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Fig. 2 Number of published articles by year on remote
sensing data fusion and its proportions in articles on remote
sensing (data source from CNKI)
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3 JeEtiE R 17 61 511
4 UK 14 78 365
5 W R 10 36 429
6 R R R 10 6 25
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10 VKB RE: 9 22 427
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Table 2 Numbers of published articles by different organizations
and their TLCS and TGCS in CNKI data source

He44 Bl SCHREL
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2 T IR B A SR A R 5 T 29
3 P Tl R 20
4 JERUTRE R 17
5 PO PR R 15
6 RRETRKY 14
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FaH A2 13
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Table 4 Numbers of published articles on different journals and
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Fig. 4 Evolution map of remote sensing data fusion research keywords from 1992 to 2018
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Table 5 Remote sensing data fusion methods based on the category of resolution improvements and mathematical principles

FETHERR JR3

il ik SCHRR A
Principle Component Analysis(PCA) (Shettigara, 1992)
Intensy-Hue-Saturation(IHS) (Tu 5%, 2001)
Brovey Transform(BT) (Tu 5§, 2005)
23 [ AE 5 T} IR
Gram-Smidt(GS) (Aiazzi %, 2007)
GS adaptive (GSA) (Aiazzi %, 2007)
GIHS adaptive (GIHSA) (Aiazzi %5, 2007)
Wavelet Transform (Nunez 5%, 1999)
High-pass filtering (Chavez %, 1991)
HeiG AT SN Itk Zo RS Curvelet Transform

(Nencini %%, 2007)
Contour Transform (DoflIVetterli, 2005)

Laplacian Pyramid (Schmittf1Zhu, 2016)
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EFHEDR JE3 filE ik SCHR A
Smoothing ﬁlter-b'flsed intensity (Liu, 2000)
modulation
TR Spectral Unmixing (GrossFlISchott, 1998) (Bendoumi 4%, 2014)
Nonnegative Matrix Unmixing (Huang 5%, 2008)
Coupled I{Ij(:lrgll?)(g;t;ve Matrix (Yokoya %, 2012)
MRGHA Bayesian Linear (Ge %, 2007)
Maximum a posteriori (Hardie %, 2004)
Stochastic Mixing Model (Eismann*lJHardi‘e , 2003) (Eismann#ll
Hardie, 2005)
432 DL (Wei 25, 2014a) (Wei £%, 2014b)
gL Compressed Sensing (LiflYang, 2011)
Sparse Representation (Huang %, 2014) (Wei 5%, 2014b)
Analysis Sparse Model (Han %, 2016)
ANTHEEE DNN (Huang %, 2015)
MRAMEZE T BYDNN (AzarangfllGhassemian, 2017)
PNN (Masi %%, 2016)
DRPNN (Wei %%, 2017b)
MSDCNN (Yuan %, 2018)
3D CNN (Palsson %, 2017)
STARFM (Gao 5, 2006)
STAARCH (Hilker %, 2009)
ESTARFM (Zhu %, 2010)
mESTARFM (Fu %, 2013)
A PRI RWSTFM (Wang#lHuang, 2017)
RUCTIN 3 27 (Huang 45, 2013)
SADFAT (Weng 55, 2014)
STITFM (Wu %5, 2015c¢)
STVIEM (Liao 4§, 2017)
MMT (Zhukov %%, 1999)
STDFM (Wu 5%, 2012)
P— ESTDFM (Zhang %, 2013)
i I 4 MSTDFA (Wu %%, 2015b)
WRITTIE (Amorods-Lopez 55, 2013)
OB-STVIUM (Lu %, 2016)
AR AL M MRS NDVI-BSFM (Liao %, 2016)
FF DU G A AL A T (Xue 58, 2017)
gL SPSTFM (HuangfiSong, 2012)
EBSCDL (Wu 4%, 2015a)
HEFELMPRA T (Liu %%, 2016)
bSBL-SCDL/msSBL-SCDL (Wei &£, 2017b)
CSSF (Wei 45, 2017a)
WAIFA (Moosavi %%, 2015)
N T Rk STFDCNN (Song %, 2018)

(Tan %%, 2018)
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Fig. 5 Schematic diagram fusion methods emphasizing
improvements of spatial resolution development
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23 [a) 4k $2 T 5 09 3 BECHE 17 3 F2 (Ghassemian,
2016), fBRIZ(E)ZGREEAE T LLH M (x1, -+, x0) €
R¥PmFR AL LI PG) e RYFERIR, Hi
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M’ (x{,-+x,) = F (M (x1,-++ , xm)) (1)

