R — R g BB % 3L 8 0 35
PR B e — 1/2, 1/2) X[ 1/2,
12 B s S R T R o 1 T
FUR T 5 g 2 AR 15 511 % B 5 R AL P
TR B SR B 1 0L F 5 4 Oy %% 1K 1A [0,
NTX L0, N AR HL IS BE 5 45 43 11 4L g 76 M0
S RE AR HE R 1A BERLR S » 7T 27
A=Z" Ny +e(ZPNON) (2)
St e R = R? Sy — 3 EL I 9 72 3 B R
1 R U TR 9 BN 2 5 B 3 2

37 5 i 00 K 3 50 TR PR 1R 11 A LU A L
Fe FLA

e() = Da(@)cos(2n(& x) + ¢ x € R’
k=1

(3)
K q=15a, (o) R 0T W6 bR % 60 h 3k 3 30
B AR AR R E AR LT . K3
BEARVG B AR AL E IS e (o) | A LB
O H s AR (o) | A M 1/10 MEE.
TR g B D HAT R RS bR AL e = (e s
e ) FERH B R (M S, HAKSRRE % I et 7% 3
BB 4 2 0 T 66 (2P N

§@O~N©OH  |e|<UT]

e, (&=0 Hofh [

AT.

o BUE 1S e (o) I FRIEZE N ALRD EZT,

B B B IR U A BN RE B R T e
HEL R AR 3 704 4
2.2 HBRAHMNREFERN ACT &%

ACT B35 J2 B4 e A 45010 1 1 75 1000 R
L EIEA AR ER (G
R BN = Ay 22 3005 B B SRR 10 4 1
CIEIE SRS

g = uQQ) = Z a,,e%“”*ﬁ
ue:—%.n-.'zifm
Ee {1, ,N?*} 5)
FAE I TE 54 T 4275
g=Sa, S=[s,]. S/m:g%‘/”’lﬁ (6)

Asa Jy LR AE AR A3 . 2SR AR TR
FoA Xt T A sl T e, U DL B RGO A
BEWTE . O 1 B ARG K 5D iy A
ST LU TE e 2
wp,=areal{x: |x—X, | <|x—A; |, Vj7ZED D)
I B ACT BE I A E AR AR (6) T K 7] el
B AR R oK i n R A X
S*WSa=S"Wg (8

BT NXN ¥ T=S8 WS (W= diag
awg et 2 D)) R Toeplitz s34 M, A I Ta v
A A B D 326 0 A D 3 B3, G ) A e
 Nflog, (N*). X (8) i fi# ATty 1 5 d /) AL 5K
U0 SR A @ J5 o L SEAT 6 L A AR 45 B T A 3
AN T RAENR S R R R B I B TRLAR A 5
2.3 TVHACT HBRAMN REFEGERKRE

TH B AN B0 SR A 181 45 52 D B H AR 2 AR B



234 April 2012 Vol. 41 No. 2 AGCS

http: / xb. sinomaps. com

D PGB A C MBI B A B R A
SATEEE AR AT 22 o LUK A AL
DN SR ALY e IR AL TR g O OL T LR ]
REMAK S I R w. i 20 (D) B R R R B Bk
ACT B3k 56T B8 72 9 T BR AN HL U R A [ 18 52
AL B T 24 TR B O R ) R Ry

argmin% |W(SHFu—g) || % +AJ,(w) (9)

2w

A H = diagCRCED )y ) BIG R

By MTF s F g {8 0045 65 1 £ S S 7 LU SR B
B WSl ACT 8235 o (9 IR 6 4 4 S8 2 1
M%%ﬁdﬁwﬁﬁﬁﬁﬂw:ﬁvu%%ﬁ

T 2o A Y fif 1) A7 A6 M T DA fR] SR b TE B (0 T
TCIEH o A NERAFE AR B S 2 15 S 5 4, PR b At
T firt i I — 1 G TR ARAIE X 2 (9D A BRI - Fr A% B
H 7 B AT R 3L 000 FH IR LR 88058 B i i XK
fife BT SR A A D 2 SR R

