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EABMRRTMEENESHEREE

A

wmE, &, BW, ¥F, WX, K#F

PR RIEARPITE B Hhos AR RS %, JLAT 100094

B OE R HEARE R Y R A s A B AR T R E A B S B R E R DT IR TR AL
HEA IR IE R BRI ROCRAEAE A . g B AR D G5 A A R AR 21 W 5 B, AR 2 — ol
R A figp DR R SR AR S TR L. BT, AR SCES S R s Rk SR S B L o Big, SRl T —RR S
Fi i 2 s R R F) R R AR 7 AR Bl U (MSR-SRR) o 3k il )5k LB IR (97 25 A8 el ) i M 2R A Ry S 3
PR, A IR AT R e OB 7 B AR A, AR ER Tl R ESREARA GG S, W EXR A
AR CBTRRAL T BEAT T IE AP AR B %07 A AR ACE A 11 S T 3R T O IR A, P T A
HEBATRCR, g TRARSTE . O TIEMI TR T kB A3, MSR-SRR 45 R SR SIHfi{E . POCS I IBP 5%
Bea 4y I vk A AR A REAT TR LU . S5 ERW], MSR-SRR J5 vk (A MG I B P 48 7+ T 31.74%,  PSFs *Fi%
VLEERROR, W 22 (HIAE) 1.8415, HORWIRAL T HARTTIE . 9t —A %A MSR-SRR 45 R 1S HITE, ASCLIR
30 TR (GF-4) SARVERFEG], FHSCREm L (SVM) 432675 HE X 43 8 HE AT 5 SR AT T 40 2Kl

National Remote Sensing Bulletin & & 5 4

FIRGEERE . 45 RRW], B IR A5 i R A AN T IRUR AR 40 2845 R, Kappa REFLTH T 9.7%, OA
{HARTF T 5.96% . XKW MSR-SRR J5 & 0T LIA R THAARTE W, F R BROBMTy, G, Asde

THAAR P I

KEWR: wmE, maNS, WadREd, WeEmmnIon, 2454, BN

SIAEX: BE,Z=0E,BH,FE, 8WX,KE 2022 BEERRRTEENEN BEERE EKER,26(8): 1685-1697
Yang X, Li F, Lu M, Xin L, Lu X T and Zhang N. 2022. New super-resolution reconstruction method based on
Mixed Sparse Representations. National Remote Sensing Bulletin, 26(8) : 1685-1697[ DOI : 10.11834/jrs.20219409 ]

1 51 7

1B BG4 HEPR F H#E SRR (Super Resolution
Reconstruction) & F| FH — 4K BR K% (aiz
TG KA R EIMR . A Tsai A1 Huang
(1984) LIk, LR T HZ MK, &k —
B2 R AU R IR . SRR Jr ik KB 45 A
W A (AL AL T2 ) (D7 i o AR I S
faf B, TIIFATAREL, [HARPRACRONE . S EE
5 E RS SR N . U 1IBP
(Iterative Back—Projection) 5 7% (Irani fil Peleg,
1991; Nitta ¢, 2006) . " EEFE 5 POCS (Projection
Onto Convex Sets) %3 (XuflHe, 2017; Lei%%,
2018) . I KJFHAH I MAP (Maximum a Posteriori)
Bk (Li%, 2017; Yang®%, 2018) 147843 TV

im EHEA: 2019-11-08; FENA: 2019-12-20

(Total Variation) B3EZE (BabacanZs, 2011; Woods
1 Katsaggelos, 2017). POCS Jrikfai s, L8, ik
SER A B A AR WS S | TR
IBP 30 BLUL ) B, ELAEAE X [R5 4=y 28 I R
25, HAEMRIEW A S, MAP )k H
B At AT 1 —Fh o> vk, R O
JE AR R RRVE, A SEPRN T . E SR
TV )T ER AR AR T2y, 55 LR
NGAHBTELREN o BEAE TR 7 S BOR R ZEPR e,
BE T A B 2% 1 J7 vE WOV T B SRR (] i A
2017; Sha%f, 2019), {HIZJ; s 2R & 1125
V1N NS