Krp, FABGEH I OC R . 158 AR R4
Ja . BEH A S AU S Y B B 4k Sy e s ] 4
PEREAR, WREIM (y,-- X m)o AT IAETER
B, fERH R Se T L EIVE L . X d
SO AR ARAE AL UEA T 1 A A5 B Rl & 5 1 B 4R
My (X1, %, = F (v, ,x'm)) ()

K, OB A A e
i FAY 7448 (1)IHS (Intensity-Hue-Saturation)
A He(Tu %, 2001), HIBFRGBARZAS i fy i iE | 5
WIEE A3 o, Hrp iy zs(a) o & R 2L T
sREEs R, R i o () U
Ak (PCA)(Shettigara, 1992), %5 i 2 A8 e

W 2R BRI B R s 8], HAE —
TR M E, BARFENELR, B
B0 i AR — Y (3)Gram—SchmidtF
ik (Alazzi 55, 2007)%%, ek AR =2
JEHE RS ) B, R 2 BB E NS —F
W5 2t RN TGS AR e, IR IR 4 0 B e
MEE— T, IR ARG Rl G R EUE . IAh
XA BroveyZE #:BT(Brovey Transform)(Tu %%,
2005)%5%

JRLo3 R B R RE AR R S (R A3 R, (BT
DG YE BAF B ARFRRE I KA. N T R P IX A )
R, EE R TV 2B 0 T B 7 R AR
JETENGSA (GS adaptive). GIHSA (GIHS
adaptive)5F(Aiazzi 45, 2007)LL K I Be 24 i 5w
(Chen %5, 2014), 7E—&EREEE B 1 2065 Al
A B RDGIE R EN L,

3.1.2 SBHWESIE

Z 51 PR BTk (Multiresolution Analysis
Method) 25 IR B A 70k o ANTR] 0 93 14
—RIVEAR, AR HER ERHTRG, &R
PEAT W AR AR AT Rl A R B RAR . X 2oL AR
M e R BB FIASF-0fT, 155

My = Myt (x1,X2,-++, X)) 3)
XL p e RDVIEATIRIRER) S0, 753
PP )

PARAR PR ERBIEE, TEARRE -
SMELG, WIHMRLG R ()BT, W
¥ 2 IS AR A B B AR B 5 — P B
(18 J8 53 Ry AR B 4 S AR 0 o3 it Lo, AR5
AT BAR B RS S A EHE ;s (s, B
R @A, BIB9S b0 i sy
SramEN S A BB b, R TR AR B RS S
R -

I 2 5 PRS0 07 A = B D HPF
(High-Pass Filtering)(Chavez 5%, 1991), /N5
(Nunez %%, 1999), curveletZZ#t(Nencini &,
2007), T V-1 U8 A9 58 B2 JH ] (smoothing filter-
based intensity modulation)(Liu, 2000), contourletZ¥
#(DoflVetterli, 2005), Laplacian pyramid
(SchmittflIZhu, 2016)5F . 2243 HER A5 HEARTT
LA 7 VA RE S BT ARG (5 B, (HEEK



610 Journal of Remote Sensing

#2019, 23(4)

B AT AR AME, A S B A AR R
(Yuan 5%, 2018),
32 HEENEHRANRSEE

TE [e] S5 4 £ T 9 5 530 0k 32 B I o il
AT R GG B OGS s PR m e R . ot
AR TR R BN s o i — 2t
TG, BRI s g s 5 T 2 6 A 1Ol
e PR, E6HT/R . AHXT T Il ) 23 (B 452 i
AEAYE, BETEAS WAER TR R, SO O
i A Y SO =K O o S Ol R I s WSS A XY L
ok M N TR BT .

S N P 4 55 N D e SR SH e
Fig. 6 Schematic diagram fusion methods emphasizing
improvements of spectral resolution development
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2 I Ak A i vk R R Al A O B

Z e RV, LN E i x e RS RlG 8 B0 =2 [H] 1 ¢
A LE R, B
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Kb, WA T HINEHE R G A s
Wk 23 RIS M R R UL 2
TR, Wk 2otk 13RI B N PR A
FHCHECE XCR A Z 0] DA R — > 955 25 0 480 1) @it
(Yuan 4§, 2018), A ARFMLHRFZM, I
SR, FRIFE AN, A5 ke iR
Pe o DU AR SRk DA SR B TR o