TVAACT Ry EMGS J 15 B BE 08 A7 R0 25 BR
TR Ak G T AS D) SR R BB L M 7S 45 SR Ak R
R HREINA TV &5 ) E A 6, 5 R E
PGP AR Ry B 1 B o AR L I FLGT D T AR 8L

FRAN (5 B R 3 25,
2.4 EFNLIVHERAHANMNREERGER
ik

T B BIE TVAHACT Jy ik iy B A BRG
AR LITE TVHACT Ji iy EHELE TS, FHA 2%
8 7 VR A 5 i 11 5% RE 8% 40 A 0 4 1) S0 B A 4
FERE T s HLI/N BB 800 5 N IBIEIR &R

B R AR (NLM) J5 ¥ BB % 16 A %0 25 BR
7 I R B DR A AR B SO A 5 15 S BRI O AR R
FLEMRZ % FH R T . CHRL17 J7E B8 Fl NLM
FEaR TR ST NL &7, NL 8+ A EH
A NLM J5 2 1 7 s I HBE 9% Bt A TE 0] 4k 158
A FRAEZE b, LLSE 5 W & & B YO0 345 2 5 4 Y
fib 3R 45

B LT NLTV A3 BRAS B R AE
P4 52 I 5 Y

arg:nin){] \ILTV(M)+% |W(SHFu—g) | fzw

(10
BT NL 719 528 22 1E WA 5 72

Ty () = J‘ \Y Nl‘u‘ -

J\/J(u(x) —u(y))i*wlx,y)dydx

0 0

(1)
Frpr, NL B 71 32 22 S0 AR 1 B B R B 5 4
LG8 JRy B 3L, 38 3 118 ) A oG SR AR R B 3R
Jai A A NLM J7 3 v 58 &5 2 ) 1% A LB DA
15 B 4515 2 M0 L IR] I A EE L DTG A 1 N B B 3
THNLBEET., 20CH . v.y€Q.NLET
FE S
Vau:0—>0X0 (Vayw (x,y)=
(u(y) —ula)) Vwlx,y) (12)
divgv:Q X0 — 0 (divgv)(x) =

J(v(x,y) —o(y,x)) vVwlx,y)dy (13)

0
FE R w (e, ) IR AT NLM g i =X
’LU(«Tvy):
(G, * |v(z + «)—ov(y + - >\2><0)>

h*

exp(—

14
Ao HERENR GNP UEZE S a 15 A% eR
B h oy s A% AR 8 G R A AR R RS A A T 22
Esvlxt < ) vyt D ARREG v U
Sy KOG R AR POR B R . st (13)
AR PG R S B 235 R B AR L DA i % 5
Ko TEIRER LB, B T4 it 25 1) 5 7 530 B2 1Y
I JE R SR 2R R AR T B SRR R BT
FMER FTR A E — & @ 0 RADANE R
FUE N H ARG R IZAR R BUE N 0, X A5
FTRP A 2 48 X 8. PR k. NLM Jy 32 ik o 224
FHARARLE JBE 3 He R/ 5 4 4k XU RN A 2
B8 AH AR R e RUSE by ok BERH AL BE 19 2% TR
YR 5 A 0 X e RO U e 1 3 S AR 7Y X
B 2 A R DO RO Sy S R RS I B T R
142 Jm i NLM J5 i .