UTAER , IR BUAR 22 5 T M i % 7 114 18 70 R
HATT VR o SR IE o I 2R R B 3R OR AR T
WIGRFEA, B2 BN FAAETUA . HHRRCRR,

BEL2TH . ERELALIR (45 :2016YFB0501301) 5 5 H RBLF 34 (45 :61773383)
FE—EEE N BT U7 10 R EUSHHE > PR SR 9T O . E-mail : yangxue @qxslab.cn
WISEE T 220 W55 10 R EUR EE A R 46 BN 55F . E-mail: lifeng @qxslab.cn
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TERAR I, 5 A8 H (A Ay o s 2 L 1 i A
Bt R R, /NS (Zhang, 2019)
POBGE & F i R P G gt R s s 2780y
(Chang 5%, 2018) idi & 73 Be M R 0 i 1 36
ik MEZEH: (Ramana %, 2018) LHHE A Rl
&R SO R Mg PR Ak . H AR ME R 2 — s
MR R g 2R Tk . (BAEZETEAW 2K,
wr, Liu%F (2015) FishidE (2016) RAEZA
Fi B 1E AL 35T OGSTV  (Overlapping Group Sparsity
Total Variation) WRIZ WP 153 IR B, TR B 16
RN T AR AR Bai5E (2016) #2117 —Fh ik
TR T ) e -1 oR il A8 22 IE AR AR, %)
FLBRAER G AR A AL, B T BEALIE R —
fBeo Zhao % (2018) 4 1 2 T HL AR B 2
B T BRI, (HX I GRREAS R U

TSRS SRR B0 5 S A TR WA 5 THI 4 1) A
—J7 T SRR A P& — R AR gAY ), A4
WM, TRERGEN RS, K, &%
TE PG e B b A e 5 AR S A TR A A
DUARTSFSE PR i . 53— 5 T SRR 2R & SEfi 48 1Y
AR 73 PR AR UG A I [h) 8] B S T RB L s an 2R b H
PRAEAR S B R BR[O, 8 B R R
BAE L.

BT, AR SCRE T — BRI S M g A
B4 (MSR model) , I F & B 4F ™ 4222 50 HONCTV
(Higher Order Non—Convex Total Variation) 1F NIk
JrEIFGIA OGSTV IENIfL &, SAFI T 7E f B
ARG AR A RN, S A A4 ] T HONCTV
TE N RS 72 A B ROR o FRE5 G 5218 ) s ik
AOMr L R s, A g TP R RO R
KA IR A Mg AL R b, SR AT ACE AL 11 32
B J 1k F ADMM  (Alternating Direction Method of
Multipliers) SRR 775, FH H bR ek 800 ol 7325
P, A FEAL R RE ) o T IME TR, A2
BEAORAE, RmMs s R EM R 20Tk
TEPRIE TS B A [, BB A R0 B Y e AR 4

AR, DRIE TR ST,

T2 S AGOR IBCAR) I [ ) o R S 1o J s 1 0
MR AR R —, RO IGE AR
B B T) B P, e T ) B e 1 T R s ke AR AR Ak
N Landsat 5538 8% T2 BURZS M) 0 BERE0 , BE
R R G B Ak, (BE VA, 5%
REERANEAR, &N OCH R ) To 158

B ERg (AW 55, 2019).

GF—4 J2 v [l 47— 5[] P #5445 1T DG4 HL AN
AN EE R Bk L P R R TR, B
o B TE) A3 B3 | A o 5 [ 3 SR RS R AR i 9
A4F S (Lin%g, 2019; YangZF, 2019), ¥
& 36000 km, & 1M2EUEE . 4120150 B
Al — v 20 AN BE . AT WL YA HILTE 2 38 BRI Y
HF T PERL N 50 m, LT A B A (] 4 E
LR 400 mo GF—4 LA 2 A0 UK 4 KA T Hi XL
[P I RSB0 NITTR A SR S 2 RIS
AT E A et st ) TR B T, 4 L L P O X3
AR R HER DA AR (GEUR 45, 20185 A&/h
B A, 2019, PMVERE %, 2018). L, GF-4K
il AR 2 5 i TR AR T R AR A (R A R AR It
THLS, ok o HER T I A R R A R TR
(RHLIE

B F CF-4 2179 =, BURWIE 2 ik i B
ERECTAS, LR E T B AR e T R
J T ARIESAR (015 e FL AN MTF PERE , AR 5 3 ) v
W, 3 BE 51500 K /N LU AEE F /N T A HE
4.88, MELAZRAS 23 ] o BEp UG, ™ EE 5 M )
fF AR B HER % (Jiang %5, 2019) . — ki,
S PR Z B R G AR . PUB & DR
M. WM EE . DERERHEHSRER
MRl BA&HT, —HRERDELST2, ot
— 5 1 23 18] 4 SR AR A R T 1 R A
SR (Super Resolved) FiA (1Li%E, 2018b).