T i IR 2 T A R X B AR T A
TFE, e —AA RO X B B S R 2
AFEMEDEERIR A, Bim . 2 d a5
th 3 JC (endmember) Y6 i & il & (fraction .
abundances) £ PENN A (Adams%E, 1986), FT6
MR RS, EERE TEEMOE, W
FF TR JS AR O A8 57 3R A5 Al 258 (Gross FlSchott,

1998), AL o B 5 T35 SREM(Sun 45,
2015)55 o H PO IR 1) 22— 2 GG i R fl
A (Bendoumi 5%, 2014), FEERERIE AT IE
INHA
Z=EA+n~EA (6)
X, EerSAUE A BB SHY i 0 4 4,
A e RONERn DI TT I F R . ARARK(G)
[Epinizy 2L ESE SNty 2L T IYE. Ty
H=EAW+n=EA,+n @)
M=WEA+n=E,A+n (®)

L, He RSB B EDOGIEEDE, MRV
SRV RIIEI B SN €/ I (SR =D gy &1 T E N s
HHLHY E, o 2GS R SR A 1 o TR R o JE
X G E TS BORIS EJ TR ARE,,, P
/MR ZERSIGA, BAGREAEEHEZ, THR
FETF OB MR T & R MR 1 HE TR R 53 (NMF)
B E G ikt & B, iHuang%%(2008)
FEH T NMF LIS NME & B LR 72, Yokoya
SE(2012)F HIZE G GTE e W A s 9 B ek RO 7. 1A%
JERAF LI ARE Y I BORT A Al 67 6 B 5 A 50
AT T EEE DR

BE ARG 1 1 02 i WL AR Gt 9 5 vk AT Rl
B, FERET MR AR B, R RS Y
B R WA, Rl 5 R 508 AL A R0 1)
() ELSCAE, 3 3 AR BOULI A A w4 A 1 T
SR BRI AR AR e DA T SR A A il
Gl B SEUE, NS 1 B ELG E AL
o Horh B ARGR I B N RS R MAP
(Maximum A Posteriori) (Hardie 55, 2004), Ef

7= argmaxp(Z|M,H) 9
Kb, ZHELG ER AR, MR ) E 52
Z OGS, H O WL B Y S O B
p(Z|M, H)>R 76000 2 M H 5 3R 15 Z 0 f R HE=E
FHIDIHEEN], FHRARK(S), "G
Z =arg minC(Z) (10)
X, PR EEC(Z2)H
C(z) =%(M— WZ)'C,'(M -WZ)+

1
5(Z—pzm) Copy (Z—pzim) (1)
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FUAME SRR UL (Hardie 25, 2004), 385 SR it
KRR BT RREEAE, IFE A S B THIR
BRANA AL oh, URMERMER G
T4 A7 FE AL & # B SMM(Stochastic Mixing
Model) (Eismannf{lHardie, 2003, 2005), ZktEN
MR (Ge 55, 2007), 5/hE45 4 (Zhang 45,
2009) (Zhang, 2012). 43)Z D nH R Rl (Wei 45,
2014a, 2014b)%,

il 1L 2 38 12 1) 5 2 e OO0 5 0 4 e Ay - i
LB RN B R B R IR K B 2 o R 1 oK A
b R EOF B 2RI Al G B 25 1 EUE . HERE
pUNS

X=Da+n (12)

X, DM 7, o A RE, HhEOR
a K E MG, A

mingllally subject to ||X — Dall3 < & (13)

XA, Mo ovEE, A AR TR AR,
e HHR Y% . W TIZ IR R — S NPHYEA] S (Elad 45,
2010), EH LRI LA, SRHE, B

mingllel; subjectto || X — Dalf3 < & (14)

TE(14) A 2ER QAL AR LAY, R IR
FEIR I DT AR U RIS B B, s iE AT RS
BigEd, WwHTEA RS BEA(LifMYang,
2011), Fiigi#ik(Huang %5, 2014) (Wei %,
2015), fENIFREEIR(Han 55, 2016)55,

LA o3 i 5 RE S A A £ T 2 06 E s
GTE e e, I E 28 (Rl 4 LA B R A
RO o SR 3 ik O Ak 3ok 0 2 5 7 4 P O 0 A A4
ik, FESCPRAGad R, etk A AN REHE
T2
322 ATERE

R R Z AR T R AL AR R 1Y OC R 2
RPER R, SR A I 15 2 5™ T 5
TE o [R]EE P Ak 2 O 1k 1) 2 08 S MR 56 36 21
(Yuan %, 2018). N TH BB ZEE T AT LM
% BRI SE, BB RLFINF S RE A
FrpgARR R . N T ML 45 (Artificial Neural
Network) /EHHU A W 20451, XML T4 H
A a7 B H A SRS . HIL ARSI

