B AR 2015 4 4525 % 452 #9.157 ~ 162

doi:10.3772/j. issn. 1002-0470. 2015. 02. 007

RE=ZSIERMESKIESLEHEMERETN"

THER" = #"7

("B AKFHHAFEE TREERE 8 E 210098)
("R E AR K dbaE 100035)

2 AR

i NEEBEMSEBRMEER T EARIRE =5 (Z2Y3) L E %k (MS) A
5426 (PAN) B ka6t JT EHAT TR0 KA EA A K-& F 5 (GIHS) & 4,
a trous/N I E 4 (AWT) [ 3E T & # Contourlet % # ( NSCT) F2 NSCT-GIHS 7% 3 45 4 ( A
NSCT-GIHS % 7 )4 F# k& 77 45 2| 7 ZY-3 MS-PAN k& &, F M T b5 &4 4
fREEERBATEFN#EIR. EELITERLN, R A NSCT-GIHS J7 %13 2| ty #k
CRGREENEMEEHEREEA A RM, XTZY3 MS-PAN @& HG, RETHE
WX E B KT R, p XL REW NSCT _GIHS b HENEGRLEXBE RS

696% ,Kappa % %k % 0.9425, 7 Lig o X 2R 5 2 BiF MM — K.
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TR TT R B R AT HRE L. N
B AR AR S FTRE TR O A
Ao AV A A g R U b X R R b R v TR
fiff R iy Pl e S — PR 8 3 B 2 S A
22 D R— IR =5 (ziyuan-3, ZY-3 ) L& D) {45
20 Ak R 2 S M R AT RE . 2% TR RIS AR A
5393 Ny 5. 8m (1 22538 ( multi-spectral , MS) 5%
AN 28 (8] 3 HE o 2. 1m (Y IE 4042 {5 ( panchromatic
PAN) 244, [alsf, L P4 Rl & e R e 4 e 25 1) 43 9%
RN S HER T — 1, A R TR HLAE B4R
., HRET 2Y-3 TEZRIE T A/
o W A BIF 8 01 222 T A 1 M 9 5 T 7 T
AR AR XA . 2 H AT M 1k, {CA Huang %55 4
55T ZY-3 A MS SR M PAN S245 flve i L &
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FR=Z5(ZY3) LB, Ak mb, HEae R ETN, BRdENeE, BiEEH
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1.1 B&EFEEEEMIER
L11 SGi%fE B4k
(1) #H& Z& %X (correlation coefficient, CC) , Fj
TR
cc(l. 1) =

M N

=17

> (1) = G D PG ) = 16, )

(1)
A, 1,3, 1) LeCiy ) 2050 g U5 R R 2 1 15
EAgoehid (i, j) ERREEME, 1,(i, ), 1.(d, j)
IRBEYIE , M AN SR RS RN
(2) A% 22 (relative deviation, RD) , =k

Mo I.(i, j) = 1,(i, j) |
= = ]()(isj)

1
RD(LMIO) = m

(2)
K, 1,0, ), 1y ) 40 5 R IR R L& R
TEARoehiE (i, j) BRREE(E, M AN IR
RN
(3) ¥ J7 #L 1% 2% (root mean squared error,
RMSE) ,5h

1 - < .o .
RMSE(I;,1,) = /M Z RACY) _]o(l,])}z
=1 j=1

(3)
X, 1,(a, 1) LeCay ) 2350 g 5 TR R 2 1 45
TEfgoehiE (i, j) EROREEAE, M AN EERRIR
RN
(4) W& 1{H {5 M [k ( peak signal to noise ratio,
PSNR) , =

PSNR = 10 x log,, (— 2%
Ogm(RMSE(IF, 1,)>

) (4)
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X, max] R KRR RMSE(1,,1,) RTRE
B1,(i, j) FEdEEE 1, j) FMBTTRIRZE,
JGiEE B A8 E0h, CC,PSNR 54 i 1EAH
X, RMSE ,RD 51 AHK
1.1.2 zs[fE B4k
(1) ZEFAHALEE ( structure similarity, SSIM) , 5
H
SSIM(1,, 1,)
= [L(1p, 1) 1°[C(Tp 1,) 1PLS (L 1y) 17

_ 27F70 + Cl 201r‘01() + Cz
- (]F)z +<]0)2+Cl O-f%+0-13)+62
T + C, (5)

0,0, + C,
X, L dy) (C(1e 1) S 1) 73 5 R 45 F A
RUEE pRER 52 BE A3 ot X LU BE 43 i RN S5 48 73 1, o
By REERES a6 L RE 3R A5 43 AU,
W o =B =y =111, 535 hREEIE 1, FE
Sk 1, WKEYIE, o), .0, Bl o, 57518k
HEZE R IT 22, C,.C, \Cy AR /N, B Y2 ik
B s B R HE I FE I 3 AT E T IR C,
= (K,L)*, ¢, = (K,L)*,C, = C,/2,K, = K, =
0.05,L HEME LK
(2) 15 24 Centropy ) ,