T, ASCH S TR ER MSR-SRR 177
e, R 400 N DA TR — 37 S5 AR B P 4 WA 4 3%
ROF-43218, DGR INRA e &R Ik IT R
SCEO ELIRIE, fEO T B AR DR A,
WA R PERE, WL, SO EE W
AR . TN S A PR E AR
B RS BR N AT HLAT R
2 WL

NS B £ B SR, 43 B R R LU AR A3
REMGEEEZ MRS, L& PR ER
AR H AL S E 2 WA E R . BURAE R R
thZ BN . RIS . TR R A
M), WA 2 B3R R T A 5 AR AT 1 v AR 4
177 68 0 B R AR A Tt 2 22 RIS 40 W R
A B PR EMR . A SR R
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SHERE I GRS, BT
MSR (1 739 B et MY A5 R 3% B 1B At 8] B 7 3%

2.1 EBIBUERIEST

e 18 B R B B Gt A v, A7 A8 1 2 A5 A
N AR AL R A R, 3 R SR AR A R —
AR IR = o PR R MR 0 A R . O
5 EERS /B Bl R0 M P 255 i TR Ak AR 43 B R R
B (ak 55, 2019). #RAr PR E AT 2R
2B ) AT RO . O 5 IR RSB Sl RN e
SE R A Re A T . PRy A
1%, TR AR AR 14 AL AT 55 X 8 43 9 R T il
WS, W I ERE R A R A D e JE A
G ER LA (Li%%E, 2018a).
g=DHMu+n,i=12;--K @)
K, g 25 i MR HEREG DZ T R,
Shy 23 )3 (7 AR R T A B . 1 R B
TEAHE R, R FonBOMIRE T 2, G4k
16 B OGS R GG R R R 5 M,
JE RN W R 0 7 B 57 R L] AR T 10 4 B
T BRSSO L W B bR . 7638 1
e, MR RIS BER AR T R A ERS
SEAZRAG; w BRI & PERER; K2R
Sy HER MG BUR s n, FR o A vp AT M
FJT 22 095 Je inPE M 75 o BRI r i BB T R
R, ONHM R EUR KBRS, WD KA
NEOx N g R m KB R Vo it H 7M.
N X MAEFE, EasRrEEm s e E o AR
MRSy PR R 3R T, ARG S R
PG wo %0 R R 3 i X A i i B 43 S i A T 1
18 )5 A Bk T B o 3R AR TR ) A ST R i B S
1o o HERR R L

22 EFMSRHBHHEERERFE

TSR (1) Hp G AR 04 255K A R
B, AR 222 7 e By R R o) 7 R
B bR 32 2% Db B2 e, S BCE AR R PR
ARSCHE T — b TR B R s A5 Y )
SPPEREETTE, HTRERRE R LR,
S AR R BTV IEWAE g, 7eff B 2[R
I, o F AR PR rP A B B SO0 A 3 2 ) 2 Ak
H SR, B AR T B TV 2 6 R
[ R BB D5 o DR e AT M) D T 45 2 i) Sl

B AR B L WA R B TV AR
P, SRFAFAE N = B TV IR A A% 7 A2 I RCR
xR R B SR A S R/ iR SR
fift SRR SR L2 KM DL AL IR A 45 2R

min%llDHiMiu, - gl + d(Vu) + 2
wllVulll + T, (u) + KlisIl?
A, () R EZHMELE AT, AR IEE
S (R A 111 2 AR T LT T
B LA > 0) Mo(o > 0) ZIENESE, 1
Ok 4 KR A £ TR AR ™ B T DU Ak 1 0 04k
ZH . s R B BB, sl RN AR
(] 32 7 B 5003 YO AR, 2 KA R R
Ky, ERBEHE R R, BUR T, (w) 2 FRIE
LIPPRAEL, WA HELY I, Ik 2 o i R
MR R A . X TS AL Y 0 TR A 1 45 R 2
2 € M Y0 L, PR R, TETE X
M SJEE N B RS, e =[0,1024]1, uly
X [i] e A FEMRAR R MH . He % (2016) Fl Adam 1l
Paramesran (2019) #4720 E B3 7] DL$E & KR A