K
y=f[zxiwij+b] (15)

k=1

X T — A (xr,xo,x3,00,xk) . A E IR
%, 1B AN EwAEL R, MRS
FFE R (B Z Rl i/ o 38 2 IR i A
WHEw, LML [ s> ifarfs 2 0 R 25 R
MHEGM N T, B— LTl
2ok A E—Eramaonnit, SEMLIT
PR F LA B, BT A B A I 2 A oA
VNSRS N A B & 4 ) o N o 2 2
2% CNN(Convolutional Neural Networks )i iz i 57
& Ry I AR U T XA S, CNNAY B — S pl 28
AR — B, HARBEOR H — AR 2T
FEOEAE, X123 [ RRAE A Jay &Rk iy T A5 7 B
RiE o MR TT T U CA T — 2 4 sk
HRHER B

K K
YiJ = f b+ Z Z WnmXi+n, j+m (16)
n=1m=1
A ERIER
y= fb+wen) (17)

KL, *UEREHIsHE ., Tk, MERES
TR R AR TE, WA B I35 WIF 58 1 FH IR B o
2 5 vk R ER RS . BOrE R TR
R PR 2O Z BN R S5 K
] 73 38 22 615 AR Z 18] 1 56 A ] AR Lk .
Huang %5(2015) 15 UCH TR FE #l 28 X 25 (DNN) X 22
JCIE R A AR IERT 7RG, TEDNNAEZ YA
TN T BB, BEN T Rl TR
TEMEERN b, ~AF R T ARZRILWIPNN(Masi
4, 2016). MRAHEH THIDNN (Azarang#il
Ghassemian, 2017). DRPNN (Wei %, 2017b),
MSDCNN (Yuan %5, 2018), XF T &Gkt
FBlE I FE 48870, Frosti PalssonIJFH T 3D CNNAH
RIXS = G A 206 i AT 7RG, O T ek EDE
TR B R BT A e, X OGS R
1T TRE4EAL IR, AHXF T MAPR L BA B = AS
(Palsson %5, 2017).

BET R 2 2 W5 T 1k BORS BE AR X TR
A SRR TS, R S L Y 20 AN [] 43
PRLARZ R ARLRIE R R, TIERB R . SR
BT CNNPYRETE T, BRSO ARG 2% 1
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UESE, [AIRTCNNB TR E et R, HLAFERT,
HXREAR R BR R, G HEARRE R D
1O AR AR I B Rl 2 2R

3.3 MmERE4HEFHREEE

TR ] ST (1) 2 58 P 11 5 B30k 32 I o B3l
Al AR ADL S 50 2 B A A 2 SRR, DA IR B e () 4
FEFA9 B Y AT ) B (] 452 0 A 5 B A
Yisth 2t — 2 tiEnl = a G, B LA
FHMODISE 5 Al LandsatZ I Fill A 3R A5 i 2 B AH )
H A LandsatZs [A] B8, 7R, S8
B 7 VA B R, et e gk N T3

Ly
HB{A o

P 7 T TRV T R RS B s
Fig. 7 Schematic diagram fusion methods emphasizing
improvements of temporal resolution development
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Fisf 1) 1) U0 Fsf () 22 P b S e A AR AL, HAEASTE
KXH

wow
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L(xi,yis tk) = M (xi,Yis 1)) (18)
Kd, oy REBRITOE, ol BAR B,
L(x;,y;, 1) 0 Landsat 52 S 28550 (55 5 4 BE 3 S i %
BARLE), M (xi,yi )0 © TR AE B Landsatdis 7 9

FMODIS S5 FER (BT R AE 2 1 3 PR
PR R E), whIESIE O R
AN, (s ywp) MBI L HSTT, Wi AR
JeSMETORE . B 7B 25 R RIAEE.