Xof A A AN IR 5 OR Y AR AR R
Bt OB AR NL 5711 Tk 45 B LA /Y
S IRROR TR R A AS B ) SR R 55 AR ) 3R A ]
BREguA TR R 258 15 B Jo ik O R 1A
AR R A] A AR B PRt 7 AR SO fe T35 5
Sy FIR T2 B SRR PSP BR 5 1 B XA
D) SR A 5 A R A7 52 D, A5 300 M 5 D PRI AR5 25 2
A A M E RO R NL B 7 If by 2ome . Hik
T T s E SR K = 10O BUR SR AR R 5C



5% 2

TRM T 2 45 5 T AR AT B A 22 O T B S KL D) SR A% 0 Jg P 4 S I vk 235

ar%mim] ,\[‘Tv(u)-i—% |W(SHFf—g) | ., +

Slr—uli, (15)

AR, Y o B9 R, X (15) 52U (100 F 7,
A Q5 XAl WA 73y skt s

2
N

.1
argmin-o- | WSHF f—g) | +% | f=ully,

(16)
argmind J NLTV(u)+% lf=uly,, QD

Horpr, A 16) J& — A Al Ak ) A, AT LA S B 6 2
% \Gauss-Seidel J7 3% A B Oy 5 585K ff . XD
MPJ&—A NLTV M [m] 5, m] DU ]2 T NL 35
TP R IR DURBGE BIE K g . o8l T
W — > 5 A% (B 3 i Ry PR AN 38 T il T 1) - [
JEH WD T A R B AT D[R] B R AR Y s
P, ARSI kP X 16)  (17) i 47 3%
A B YR AR B S 1T AT B BRAS LR AR | 2o A
BB N AR s AR S 1 Ik 2 R0 A e AT R
Lo AT NLTV 7k LR USRI R R, . B
IR o ORI G iy RS L (H NLM Jy % T
Mg 7 B 5 R Y BE 2 1 B O BB A AR A B A A
P R IR B 47 iy S IR 45 R . X T u,
PR 356 BB, AT Ry RIS A T (TG AS B 0 >R A ] Rt L
H g 50 3 Bk 0 W ), =8 (15) Oy ™ 4% ™ [n] 8, BE 6%
R B BEF43 30 0 86 00 i )y 90 Ly W83 X (15D 1Y
AN SRS a2 (15) 19 4 5 e /MBS, . R I
TCie u, 0] 2 BUER AN 25 5% W B 4 1 3k AR 4
TR SR AR AN KN SR R ] e pl S R
KAEHE S R HA 8 T Tk 3 BRI, 18
I s 25 AN B U] SR A Al B8 AN B B AE wo T
IBORT 1 AR 45 5 52 1 /0N 5 >4 A B 0] SR A i % 45 K
i} 8 ] Tikhonov IENIfLEL TV IE M 46 55 H At
J5 vk WO A2 R AE S WIE BR A5 15 B S 4P 1Y
EAREE L B A% 1D W ST e A S AR IR AR

ZE Bk 3T NLTV [ LA B0 R A B 1%
SE LRI IHYE )y

BB 1 i NUFFT 8 THir,

B2 B w, =0 SUH AT WA (E . m =0, 3
T &R

M o —u, | >0, H m<<max iteru i}

(1) i FH 6 0 6 1ok g f, = F ' (T +
o) "F(F ¢ Hau,) s

(2) X} fo 118 NLM B RZ B wlx.y);

(3) fdi FHER DR 80538 AL K w0 BLARE
L 9]
O B =0,p=0, BT T FHE
B ‘di'Ulepﬂ —divn & ‘ >9., H p<max-
iterp B, &
ot — g+oValdivn& +ad ' f.]
1+wv ‘ Vol diog & +ad ' f] ‘

@ ffi LB 80 B R w = f ta !
Adiv &, Hidr .6 O Ry EA LS H

Q@ p=p+1;

(4) m=m+1,

A3 EACLE R uw B TR A R R

AT LAIER w3 oo 23 (15) 1 i, B 1Y
R TEA FED AR,
B R4 T b SR 2 A8 LU R AR 2R S 1) A
FEVE L TR B A i ME — L R TSR BRI EIE
W] G o 22 Ry B LR . AE S BRI IR P 2R R
MERAE A TE 2 AR R LN I Gl B 05 75 31 R
U 1 52 D 4