M. Bk C IR R SES, RETE LT
T (x) = 0, xeC 1
"x_+oo,x¢C ®)

v, H VTR AR AR LR, 4
I F TR BEELAY — B A B RS S (Wu Hil Tai,
2010),

R TR MRS, AR SCR A AE AL L,
LRI YL (Bai%e, 2016), = (2) Hib A KR
PeAkrn) i,

@H%WEMM—&M+MM+
wlloll, + T, (z) + Kilrl; @
sto=Vu,w=Vuz=ur=s

X g XE TR ks I H eRECH

L.A(r’s’ u’v’w’z;l‘ll’l"z’ll’37”4):
A
2
T.(z) + Klisll! =, " (v = Vu) +

IDHMu - g2 + ¢(v) + wlholl? +

%llv = Vull} —w, (w - Vu) + &)
P2l — v ull2 = p," (2 -
) w wlly —py ' (2 —u) +

%wz—m@—ﬂfu—swlgm—ﬂ@

X, plp > 0) RGNS HEGENASHEL, 7 =K
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Willo - Vo || w - Vu | FESIAIX . B, p.
Al SR T H TR T R ADMM J5 8 WF 55 7%
GOR AT B R AL . 20 (5) ATLURE A oK
fift LT 5 A A R

k+1

A
u’' = arg minEHDHiMiu, - gl -
(o' = Vu) + Lt - vull? -
w, (v u)+ 5 o ull;

uﬂw—ww+%mhww}

mwf—uyﬂgw—um (6)
v = argmin%llv -Vt -, (o - Vet ) +

d(v)= argvminpzlllv—(Vu“l+'l:f)||§+d)(11) (7

X . P2 X
w" "' = arg min ?llw - Vurls -

w, (w—Vu ')+ ollwll! =
k
argmin%”w - (V' + '%)lli + ollwll) (8)
2

w

z""'=arg min %llz—u“lllg—ugv(z—uk”)+ T (z)=

arg min %llz—(uk+l+uf§)|li+Tc(z) )
z 3

s“1=agnﬁn%uh“'—ﬂ@—pzu“‘—sy+mmm=

mgmhﬁgmﬁ*+ﬁﬁ—ﬂ@+Kmm; (10)
4

rftt = argmin%llr R R T A

a@mm%Wr+Eg—f”ﬁ (11)
r 4

A, “argmin” FoR R HARRELL,(r,s,u,0,
W2y 5y 5 s ) IS B i/ MELI AR B

T ST B GRS IR R A TR W

(1) RffFult, FEEr, s, v, wz, X (6)
5 R — A A B R R R /M R, XS F
(B REAT —AF PAT A e

u"'=(AM(DHM,)" (DHM,)+p, V'V+

P (V) V+p, I) (MDHM,) g, - Vi, + (12)

P Vo= (V) py+p,(V)'w— s +psz)

TEFEUR w I 25, (DH.M,)" (DH.M.)
MV VERBENRIGH, (V)'VERRTEHI,
2 (12) AT ARG g sR A FET A8 3 1386 A5 4 (Adam
1 Paramesran, 2019),

(2) Rf#oWr, HEr, s, u, whfz, =X (7)

A AR OGSTV iy R 2 e m) it ELARSK fif 7
®Z 0 (Sun%, 2017),

(3) Rfftw, BEEr, s, u, vFlz, L (8) J&
— AN R MR ), AR SC 2R ] Adam Al
Paramesran (2019) #& H fECE AL 11 (IRL1)
YRR . AEIRLL AL MRk, =L (8)
AT ARL AR A L1 ) L

I
wk+1 - argmin%llw _(Vzuk+| +%)”§ + ZZile (13)
w 2 i

[’
%’[xk”=v2uk”+%ad" X (13) ATLIS N

kel . P2 E1pp2
w ' =aremin —llw - 2" + >t lwl 14
gw 2 2 21 i ( )