STARFMH ik B AR A 5 T8, W)™
Z, (BB EA IR R, (1)STARFMA ik BARTE
T AR S B B RAF RO, (A EASGE R
RN BE RS F . (2)STARFMIRA 5 8
ST R, (3)STARFMAK A FMODIS{E 4
PR oo el . A R T o B X IX 28 )
ML, FEANUET Tk, WISTAARCHAEAI(Hilker
45 2009). Enhanced STARFM&.7:(ESTARFM)
(Zhu%, 2010), mESTARFM(Fu%, 2013). RWSTFM
(WangfliHuang, 2017). BR T % WLAY ] DL —3 21 4h
PR A LS, B2 i)z b H T
TR FE B Bl A oSG 8 8 s (Huang 55, 2013),
SADFAT(Weng %, 2014). STITFM(Wu %, 2015c¢)
25 P e NDVIEHE & iiSTVIFM(Liao %5, 2017)
A

B PRACEE S e TR0 . N2,
HEMREET: ()RR Pk FEHbE
B AR AN BEAR GF MU AT TN . (2)F% SRS 2 [E] F) A
KRARBEAAUE . ) shE 1 R/ANESEL
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BT B A A3 i 15 %) B[] 4 42 - 5 B 1
[ RE L T, RS F2.2.1705 .
AR GA AT T LR R AR AR B ) 1 5
Bo TR AR IR . MR L

DT TR R TOLIR LA IR AL, 5
PEUL1.37%7 . 8 WAL BRANR (Song 45, 2018): (1)X}
e 25 [ A AT AR M B 28 s (I (1) 3R
i 1Y 5345 ORI 25 ] v I A B 2 17 O3 i
TR (3)38 A b 12 () vy B AR B5CHE A 1 R DA
S A AR I AR, R Rl G S Y e 2 [
e ISP AH e o W T B A MMT OG5 i TR 580
(Zhukov %%, 1999), STDFMM#E Z(Wu, 2012),
ESTDFM(Zhang %%, 2013), MSTDFA(Wu %%,
2015b)%, BRIk (soft clustering) (Amoros-
Lopez %5, 2013). OB-STVIUM% :OBIA(Object
Based Image Analysis)(Lu %, 2016)5% ., FET%i%
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B INRE G R AR I 8 S AN [ I RH AR 2Z 1] 1Y
KF, 2| W) 218 BRI 224k, WINDVI-
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HSARBOTHI SRR, WA MR PR RIS
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TEPE LA L 1o 73 B 38 5 A8 ) v e 8 ok At v RUBE G
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G, 2017) FHETHERGE Ik i I0 S TE T A EK
g Bl 7 A% DL

BT Mg R IA R G Bk, B RN
B BT R 23K B I 23 il 5537 SPSTFM((SParse-
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Fusion Model)(HuangF1Song, 2012), 3% & i ik
RIAGHET G B AR AR 1) 22 S GO AT R G 7
MGk, I 2% ) PA 0 5 o 2R S AR T
JE AR S R BRI B E G, MBS
ARG EEAR . XSRS E
FHEWAREN T V2 TR b AR IA RS T
YHEBSCDL(Wu %%, 2015a), F:TELMAYELS s
(ELM-based method)(Liu %, 2016). bSBL-
SCDL/msSBL-SCDL(Wei %, 2017b). CSSF(Wei
4 2017a)%

BET AL o3 A 125 (0 1) ) 2 412 T B
IR RENS B A I (A 4 B ACR , Hi T HU R

PR N BE IR R R, FESE PR G
FRHOHE LA 2 o
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DAL I AG 2 3 R 2R R TR B 2 2] 5 Wk gk A 7 I 25 il
AT . Vahid Moosavigh & /NI Je N T
25 M 2% ANN(Artificial Neural Network) ., H i b #ff
ZLBIM #E B R 5 ANFIS(Adaptive Neuro-Fuzzy
Inference System)LA K 3 ¢ a] 2 LSVM(Supported
Vector Machine), #2H Fitill i AH 1 Landsat# AT ML
P EIWAIFAB % (Moosav %5, 2015), ITAF KB
P2 M 45 CNN(Convolutional Neural Networks)t 2%
i, A CNNZEAT I 25 il 5 #9534 AISTFDCNN
(Song %, 2018). DCSTFN(Tan %, 2018)%:i%
R

N TR Rk B8 2% > I 3y w1 ) i 2
AL SRS R Z R AELPE R, A T4
PEOUAR 53 05 18 AR M R vERA PE o (H 2]
H{E S 5 MR T . SBIE A G, BEMN
W28 SEAAEATE AN REAS B R AP OOR, A2 K
WIAEA KNI Ta]