L-1

Entropy == > p, log,p, (6)
i=0

K, p, ARERY i FEREAIRER L L5010,
(3) 32 X4 (cross entropy, CE) ,2H

L-1
Pi
CE(1,,I;) = Zpi logz? (7)
i=0 i

b, po WIRER EIREE R i TR IKER L T
5341, g, ARG EUR bR BE RS i e R KR L
NSO i
(4) 7EMr)E (definition) , 2N
- 1 < <
Definition = UN X Z Z

i=1 j=1

/[lu,j) —IG, j+ D +[1G, ) —1G+1, )T
2

(8)
b, MATN SR RSE RN 1, ), 1GE § +
) IG+1, ) 2580t (i, j), (i, j+ 1), + 1,
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W O EERIRUE, o, X RNERFAGOTARIEZ,
w, AXTRNFRSARICHIBUE , 5% R R X R4
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U SRR R L

T )Xo 2 1) o3 S R A 2 A2 B SEELY .
FEEZ 1 X585 A K AR K AR K2, 43
RUEE R 30, JER T 5 B 1508 0.6 F10. 4,
AT — 12 57K A 5 %0 (normalized difference wa-
ter index, NDWI) X 737K AR 5E7K &, NDWI {E-K T
0.2 PXFG R KA, & M EHE KR, B 2 2 TE R

JZ 1 o3 R HE KR s R L REIT B, N A

(a) MS

(d) AWT

(€) NSCT

20, it LR T 5 E)Z 1 IR(EAHR] . T2 oh B
SPSEEEER T4 T 220 XN P BRI T
220 HH MY, N T RSy, S AT — L R
THYIFE 8 ( normalized difference vegetation index , ND-
VI) IR LT B 52 BEAE R T 140 Jf H NDVI K
T 0.3 KX RAKRELIEPE . By NDVI E{E (0.2)
FHR DX RR 5 3R A o 702 R B 30, 145 00CR
LU AR R X A, LD B ¥ e B2 /N T
65 /KA, R T 65 S F Al iy (A0 45 FHT[R] /)
) ZIREIFS KA R . Bedn, MR BEPLR
FERIRNT 73 20 B FEAT IEOY , R IR V8 JE 4 A1
Kappa 5210 2SR PP 24521

2 LB 5N

2.1 MRREHER

WIS XA T VLIRS T F X R & H AR
X, Shy B AR 1) 7 i A e B M TR YR . LA 2012 4F
11 A 1 HAREUW Z2Y-3 LA MS 5 PAN B A5
P8, 1(a) FE 1 (b) fros, Kb & 1 (a) J2 R
% RGB & Al K/NA 1000 x 1000 27T, 4 Fhft&
TrEARRI R RELE G R 1 (e) (B 1(d) (B T
(e) FIE 1(f),

(H NSCT_GIHS

1 (a) MS,(b) PAN,(c) ~ (f) 4512 GIHS,AWT,NSCT #1 NSCT _ GIHS p& 5 E %
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2.2 BEEHEEETEM
SKH CC .RD RMSE F1 PSNR 4 /Y148 ¥ 1T
MAFEIEE R RCIE R AR . ARG A3

OGS S BB ik 1 prox, NSCT _

GIHS Fili 7 P4 i fe L, MR B 7 e IR A9 RD A
RMSE {f, f & # CC 1 PSNR {H, [F]BS3X 4 05
F5% , PSNR Il RMSE {H72 b i 4K, RMSE fE

M GIHS | NSCT _ GIHS A5 i Ji 2 M 34. 715 =
18.8949 ,PSNR fE )\ 17.2886 % 22. 445 [ T 454
AR SO, AR A PR B B IX 53 B2 2 PSNR A1l
RMSE #)" & FI T WP R BB A SN o 3 4 il
B BEARE REIBKT 0.9, th FRR UL T A B 5%
KHIEY 4 FhEh & 7 ik A AR AR T IR R Y
HETERAL o

®1 TRBMEFERINMASEGLEERENSEIT

Sl I LRl
GIHS AWT NSCT NSCT _ GIHS
CC 0.9013 0.9435 0. 9461 0.9725
RD 0.6157 0.437 0.4109 0.2915
RMSE 34.715 27.0627 26.3957 18. 8949
PSNR 17.2886 18. 8877 19. 1497 22.4455

K F i (CE [ SSIM F138 Wi J 4 4~ (] {5 B 45 4L
VARG EUR 028 AR LB o R RIRlS 5 45
By 23 AME D ARG T4 RNk 2 s, GIHS fl
B R B 38 U B S 28 /5 T AWT, NSCT F1 NSCT _
GIHS, 1] GIHS Fili & G 5t it iz i IR T HAx 3 A

il EZ, [RIETE BH T 38 SUJ O o 2 22 1] B Ay 1]
RIX 43 B v Al i, NSCT _ GIHS () SSIM % &,
SSIM {# M GIHS %] NSCT _ GIHS #4117 0. 2912, 4%
FAABALEE B T256 75 08 T BIMR S BE N LL BE R 25 1
B X G o Y IX 53 BE B I

R2 TRBMEFERINMASEG=EERERSEIT

el A AT Lunls
GIHS AWT NSCT NSCT _ GIHS
Entropy 7.5278 7.389 7.3832 7.3888
CE 0.366 0. 0526 0.0447 0.0388
SSIM 0.5724 0.7156 0.742 0. 8636
Definition 8.9982 10.041 9.7955 10.2177

2.3 WEENRHEEMDEBLRILE

FTZY-3 5 MS MR FN MS-PAN Fil & E 4 4
VROV 1 10l 2K 7R ) P ML SR AR ) 200 A4 3
SO IR FEHEA TR S5 SR 4 3 IR .

