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Abstract: Aiming to take full advantage of the backward scattering characteristics for different land cover
types in different temporal and polarization SAR data, the recursive nonnegative matrix
underapproximation ( RNMU) was used for the fusion of multi-source SAR data, and the fused SAR
image was used to achieve a high-precision land cover classification. According to the characteristics of
different SAR image modes, the input SAR images were pre-processed firstly, and then the matrix
decomposition of the SAR images and the iterative solution of the optimal matrix were implemented based
on RNMU. To verify the effect of application of integrated SAR image on land cover classification, taking
Da’an City in Jilin Province as an example, RNMU was used for the fusion of multi-temporal VV/VH
dual-polarization Sentinle —1 SAR image and HH/HV dual-polarization GF — 3 data. The main types of
land cover in the study area were classified with the fused SAR data based on RNMU. The results
illustrated that SAR data fused based on RNMU algorithm had sound performance in the land cover
classification with 93. 11% overall accuracy and 0. 86 Kappa coefficient, which outperformed the Gram —
Schmid (G — S) fusion method with 6. 83 percentage points and 0. 12 higher in overall accuracy and
Kappa coefficient respectively. The attempt of multi-source SAR fusion provided an effective means for
SAR image fusion and provided more high-precision data resources for land cover classification.
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Fig. 1  Study area and sample points distribution
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Tab.2 Quantitative evaluation of different fusion methods

A ek 7 =0 SD MAE H SNR/dB PSNR/dB

R:VV 77.38

S—1 G:VH 63.85 5.48
B:VV-VH 74.67
R:HH 59. 80

GF-3 G:HV 66. 81 5.58
B.:HH-HV 80. 50
R:HHVV 83.98 25.99

G-SHha G:HVVH 102. 64 48.82 5.87 4.43 6. 68
B:HHVV —HVVH 109. 59 64. 50
R:HHVV 86. 48 4.63

RNMU gt & G:HVVH 89. 61 27.83 5.88 8.83 14. 37
B:HHVV - HVVH 98. 46 43.31

3.2 THBESEERSHN
3.2.1 L AVH Y S RN R 1 53 BT

b 1 O S 1] RS R R R R SAR 2R
P R KRR 3 Al IX 6 A
GF =3 Btk ik (HH (HV) T%{%ﬂ S—1 Xk fb(VH,
VV) AR VA S 10 J1 S =1 XAk (VH VV) 5248
B M W) Y JE BN R A L, AT RVE W, TCiR
JETEWETAH S —1 ) VH FI VV 524G S 76 BB A 11
GF —3 HH 1 HV &b KR BA AR R 5 1) 8
SPF 2R BN, S Y b O B A v 1 i T I R B B
b JHC Al FE b R b ) S T IO R R I R

JETE HH A1 GF — 3 ¥ b, Kk Ak 5 i AT 2
A RN A Y - H B T SR R A T AR i A
SHC At P ot R b P FS T RO AR AR AR B S
MEHLAE S—1 /9 VH AR A6 F B0 ) )5 1] #5055 3R 5K
SrEERAL T VV Ak BAE GF -3 1) HH k)5
] R B AT BV ik, R, B R R
S 1) HCS 2R B Sy 4 0T 1) A L T b AR At ]
SR SAR AR AS [RI AR AL A W] B AH 1% 722 1 4 e
it — 2 X 4,
%TEEM%&KI@%%E’J%&%%@%E
Bl 4 4548 TRl AR GF—3 SAR 52141 S—1 SAR g



IS
i
TP
Hofth A b
U

-35 =30 -25 =20 -15 (—}3()
J T U R EUdB

(a) GF-3 HV, 2018-06-16

ISEN
P
T
At ]
HEE T

B0

-20 -15 -10
Ji I B R EUdB
(d) GF-3 HH, 2018-06-16

I 3

-5 0

Fig. 3

RS

L Al

KEE Bt i A b ki

| |
1
b © W

|
[T\ J-TRL
W O ¢

m
=
=
N
W%
=
IR
=
=

5

(a) GF-3,2018-06-16

T w2
T Al
i Al

0 KA B

(d) RNMU1 SAR%%

=25

AN T s AR AN ] 43 A 5 150 it 80 3t 90 s 1) 059

Histograms of different temporal and po

KA
it
phva A
HoAtl A H
LI FH 3

25 20 -15 -10
J& U RV dB
(b) S—1 VH, 2018-06-16

PN
Pt
biTAi A
HoAfth
U

-5 0

$55%/Haz

-20 -15 -10
JE T 5 dB
(e) S-1 VV, 2018-06-16

-5

larization SAR images in bac

b ST
A HAh

P i i 2

(b) S-1, 2018-06-16

30

By Ai

catter coefficient of typical objects

+ R w2 R

Ak

T K B A

0
=5
< -10

=
W& 20
2
P

(e) RNMU2 SA

HoAth
Fiith

-25

TKAK
izt
el
HoAth 3
HL b

=20 -15 -10
J& MU R BB
(c¢) S-1 VH, 2018-10-14
LN
B
TP
oAt
HU

-5 0]