4 FhEBHEEIR I

24, ROV BT ZMA L R,
G AR RS AR anfeT, XS] S, O
5RO R RE ey, FRE M TS
TP o A AR E TR T R T H AR
SEER, RIS T Y S B AR BRGB A AR
AT EHALEXT, BRSO . B2 L PR
fliml & RRSCR . E B PP IE TS 8] A BUE DF-
febriE T AR IPAL, B R B AR H bR
PRI . Moy 4325 45 I R iR A7 /A ITAG . I
H, RIEEEASEEG, WG RNy
BA] 4 M WiZs(Jagalingam FlHegde, 2015).
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A S BN RG TR 5 B AL
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SEFWaldEN (Wald, 1997). Wald i 4035 9 355
7, —2 P (consistency property) L K& Bt
(synthesis property). — P45 il & E R BOX7EFE
KA R BAEBO’ N 1% 5 I AR AR B AR . &
PR B URAR AOFIB LB RAE 575 3 1 Bl A LFN
B2TE Rl G Z J5 AR5 B EE AT LU EUR 1 AO RS/
NSEEE . AERETEOT . WalddfE W 7E Rl &
BT P Fa AR, BRI N A —E
FR il (ThomasFIWald, 2006): (1)%HE 0 Mg p
F, MEMITERL s (2) 00 A% 3 FH P OB T R SR A
%

A S AR RS VE 5 b5 18 3 i  H 8
W S EH B LRG B Z BNt EE . 2510
4t B ARG SEBRL A BRI . W LAY
Wr¥8PRA I Fi SAM(Spectral Angle Mapper) (Zhang

4, 2009), itk B SID(Spectral Information
Divergence) (Chang, 1999), i F KM% 5= 45 %%
UIQI(Universal Image Quality Index) (Li 2§,
2012), ¥R 2ZZRMSE(Root Mean Square Error)
(Wei %5, 2015a), HXFHLiEIRZERASE
(Relative Average Spectral Error) (Choi, 2006), {50
FHESNR(Signal Noise Ratio) (Zhang %5, 2009), I&{H
{5 M L PSNR(Peak Signal Noise Ratio) (Huynh-
ThuFIGhanbari, 2008), #i7Z&%{CC(the Correlation
Coefficient) (Alparone %, 2007), ZEFILIS%L
SSIM(the Structural Similarity Metric) (Wang 55,
2004), @A IRZETEIR(ERGAS) (Zurita-Milla
4, 2008), FHH2EMB(Mean Bias) (Yusuf %,
2013)5 . SIS IIEA | AR S5 SOk
L3ke,

xR 6 BEEZBHMEREITNIER

Table 6 Fusion result assessment methods with reference image

WA R

PR ik SR LG g 25
WI B Bt

S EEE SRR S A BIRGTTAU, LUZBOLIE KB N (Chang, 1999)

W HSE R SR BB BT 2 BRI, DU B EdR

N st
G i 2k o (spectral distortion) it v (Zhang 5, 2009)
HHEG R FIHSE G SMA G Z 22 . BED T 20 mA 5 2 [ 4n .,f
" RN v v (Li %%, 2012)
R WAL
WHNEESE G SR G ZMIRE, TBEEGTE, S0k G e
PR e
AR R 2 W, 3678 K B2 (Total Error) \ N (Wei %5, 2015a)
AHXS P " e A et B 1 T _
i TEX PRI b, B S FOETE AR Y BT A I B B R 1R J (Choi, 2006)
. K SERGEMA RGN EER IS, SHEREMES, TRHE,
ey st
fri¥h it B IARH % S v (Zhang %, 2009)
W (5L TEYH22(MSE) Rl I, dlad A I d AR S RIS USRI 221 J (Huynh-Thu il
R A, R B A AR Bk Ghanbari, 2008)
AR FREL TR RA AR 55 % ARG S MG It N 22 T AR S R 8L v v (Alparone 5§, 2007)
A R S 2 D A A T
SIS Wi AR 55 %R ﬂﬂﬁ’)ﬁﬁiﬁg J7 2= 5 22 Skt e A AR ) J J (Wang %6, 2004)
/UL H
RLE AR ) _ . . ita-Milla 55,
BREEEUE RSB I, IR AR IR IR R NI (Zurita-Milla %
Tabr 2008)
w2z LA RGNS 5 W BB A 25 (AR Al i Al A AR v (Yusuf %, 2013)

42 ZTESEBLBRMSITNIER

ERIARE G b, %2R HMELL K
B, PR, R R an 2 DL S Rl AR
Wi, TEIRAR ) oy BER RO b T8 An 1A, A6
ZEARRES BAn T HEEA L, WG
L PFM s A To 2% i FE AR QNR(Quality with
No Reference) (Alparone %5, 2008), #J{H(Mean