3 AEERS b

T R BT AR U5 1k i PR e T 5 A R AT

P, 75 AR R A A R R AL R R B
T SERT R BSR4 SPOT-5 (1
F G0 R i 1 3 pR A (MTF) 5 7
fl(é,n) = tlE eﬂmmsino(%) sinc(2y) sinc (&)
eg€l—55]
K ,a=0.58;5=0. 14, ff = (14) %} J5 16 B4
HEATUR AR 15 2 B A BOWI B AL EMR . RS
MR A BT BUE S 20 AR A A
07 & Il NUFFT 8 %2 16 A 500 3% 4
S WA FE I FE AR A5 3 LA RO R0 AS 0 0] SR B
AR AL S . A SO b, Sy T B R A R
PEL I E A=1,T, =10, B IR 10 EHGOK 2= 30 B
AN B R BE AR . RS R BLEERE Eom A
o= 21 i R

RIS BB Ak 5 TVHACT R &
JERL TR L R 4 R ACT 54 3 47 e dk, TV +
ACT WG B R BELE 2.3 WEAENB. ¥ M
ACT HyEMZ¥ ACT Sk R bR ds 2568,
FMe BT B R B | Ta—b || A6 Akl LY B
INVERR o T=H TH.b=H" b, T 5b [ &
Xhn 2.2 9, ey ACT B0 u: i 3 45 [m] T30 i




236 April 2012 Vol. 41 No. 2 AGCS

http: / xb. sinomaps. com

P T7 5 o TR LG A 25 IR AN 0 ) SR AR RS B9 1) [) 1) 2
TR M, 3 3O IR B 2%

R SR E T m. TV k5 A 30w
NLTV Jy i % 38 FH 2 %ol 1A W) i 358 DLE T
Fe# . HARH A=0.005,6=200,max iterp=10,
max iteru=20, NLTV fiE S50 J7 18 A5
P 2 P RO 10 B S0 e A LA B 22 1k il
WBEN S BRXSBRETHRXTER R
N P K P A g B A D0 T ] AR S/ g R
T R A A A BLAR AL JE A R RS R T A
SCIR B A5 5 B S W /N 5 Ry /b SR s BRI T R
HVCE N 3 BR XS BR & X R /i
5 R Y W PR K A ER N A O B A
$0 DI T 25 W 2 T B R R R A A 4R XA H
8z SR A 2 e AR R A A0 A L AR S
R R LB E O 5 RR XS R B P A R AL
Jgoh=8. 5k T E A S 25 R AR iE
RRPEZR 55 1 (1 g R R R 123 1R R X
123 R Z) A5 5 B8 2B sk i e BLE
B 5 2 MR (A3 by U iR R, 237 R X 237
B FO TR B AN S G B WA FE
TEE . PO EFR A PSNR &5 SSIM i, Hor
SSIM(structural similarity) >A 45 4 #H {2L 5, %5 i
KRR B G AR L 5 I R R S5 M R AE PR AR AT

55 1 45 b L B A R P AU A BN SR A
Mg P PR AR AL R 2R L3 Rl vk A IR 2 SR UL 1.,

ARICT7 ik
PB1 240 5 ik 1 BR S AU SR A 5 o I AT i [ 1%

Fig. 1 Results of different methods on irregular to

TV+ACTH %

regular sampling and denoising

MAER 45 R n] LU B 3 FhJ7 ik 2 RE IS B 4K
U BT BRAS B SR A 1 15 L AR 10 ACT J5 35 &
BB K AR RE 6 W1 0 WL B A7 B A e A, TV A+

ACT 77k 5 A 3077 35 1 52 J5L 25 SR 0 5 g B A

o 2 AR 19 B A 1 15 b Al A AN B R R
PR MR 3 R R K DR Rl P AT 4Rt AT i
K I R W 2~ 4,

R ER SERIALINE] ACTH i

TV+ACTI ik AT
B2 2507 R T bR S N R AR L R BT S e A R R
(123 8% X123 14 %)