S YES QR S AR N A N TR S
PRAUER R B A R 8 an R 2 A 73K

- wp
ti - (Ia)il‘l + 8)1_], (15)

K, el N —R/NE R, B RREG S IR R]
AR ICREN SBRERETZIENL . &
BRI & (A A IRLT 3 B EAT 1 338 I 30

X (14) PTRLE T —ZEE PR AL (Beck 4%,
2009) Kfi# o

L
w = shrink(xk+l,£) =
p
o) (16)
max{lx"+ o L@ ,O}-sign(x“])
P

(4) RKfttz, EEr, s, u, vo 2B TR AL
PR SR B B e, 20 (9) B —AEHR
frfgmE. BARSRETT S W (Condat, 2014),

2! =pro(u"+1 + Z:) =
A, (17)
min(1024, max(ulHl + M,O))

Ps
K, pro) E—MEEEL.
(5) KAk s 19 10) L5 5K A aw B 5 [R5 15—
#H, BIASE w1 BRI
(6) Kftr, BEs, u, v, whz, X (10)
g — > EF PSR AR A TR
rk”=argmin%llr—sk”llg—p,:f(r—sk”)=

: (18)
in Papr + Bo g2
arg min = r+ s L

Py
(7) B EHRASPHFR W, p,, w,FMp, 0]
DI
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k

pitt =y (0 - Vet
py = e (Ve -t
pi = ph+ps(utt -2
A R ACR
3 o3 i T AR % AR i R v i
Stk AERRUGEAUT, AR AR 22 B R AR
PR R AR B, OFA /N e (2R B
HE, XAFE R/ ME . BEE BT,
GR2EMOR BN . FERFUCGE U, AT LU A
LR BT 2 7 2 S 0 2 T ol R A AN T IS 280 1 2
PR PN BB A& R e €l h
/MBS R AL
2.3 TRfRERIE R i)/ iE) A A

A GF-4 TLREARR SIS HLEE, it e rh
KRR UHRBOR . 1220153 B m) il ey —
FERYEFE] (CBORD) 43R, fBR5E (2015) L X
ANRI 248 B1 F BS 3 18 22 (] B 8] [8] F 04 Fo e M R4 T
THEFE, BEICT AN [ 41 % S AR T Y 22 4
bR, ERLAN GF-4 SAREE 11> 15 Bl A% i i
I REZ R 7.9 s (BAH, 2018) . X i BL I A4
WA b BRI 2D, i R A 2% L H AR TE A W)
WA RAFEN R . MeAh, o TR 2 3 TR HE B
¥ DEFEEE, RS w5 AR
IS, BOR B AR A AE ™ B LA AR
FIG i T R DRI AR R R A 0 7 ok 32 7t
FUR A o A . A SO T —Fh e TG
AR R Bk B AR B S  . — IS5 T
FRAE ) 5 AR VE RO A B, 5 — s
SR T IR R MER R A . EE R AT
SIFT FYRFAE ) 2 VC e 5905 R4 T ML G v, 0 /s SR )
TR SO P TC T 5 12 A DR e A B TR TR

BE TR B 1 PRI IC HE 5 125 R 22 R 188 A0 )
Top TC I PRTGOR B T 2 75 RIR, o AR R iy )
HEHp R FE I R4 1) Hessian i B4 7F B — WA 25 HP AR
BB, ORI . AAE (Li4E,
2014) 1 R TG e D7 vk 0y HE b, R R T T
(W) FES(u, v) IZHEUR T (x, y) BIRIPEDT S Bk
SRR R TASEAE R IR RGN B AR R R $5¢
JEAETE FISE RE A2 AL o X ARIE ] LAZRIR

T(xy)=S(up)+m, =

(19)

(20)

S(m,x + myy + mg;myx + myy + mg) + m,

A, u=mx+m,y+ms, v=mx+m,y+mg,

177 m, W 7R B AR R 0 5 2508 . 38 3 AR e R R
GRS, B AR B b EG ) IR AR B AT 24
SR S8, i) X ik 26 45 B A ¥ S U 0 AR
o BRI A5 s U5 P4 B v 3 H b G A b R b i i
5 AR e S8 . XA I s RS % R T
Hessian #if: R FTH R —K, THRARRIGH P
B, DRI EERCR RS
[ ORI By L RS RE T B R A
HEAT B R BE AL B SR A SIFT 5 AiF & D fE 55 9%
(Zhou %5, 2017), 4 BR FG I 25 3k ) Wy 79 1 1l 4%
FRAE AT AR RIE . FEVC Ak AR i, K R i o 1A
14 vp 55 222 RMGERAE A5 A B B8 5 T 14 15 B IR B U
VY5 C, FIWERE 25 A 55 B J2 75 & — X DU fE 5
(JEF7R 4%, 2014),
d(A,B)
d(AC)