Value)(Ghassemian, 2016). J5Z:(Variance)
(Ghassemian, 2016)F1475 1 2= (Standard Deviation)
(Ghassemian, 2016). {5 B#(Information Entropy)
(Ghassemian, 2016)F1-F-34# Ff (Average Gradient)
(Ghassemian, 2016)5% . &M EFRAHEE . A,
AR S FHI I AR T
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Table 7 Fusion result assessment methods without reference image
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RELELE ik EE S Y S EER
Tt Tt Tt
_ ATWEMESEEIE, WRIRERIL, SRR E LA A
é;‘ i SR 9> N — /L‘A’
B e, BT RS v Y (R pagone =5, 2008)
B Rl R A T B MR W T 18T T35 1E J Y (Ghassemian, 2016)
R Rl TR B I B AG AR XT TP (I 0 25 s 1 J N (Ghassemian, 2016)
i Rl TR B I B AG AR XT TP (I 0 25 s 1 J N (Ghassemian, 2016)
15 B Bl R R A I BRI 5 B J Y (Ghassemian, 2016)
SRR P B SAR AT R 25 B ER A, RAE RIS W R \ v (Ghassemian, 2016)
+ > " . g - .
5 4 ® FBUE B EUR . /N RLA SO A Al R

i SR E i A i T L RE 4R A R AL B 1Y K
b, EJL RS RI TRKEMERE, W TEE
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PETHEARIARTR], 18 BB Al A 1T Lo I A
[ AEEE TR Al A S . ST OIS T AL S
DL ST R 4R TR A R . b, RS
FEALIE, BT (] 4R BTG Rl A SR T 4 K
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ZHHE 28R PETE o AN S TERLA . B2 il
A RIPIFIHEAR T, BRER . 2 3% YRR
LRI

(2) UL RIS . LS AR . AN
T AL R B 1 A, TR A A% B 28 B8 4
A, RIEZRW W Z ML REERE s AT ok
— RS, KIEEA WS EREE . H
LLAMIARSF Z RSB AL

(3) Al A BRI g . FEC A AL LT
ek, AR AN R, WMESTARFMUZTE
STARFM#A L L ibA7ektk, 46 7 A A2 il
(I 25 il A RS B s L TFMAPREBOEM
SMM ., Zeth Ul mtdlr . 202 Dt S 0k, M T
MAPTERE EE _&RA BTt

(4) Bk a s . FIR R T,
HRBAE— 5 5 A B A s R, st

Bt iU, BB R JBR .,
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Abstract: Remote sensing applications have been promoting the development of satellite sensors and their performances. The satellite
sensors are now possessing higher and higher data resolutions, and it in turn greatly facilitating remote sensing applications. The improve-
ment of spatial resolution makes it possible to precisely record textures and spatial features of land covers. The improvement of spectral res-
olution makes it possible to precisely classify and retrieve parameters. The improvement of temporal resolution makes it easier to record the
temporal changes of land covers during different phases. However, due to the limitation of sensors, satellite data can not possess high spatial
resolution, high temporal resolution and high spectral resolution at the same time, which greatly hinders further remote sensing applications.

Remote sensing data fusion is one of the effective solutions to deal with the problem of limitation in sensors’ resolutions, which is to in-
tegrate data from different sources and with different resolutions using algorithm methods to get richer information than one single image
data. In recent years, the remote sensing data fusion methods have been greatly developed and related articles boost in growing numbers and
importance. Thus, this article aims to systematically introduce the remote sensing data fusion and its current progress. Former reviews of re-
mote sensing data fusion divides fusion methods into different categories. Based on processing levels, the remote sensing data fusion meth-
ods can be divided into pixel-level fusion, feature-level fusion and decision-level fusion. And based on the data sources, the remote sensing
data fusion methods can be divided into homogeneous data fusion, heterogeneous data fusion, fusion for remote sensing observation and sta-
tion data, and fusion for remote sensing observation and non-observed data. And this article adopts another category system which makes it
more systematic and comprehensive in mathematical principles.