Fig. 2 Results of different methods on irregular to regular sam-

pling, deblurring and denoising(123 pixel X 123 pixel)

JRLG S

FERIALEE ACTH %

TV+ACTH ik ATk
B3 25 05 ¥R T R S 00 R AR R R 5 R AT R R
(237142 X237 142%)

Fig. 3 Results of different methods on irregular to regular sam-

pling. deblurring and denoising(237 pixel X 237 pixel)

4 [ 3 TVHACT J5 ik SO0 ka5 R a1y xt
e

Comparisons of result details between TV +

Fig. 4
ACT and proposed method in fig. 3
Mg Rl LLEH M T TVHACT J5
2 AR SO R B A i SO A0 5 SRR RE



5% 2

TRM T 2 45 5 T AR AT B A 22 O T B S KL D) SR A% 0 Jg P 4 S I vk 237

P 2 356 AR S5 3R T B G S0EV R B AR
B R EMG & 3 4T (5 i £ R
MELLSE SRR T A 15 B 8 NLTV J7 i3 5 F 9 #6
SUPR DL R A0S (5 B8 3 T A W AR R AR 5 1 4
(A 240715 %o B ] A mT B S B, NLTV 7 ik f e F
TV Ik AE SO A0 {5 B PR T s HAR 3
553 4l 7RSS 2 AR50 1) AR 1k R LAk
A 2 5 R REERIRBE M, X TVHACT )7
ARSI T R R A R L 5,

HLEE TV+ACTI7 % AR T7i%:
5 AR B BT BRAS BV SR A RO 25 A2 R
5

Fig. 5  Results of different methods on irregular to
regular sampling, deblurring and denoising

with aliasing

i E IR A A R AT LA B AR SO i W i T
TVHACT J5 ik ny & I 25 3 R 1t w5 35 16 52 7
LR IR A B A N R 9 S B AR 2
SEAR L ZE N BB AR AR A BRI TR B 0L, S 3
SRR BOR B 22 . NG 4 )5 19 ARt
BT A AN R RAE RO TR e I R AR 2 R
PN 2R IR Al R E AT WF 5, 5484 R I 25 B
ERBE R A LT B

FEPPA 4545 J5 11 AR 1 AT LA 31 A8 2
ABUERAE G LB g b, TV ACT Jrik 5
ARSI R AR 22 A KL B & T ACT
J7 i o ABTEN AR 19105 L AR SOO7 I W TE Y
FRET TVHACT Jrik, HAEW AR &8
5 P AR SOTT LR A G

£1 HRERTERITH

Tab.1 Quantitative evaluation of the results

PN ACT TV+ACT A
izt DRV J5 ik Jr ik
PSNR 18.05 30. 99 31.41

X5 1 . ;
SSIM 0. 824 0.957 0.954
R 2(123X  PSNR 11. 87 27.63 30. 42
123185 SSIM 0.253 0.910 0.954
R 2(237x  PSNR 17.25 24. 20 26. 00
237 23 SSIM 0.283 0. 660 0. 780
) PSNR 20. 97 21.13
B 3 SSIM 0.608 0.624

4 &

R SCHE Y T — Fof 3 S PR T B AS B SR B 11
PGS I T 1 % ik 85 & T A FUU R A &
ACT FE AR AR 22 UG S JEARE A L 3k 3] ] i 25
P2 R BRI Z W B M. IF B A X As 25
PG 52 SRR A LA B B s 0y LA R S B 1 15 B A
FRe 22 A, 5l AJE R B (E (NLMD [y AR,
i NL B F4 45 8 E 2R (NLTV) DHEE R
JEEG B SC A0 B R RE ) R T
NLTV 32 J8% B A5 1 B A8 8000 SR £ 815 52 I A5
Y, eSS SR i 7 T 08 BEF A BKE R i 2ot
T2 931 o 252 TR T R AS R R B R 4D 55 25
W R A2 B (AR T ) NLM AR 57 5k o 1
R JE AR R AR R T 6 R LA TR
KA . I L5 R T M LR A AU &
e N ) R A L AR M S SRR AL IR R AT
ACT Bk 5 B 2 G G AR, HA S 47 (1 &4
AN AR FERE . Ok N iR R E R R
J5 MR 1% 5 L SAR &5 F | s 46 5. &
BB FE Z RO A5 0 TAEK 2 A XA
TR B 1) 22 iR Ak B 2 ) B0 0E A7 0F 52, 3 3R 3 4 11
il e T