[, d(A, B) AT ES A f 3t 19 3 B 2 [A] B i
B, d(A, C) N AFIFEES AYGE 1 5 C Z A IR
f S5 FHBEALHFE— 20 RANSAC (Random Sample
Consensus) FIETHBREERVCHL S o S8 UM BCHE) |
LI HE R 25 RAE AT ICHE RS . BB 2%
B, SRR EE VEBC L ST SEAR IO, DT AR H
AR R, N AR S B S R O ME R R AT 4
B, PAHECHES A R IE A

K T7 ¥, FH STRT FRAE f5 0 o 33 5 1l
I PEIAGON B T B B A 1% ph KR 10K 4 ) 22 )2
ST IS WL R, AT DA R T &
(0 B V)2 BV oK 40 J2 e e 7 . RER T 1 e v
MR, MORRIE R T BCHERRTE .

3.1 HREER

AFF 5 X S o R T VTR BT IX . TR X, b
RIS, T ILARY I 510 R B 28I A
o WG, HBE AR AR R 387 40'N—39° 00'N,
117°20'E—118°00'E, VEIE#T XA 124k 153 km,
Fili BT AR 2270 km®, VEBTETFR 3000 km®, JEIEEHTIX
& T Yk T 2 I B e, O EL A v M
R o XS B S . R LR
AW RN A, 2 X B A oy L ELZE A A
T A i

< Threshold (21)
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3.2 HiERAbE

AR ST P SRR 10 M GF-4 TR 5214 50
PR ERE . GF-4 LRSS HEE 50 m,
m%ﬁﬁﬂhmlmmii<%%zmﬁ (-7
QI BEBON S AR B . S — SR AR 00 AR B ) S

2018-08-24 T 10:30:21, )5 — 5Kt 1% M hi % it
8] & 2018-08-24 T 10:40:21, K THFAH LR E
BROR, A SCHR Y Lk a0 g T =X
3 591 DA 2 ST 50 5040 v AL IX IR [R] K/ IN B 2 1
YENBFFE X I, W 1R .

(a) JFIREA
(a) The original image
1 BFFEIX GF-4 1B 14

Fig.1 GF-4 remote sensing image of study area

3.3 SRIgidiE

M T GF-4 Ji i 52 18 1) i 4 1T #7000 kmx
7000 km, FAEFZAGIE 58 400 kmx400 km, FE#EFT
CF-4 AR HPR A Z AT, 752X P51 i GF—4
Rz Bs (NN, N,) #1757 ROI XS EL Y] .
XTI E  ROT X 38, 3 B (] — Mt/ S 225t
%ﬁﬂ%%%ﬁ%@ﬁ%,#ﬁ%ﬁﬁ%@m@%

o 38 2 SR IO FL ) LA AR e S8, E AR IE
(w4@% fifi @¢ﬁ%ﬂ A7 R XoF 7 DX ke
SEEVAH R ALBR T, f 285 ot 5 o 8] 149 5 15 I o
R @ﬂ@i?ﬂ%ﬁﬁ%%ﬁ@ﬁw%m Bfk
&ﬂ,*%%?@ g A s PR sk, I

PRI AL, SR GSD  (Ground
Sampling Distance) FUEMIEE, 35 AR5
B B TR E ARG R B 4
R, HEa s DR EBUEA 20,
PR T 22 % 6 4 o 2 1) 45 SR R A 7 1 B [ A
S H AT AT B9 POCS FIBP 8975 B I /& WE
DLW | PSFs %5 % AN J7 75 EA TR B PR
Bk, BEARL S RN A 2 IR