In order to systematically indicate the current progress and developed history of remote sensing data fusion methods, this article first
did bibliometric analysis on the remote sensing data fusion articles from data sources from Web of Science (WOS) and Chinese National
Knowledge Infrastructure (CNKI). The data was preprocessed and has removed duplicates. Analysis including the aspects of yearly publish-
ments, countries and organizations, journals and key words to see the history and trends have been done by Histcite, Bibliometric, Citespace
and Endnote. Then the remote sensing fusion methods are systematically introduced. According to different resolution improvements, this
article firstly divided the fusion methods into three categories: fusion methods emphasizing improvements of spatial resolution development,
spectral development and temporal development, and based on that we further divide them into subcategories according to different mathem-
atical principles. And the basic principles, some of the important methods, the advantages and flaws of these methods are systematically in-
troduced in this section. Also, we did detailed instructions on fusion result assessment methods including methods with reference image and
without reference image. Under these two categories we further introduced different assessment metrics and its applicable scenarios. And fi-
nally, this article made summaries of these fusion methods and described its features and directions. And finally makes predictions of future
trends in remote sensing data fusion methods.

Key words: remote sensing data, data fusion, image fusion, fusion quality assessment, document analysis

Supported by National Natural Science Foundation of China (No0.41830108, 41701404); National Key R&D Program (No.
2017YFC1500900)


http://dx.doi.org/10.1080/19479832.2010.551522
http://dx.doi.org/10.1109/tgrs.2009.2017737
http://dx.doi.org/10.3390/rs10040527
http://dx.doi.org/10.1016/j.rse.2010.05.032
http://dx.doi.org/10.1109/36.763276
http://dx.doi.org/10.1109/lgrs.2008.919685
http://dx.doi.org/10.1080/19479832.2010.551522
http://dx.doi.org/10.1109/tgrs.2009.2017737
http://dx.doi.org/10.3390/rs10040527
http://dx.doi.org/10.1016/j.rse.2010.05.032
http://dx.doi.org/10.1109/36.763276
http://dx.doi.org/10.1109/lgrs.2008.919685
http://dx.doi.org/10.1080/19479832.2010.551522
http://dx.doi.org/10.1109/tgrs.2009.2017737
http://dx.doi.org/10.3390/rs10040527
http://dx.doi.org/10.1080/19479832.2010.551522
http://dx.doi.org/10.1109/tgrs.2009.2017737
http://dx.doi.org/10.3390/rs10040527
http://dx.doi.org/10.1016/j.rse.2010.05.032
http://dx.doi.org/10.1109/36.763276
http://dx.doi.org/10.1109/lgrs.2008.919685
http://dx.doi.org/10.1016/j.rse.2010.05.032
http://dx.doi.org/10.1109/36.763276
http://dx.doi.org/10.1109/lgrs.2008.919685

BRhEARHES

M5 eA
About the Cover

EHAARESECaER
Hyperspectral image of Suguan Asea in Gansu Province, China

HEER 7 OHS-2C( B8 )IAETRT X018 ¥ 8 A 16 EFRAHREEN EuyireEe 4 28E®. OHsS-C( #E5—-3 ) AT RE-9°
TERF . SRS NFRAREEERLAEVFCENSC SSRATREE, RENNS M EFReEnTRAS  ANCEWATIE
R AWRGEE | DT 2019 48 8 BERE S EER. S8 OHS GETRESER 1 fTRSEERT 10 m, @PNET 150 km SN
WIS, M OHS AYGEDRIMASEERS 150 kmx 2500 km( B0 3757 km) , IIIEI‘]'IIISdEEH‘ﬂIIH‘"I HTFNER

limmmmmmwummmmhmmwmﬁxm 1} hyperspeciral
satellite on August 16, 2018 The features of sandy land, vegetation and road are cleatOHS-2C (Guiyang-1) hyperspectral satelile belongs
1o “Thuhai-1° satellite constellation, which is 8 commercial remote sensing micro-nano satelite constellation launched and operated by
Zhuhai Obit Asrospace Technology Co., Lid. The Planned conslellstion consivis of 34 different kinds of satellites. Al present, theee video
satellites and four hyperipectial satelites have been launched, and five sateliles are schaduled 1o be launched in Auguit 2019.Each OHS
hyperipectral satellite is equipped with a hyperspeciral camera with spatial resolution mose than 10 m and width mose than 150 km. The
maximum imaging range of & dngle OHS hyperspectral satelite is 150 kmx 2500 km (ie. 375,000 square kilometers). Four sateliites can
achieve global coverage swcanning once in about five days, and multiple visits can be made daily for specific areat. OHS hyperspectesl
salellite has & spectral resolution of 2.5 nm (400—1000 nm). It can tesl the subtle differences of spectral information, which can greatly
improve the ability of information acquisition in the research area. It has greal significance for quantitative analyss of remote sensing
information and more refined recognition of land features. It can be widely uied in agriculture, lorestry, water conservancy, emfronmental
protection and other fidds.
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