5% 30K -

[1] ZHOU Xi, SUN Houjun, HE Jiwei, et al. NUFFT-based
Iterative Reconstruction Algorithm for Synthetic Aperture
Imaging Radiometers[ ] ]. IEEE Geoscience and Remote
Sensing Letters, 2009, 6(2). 273-276.

[2] BONES P J. BLAKELEY N D, MILLANE R P. Image
Recovery from Irregularly Located Spectral Samples[ C] //
International Conference on Image Processing. Thessaloniki:
IEEE. 2001.217-220.

[3] VAZQUEZ C, DUBOIS E, KONRAD J. Reconstruction of
Irregularly-sampled Images by Regularization in Spline
Spaces[ C]// International Conference on Image Processing.
Rochester: IEEE, 2002:405 -408.

[4] VAZQUEZ C, DUBOIS E, KONRAD J. Reconstruction of
Nonuniformly Sampled Images in Spline Spaces[]J]. IEEE
Transactions on Image Processing, 2005, 14(6) . 713-725.

[5] LE F H, LABIT C. Irregular Image Sub-sampling and
Reconstruction by Adaptive Sampling[ C] // International
Conference on Image Processing. Lausanne: IEEE, 1996
379-382.

[6] CENKER C, FEICHTINGER H G, HERRMANN M.
Tterative Algorithms in Irregular Sampling: A First

Comparison of Methods[ C] // Tenth Annual International



238 April 2012 Vo

l.41 No. 2 AGCS

http: / xb. sinomaps. com

Phoenix Conference on Computers and Communications.
Scottsdale; IEEE, 1991.483-489.

[7] STROHMER T. Computationally Attractive Reconstruc-
tion of Bandlimited Images from Irregular Samples[]].
IEEE Transactions on Image Processing, 1997, 6(4); 540-
548.

[8] GROCHENIG K, STROHMER T. Numerical and Theo-
retical Aspects of Non-uniform Sampling of Band-limited
Images in Nonuniform Sampling: Theory and Practice[ M ]
// Nonuniform Sampling: Theory and Practice. New York:
Kluwer/Plenum, 2001 283-323.

[9] ALMANSA A, CASELLES V, HARO G, et al. Restora-
tion and Zoom of Irregularly Sampled, Blurred and Noisy
Images by Accurate Total Variation Minimization with
Local Constraints [ J ]. Multiscale Modeling Simulation,
2006, 5(1): 235-272.

[10] FACCIOLO G, ALMANSA A, AUJOL J F, et al. Irregular
to Regular Sampling, Denoising, and Deconvolution[ ] ].
Multiscale Modeling Simulation, 2009, 7(4): 1574-1608.

[11] BUGHIN E, BLANC-FERAUD L, ZERUBIA ]. Satellite
Image Reconstruction from an Irregular Sampling[ C] /
IEEE International Conference on Acoustics, Speech and
Signal Processing. Las Vegas: IEEE, 2008:849-852.

[12] TUIA, D, CAMPS-VALLS G. Recent Advances in
Remote Sensing Image Processing [ C] // International
Conference on Image Processing. Cairo: IEEE, 2009.
3705-3708.

[13] LIUZJ, ZHANG Z, XIA D S. MTF Compensation Com-
bining Reciprocal Cell with Shift Invariance Wavelet[]].
Applied Mechanics and Materials, 2011, 48-49; 719-723.