(b) JayFR I 3,

(b) Region of interest

| FEBIMGE-ME A BEBR (N, N, =N, ) |

| FFHIF B RONIX 323 D)

|

|
% v |
5 [ omwrsew /| wemwmsr |
[ 4 ' ' |
| |
| ‘/ WAR IR /
| Y |
| | WAL A | |
B e
™ : [tepie f—/vsranae /| }
2 ! |
| |
% | [ e mopERRss | ||
& - (.
| R |
| | 2 2 ] 4 | |
L e

/ A E R R R /
v
| WAL BT 4 |

2 PR E R R

Fig.2 Flowchart of research
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4 AR5

R TR AR, AR SCA S 2 T H A
— LU Sy PR A SR SR IR A5, AR A
7. MERSE POCS Ji ¥k (Xu Ml He, 2017)
FMIIBP J7 5 (Irani il Peleg, 1991) 73 5| 5 A SC 4
(%) MSR-SRR J7 % i 47 5 s 45 SRl i 9P A . 3l
W, BEMEIEAN AT LAy AN 5 & AN PR,
FWPEH ED e AN TRV, XA R 1 R 4140
AR NG 2 B TE AR, i 3 1 5
— T E PR, AKX Rk AR RS S e [R5
SN RS, (HEER A B S g PR 2% .
T3 — UG P 712 B S BTAN T 465 375 O 2
YriR2s | WEAHEMELL . PSF. MTF FISA 1506 20 45
OBV . ARSCH T 50IE GF-4 BSE AL
Bs oy A R B, RITEWIRE . PSF A2
B INE BN 5 7 1L T 45 A BE BRI
4.1 BEBEWETEMNFE

FUG - 53 HEny B 2 R B BR (5 5 .
— RGP R R 2 R 5, ARy
Kiyizah . Wi, KRizsh . BHRESE . LA
FORFESE . ARSCRH TR Wb iy i B vk g,
A5 I BRI T T35 MRV o G0 I B2 S
FREVGF- 486 5, i i vH 55 28 8 1 ) 6 1
BN, AR (Crete %, 2007) 2 H 93 T4
SRR FR K B AR A 0 PG00 Wi B B B R i, B
A
blur, = Max(F .F,, ) (22)
Kf, F, FRAKE AR R IKEAEE, F,
FoOR e F 5 ) F ARSI E AR, blur, KR
SR IRAR K AR A B R AE . %07 VR B SR g
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New super-resolution reconstruction method based on Mixed
Sparse Representations

YANG Xue,LI Feng,LU Ming,XIN Lei,LU Xiaotian, ZHANG Nan

Qian Xuesen Laboratory of Space Technology, China Academy of Space Technology, Beijing 100094, China

Abstract: When processing remote sensing images with complex features, the conventional Super-Resolution Reconstruction (SRR)
methods are often not ideal, especially for remote sensing images containing various non-uniform object information. A universal method to
solve this problem is difficult to construct at present. A new SR reconstruction method of mixed sparse representation model (MSR-SRR)
combined with the sparse representation and non-convex high-order total variational regularizer has been proposed to solve this problem. In
this method, the sparse representation of remote sensing images in multiple transform domains is regarded as a prior probability model, and
the SR reconstruction is completed by regularization. The obtained image not only retains the edge information of the image result by SR
reconstruction, but also smoothens the “ladder effect” of the image. The efficiency of operation and the quality of SR reconstruction results
are improved by an effective re-weighted // alternating direction method. Results show that the sharpness of the image increases by 31.74%
on the average, the half-peak width of PSFs is the largest, and the Gaussian variance value reaches 1.8415. The GF-4 satellite images have
been selected to carry out validation experiment to verify the feasibility and validity of MSR-SRR. The reconstruction results show that the
images using the MSR-SRR method have better definition, richer details, and higher quality than those with non-uniform interpolation, the
POCS method, and IBP method. The support vector machine method is used to classify and evaluate the accuracy of the images before and
after SR reconstruction. The results show that the overall accuracy and Kappa coefficient of the reconstructed super-resolution image are
improved more significantly than the original image classification results. The OA value increases by 5.96%, and the Kappa coefficient
increases by 9.7%. The findings confirmed that the MSR-SRR method is effective and feasible and has extensive practical value.

Key words: remote sensing, GF-4, Super-Resolution Reconstruction (SRR), Mixed Sparse Representation (MSR), Total Variation (TV),
Non-convex
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