-20 -15 -10 -5 0
JE LT A2 dB
(f) S-1VV, 2018-10-14

240

o HA
Ji

il i e

(¢) $-1,2018-10-14

2

Pl 4 T ) 1 O AR R S8 AN O 22 Y LR

Fig.4 Comparison between mean and SD of typical objects

{25 RNMU fil 4 /5 SAR BRI (LRARE 22 o 3L
LT RNMU @S, 20 45 7 F5E X 10 H S —
1 VV Ak 5215 M6 J GF -3 HH k#1584 RNMU
B AR VVHH 245,10 7 S—1 VH ffb i
% F6 1 GF -3 HV i fbiZ 134 RNMU 533k il 5 75
# ) VHHV 5214 (VVHH 242 fl VHHV 52188 i,
5 RNMUL) . 6 3 S—1 VV Ak % .10 A S -
1 VV e b4 M6 A GF -3 HH # ki 182 24 RNMU
YRR A5E VVVVHH 244,6 A S—1 VH #fb
%10 A S—1 VH#AL#ARF 6 A GF 3 HV # 4L
A% % RNMU 55 3% @i & 19 ¥) VHVHHV §% %

w

(VVVVHH $ 14 f1 VHVHHV 21 &, W5 M
RNMU2), HEI 4 WLLEH,6 1 S— 1 3T
RN Al b AR Bk I B Ay R b Al e HL A
B B O R B, 10 H WF 9 X AR R A B
WAk, B b 1 IS ) S &R AR I TR, A [ b ) B
A ) A A8 A0 R 1 2 S AR B B, T 248 RNMU @il &
51814, o & RNMUL 21444 & RNMU2 $¥4 1%
2 M 2 ) 22 S 1 R, DR G Y b 2 22 T
(8 AT 3 e 5 T Ao b 2R ) B A 228 S — 1 AR BRAIC,
BE e T T ¥ R (S — 1) M 2 FEAE 1) — 3%
PE o B A R AS [m] B AR S T8) 1 4k 19 2 U5 SAR 52

PA=A
N2




531

Zffl 4. BT RNMU B2 24 SAR ARG 5 L g w02k 197

BHATREG  RERL G 2 T AME B, 15 B AF 1Y 4
RKER,
3.2.2 pRECRS

R 53 A Rl G AR AE 1 M BT 5 43 2R 0 P R
ek, 43 3 % BF 9% X RNMUL $% 4%, RNMU2 %1%,
6 7 .10 H S—1#%4M6 H GF -3 KR4 G-SHl
BlEEH(FHE R G —S), N KPR I 26 4%
(Maximum likelihood classifier, MLC ) #f 1T + i & 55
SRR R H 6 Hs S —1 18,6 H
B GF -3 28,6 ] 10 H S—1 32186 H GF -
3 AP BB MGG LB R R4 ). b

N

IKAE KR

Ki
it Bl
T bisA

HCAth i km
I 0510 20 30 40

HAb A
VL

0510 20 30 40

5 rTRLE W, R G- S AT RNMU2 5244 34550 1Y
K AR FE AR A ], 15 P M b A0 Al PR A7 A AS
) R 3 200 o R T 4 M B 25 R 2 AR X (] 5
T AE PN X 380) 7 R 30 0E X3, B 3 m 3 R
Google i iHE BB 5 S -1 % 1.C—-SEBEM
RNMU2 SR #4747 B A5 R Ll s ik, W&l 6 i
R, S-1 B REGERMEIL,C-S EBEM
RNMU2 5245 43 1 /Y #b 26 300 8035 . RNMU2 5%
1653 1 g 1 R b (2T €0 A [0 A B o ) B 2 3 S
H,G-SEBEPRERKRZ,S -1 G4m0 B
T i3 B

I\

I
Hi
Bt
km LAt FH s lm
EEVE L 0510 20 30 40
(¢) RNMU2

K5 A [l Bt B a6 o 26

Fig.5 Land use classification maps based on different data

(d) RNMU2

K6 Bk IX A b B 55 00 2K LA

Fig. 6 Comparison of land cover classification in verification area
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