[14] WANG Xianghai, ZHANG Hongwei, LI Fang. A PDE-

based Hybrid Model for De-noising Remote Sensing Image
with Gaussian and Salt-pepper Noise[ ] ]. Acta Geodaetica
et Cartographica Sinica. 2010, 39(3): 283-288. (E #iff .
UL . A B RS T 5 IR M B PDE SR &
MRS LT, L. 2010, 39(3) . 283-288.)

[15] CHAMBOLLE A, LIONS P L. Image Recovery via Total
Variational Minimization and Related Problems [ ] ].
Numerische Mathematik, 1997, 76 (2). 167-188.

[16] BUADES A, COLL B, MOREL J M. A Review of Image
Denoising Algorithms, with a New One[ ]J]. Multiscale
Modeling Simulation, 2005, 4(2); 490-530.

[17] GILBOA G, OSHER S. Nonlocal Operators with Applica-
tions to Image Processing[ J]. SIAM Multiscale Modeling
and Simulation, 2007, 7(3): 1005-1028.

[18] HUANG Y M, NG M K, WEN Y W. A Fast Total
Variation Minimization Method for Image Restoration[]].
SIAM Multiscale Modeling and Simulation, 2008, 7(2):
774-795.

[19] CHAMBOLLE A. An Algorithm for Total Variation
Minimization and Applications[ J]. Journal of Mathematical
Imaging and Vision, 2004, 20; 89-97.

(THERB.FHFW)

Weks EHH: 2011-01-20

fEEBH: 2011-04-11

FE—EEE AN BT A8 B Wk, EEAR T
17 24y & % PR R S R

First author . XU Huanyu (1985—), male, PhD candi-
date,majors in restoration of remote sensing images.

E-mail . xhydtc@hotmail. com

(k3% 231 70
Removal of Clouds and Their Shadows from Multi-spectral
Image[ J]. Journal of Astronautics, 2004, 25(5): 555-
559. (/. B F . WREE. 260 EHG =2 B W
R S5 IHBRLT ). ML=, 2004, 25(5): 555-559.)

[12] TAN Kun, DU Peijun. Wavelet Support Vector Machines
Based on Reproducing Kernel Hilbert Space for Hyper-
spectral Remote Sensing Image Classification[ J]. Acta
Geodaetica et Cartographica Sinica, 2011, 40 (2). 142-
147, GEH, FRIEZE. 5T F A4 Hilbert 25 A1/ A R
BRI 5 ALY R b R R R R 2] IR
2011, 40(2):142-147.)

[13] TSENG D C, TSENG H T, CHIEN C L. Automatic
Cloud Removal from Multi-temporal SPOT Images[ ] ].
Applied Mathematics and Computation, 2008, 205.
584-600.

[14] ZHU Shulong, ZHU Baoshan, WANG Hongwei. Process
and Application of Remote Sensing Image[ M]. Beijing:
Science Press, 2006:95-111. CRidJg, KRFE i, £4a .
B R AL S M EMOL Rt Bl 24 AR, 2006

95-111.)

[15] WU Xin, ZHANG Huanlong, SHU Yunxing. Mosaic
Image Quality Evaluation Method Based on Visual Percep-
tion[J]. Computer Engineering, 2008, 34(18): 220-222.
CROFT kM e . &7 B 1 A0 SRR R Y 8 i P15 U5
PO T I]. SFRALIR, 2008, 34(18) ¢ 220-222.)

(THERB.FHFW)

WKFEEE . 2010-08-16
fEE BHH: 2011-11-16
E—EEEN. PHASI B EL, 5w E LS
U, FE SRS | B AL 3 A =R S T
LIANG Dong (1963—), PhD,

professor, PhD supervisor, majors in computer vision,

First author . male,
image processing,pattern recognition.

E-mail . dliang@ahu. edu. cn

BIRIEE . R

Corresponding author ; HU Gensheng

E-mail : hugs2906(@sina. com