XF TR MS B4, 5328 SRS BE R Kappa 224X
435192, 54% F10. 8914 , B A1 Y 43 2 45 L H R F
ZY-3 Z A HER T HOGIBE B s . SR, BT
B PR RGP AC69. 23 % | T 7 25 T 1 Al FH 2505
JE 5 TR A R L ny, 16 490.00% , “ Hog " 4
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XIT GIHS Rl R, HEE T IR MS &M%, 7326
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83.50% F10. 7678 , K F i % (K [ R L A0 Hg”
P A 7 R A P 25 B B R, P 3 TR PR A AR
PEENEE NOL.67% , J& 5 Py JE A5 R B Y
GIHS Fl5 I kA B ARl & R R 45 RAR iR ™
e T GIHS flG 77k ™ 5 G H 30
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fFREAEE /%  90.00
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ARG/ % 96. 00
Kappa 2% 0.9425
X T AWT Filt G BUR  AHEL T MS BRI 732
HORLRT R, AR R SRR 3 4 @
5, SRS B2 F Kappa & %443 il o 95. 52% Fil
0.93701 R JH1 NSCT gl £ J7 12 15 1 1 il 2 P11 2 1Ak A SN S e DA T [0 328 S ) £ J2 T % AS [l

SRS AWT 43285 R4z, B4R B2 Fl Kappa
ZE AR 95.00% F10.9275, SR, X T-H—Hhb
P53 SRE BERIASIR] | K R T 3 K A HR BURS 13 5K 3
5 B4 FE 25 R de B H, K R TR A 7 RS B RN A
FREEESY K 91. 18% F1 96. 88% , Af I, , NSCT il
BT B BOR R PR A R

NSCT _ GIHS filt & B4, Ak A&, F 1, BR A= 7
TORG RV T ERG BE R 5 Rl o g SR b e LE
S 23 28 45 R F0 Kappa & 5043 51 A 96. 00% il
0.9425 , P TR HOR BT R AR X &M
TGS R A T . DA 3R A R
NSCT _ GIHS SR/ KU R iy, X — 451 5
il o P A SR — B0 .

RGOS R TN o 8 BEVE R A HOG
T AR B 2 ()45 248 L, 1 1) 18 )N RN O
PoIESE T ZY-3 MS-PAN EHGTH [ % R 325071 o
DIVLIR VI b X A 45, 43 #fr T GIHS (AWT | NSCT
1 NSCT _ GIHS4 Fofr il 5 07 125 il G ROR 19 22 7 M
FE R PEA 45 R R T, GIHS A oGS th /&, AWT
FINSCT PAR G 71545 A0 24 ,NSCT _ GIHS filvey
UG PO T2 [ RAAE OB P 5 TR R e . T
X G 43 S5 25 R W, NSCT _ GIHS fit & & 1)
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0.9425, H 2400 M SR 3 HhG BE Y A P . o
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Quality assessment of fusion of ZY-3 multispectral and
panchromatic images for coastal wetland areas

Wu Ruijuan”, He Xiufeng” , Wang Jing ™
( " School of Earth Science and Engineering, Hohai University, Nanjing 210098 )
( ™ China Institute of Land Surveying and Planning, Beijing 100035)
Abstract

The study was conducted to assess the fusion of the ZY-3 satellite’ s multi-spectral (MS) images and panchro-
matic (PAN) images from the angles of coastal wetland classification comparison and quantitative analysis. Four
MS-PAN fusion methods of generalized intensity-hue saturation ( GIHS) transformation, & trous wavelet transforma-
tion (AWT), nonsub sampled Contourlet transformation ( NSCT) and NSCT-GIHS ( NSCT-GIHS combination )
were used to achieve the fusion of ZY-3 images, and spectral information indices as well as spatial information indi-
ces were utilized to quantitatively assess the quality of the fusion products. The assessment results showed that the
fusion quality of the NSCT _ GIHS was superior to that of other three fusion methods from the spectral and spatial fi-
delity view. Meanwhile, an object-based classification approach was developed for coastal wetland mapping. The
classification results demonstrated that NSCT _ GIHS based image obtained the highest overall accuracy and Kappa
coefficient, 96% and 0.9425. It was obvious that wetland classification result was consistent with quantitative as-
sessment.

Key words: 7ZY-3 satellite, image fusion, image fusion quality assessment, object-oriented classification,

coastal wetland
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