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2 ANHEBFERD, 4B (Red-edge) /T LL0GIEM
LLANBE B2 0], XHED R R RN LU, R EYIR
ARG S G A A FAR L T RE B Be 2 — o )
R B K Bk KGR A AT 7
%, THE T RapidEye 86 LLLIA S5 %M T KK
FE R SRR SRR bR, W RERM, i BEINE,
MARKEFESE R T 6.7%, [FIFPRAR 1 SEWAAE ;. Adelabu
SEPLUR F S Fe i LRI BEHLAR AR 2 FhE72%) RapidEye 52
BRI, BUABS 54T, BRSNS
T 19%A1 21%; Tigges 2R A9 B & 7 i £
i} 4 RapidEye S8 AR T AR AR AT 7 db B0, n
N B E B B m MRE AR 4> 5 Al Kappa R %
Sertel Z5MENT T —EMUEE, SRFH 2 25 BT 0 0 R
Jii M\ Worldview-2 FAAZ HHIR B AUE B, 7 KK E
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] T2 2 9 B P B R T 9 e Ak T A B B B, LA et
RENNE KREERFREEY, WEFEDRITI
HIXFH > o
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REFR ARSI L, I SR A YRR B,
AN T AL BRRAS, BRI RRE R, B, &3
AT B HEXT AAE YR B B AT g (P FE A
2 (R H B /N JU 4 # K AH 2% (minimal Redundancy
Maximal Relevance, mRMR) FLykHRFAESEATHRE, IF
BT mRMR RFAE DG 1% SV A 3 80 B2 vh i A Rk
Atkinson ZEUOVZE & SRR A LS RFAE S A BRIALE 272
ANFFIESE PR H 17 DN AURHIE, X AR AR & 2R L1 7
MREAT TAE BN BRibz Ak, A 2238 % H BEHLAR AR
BOEAHRFE AT AR, gk A SR R ARAE . KA
BRCEEAE S, K BENLARAELIERT Sentinel 2R AT T2
FRAEARIE, SCBL T % B = M sc (3 B HREL, Sk
FEBEIE 90.93%; 52 A Rl i BEALAR MR BL3RAT 16
PRI AR B PR ARG B, RS T AR g A 1
TR SR RR MR BT, HETEEE LT
JERABE T, AR ZAE THRHEACR —, WOtigR:
TR FH AT I B SR 4L A B, ML T B AIE 2 1
FHVH— 4 Z (B M 4 4520 (Normalized Difference Vegetation
Index, NDVD) FIgsa R4 454 (Enhanced Vegetation
Index, EVD %%, R/l L0 4EHURFAL

BEE DA i i, A S HR RS 6 A A R TR 5
BTy N T TR G I 5 DX R 6 20 2E AT RS HE R
il 2 PR & LB R A R e, I
PR AR A0 126 Yo TR PG 81 267 RS U (R s ey, D [ 7 TR
CLIAP BAE RAEYR ) P BB T DA R AR I 3 Jgk 40 45
) Ja B 5 i 2%

1 MREXS5HE

1.1 REX#ER

AT ERET T ERREERXARNT, i 105°49'~
106°22'E+ 38°7'~38°29'N Z[f], Hu#A7h & AR %, TR
N 934 km’. EXJEHIRAN T RAMEX, TR E
8.7°C, LTI 167d, HFHMHF/KE 201.4 mm, £4F
SFIHME 2866 h, HWRETIRFE . KT EHiab T E
R ERT AL, HEZER, BRTEIY
FHE AR R, @ E BRI R A K, R AN
MR Al “3k 4 st AT R K T B
Pz — o BRERE R A 41, 070 X E BEAEMIE A N
FKEE.

1.2 BIEREMLE
1.2.1 GF-6 4%

BN 7N S RO 2 IR T A v [ RS M A L
D a7y AL, #5480 1 DEIIIE %5 24 800 km 1) %6 4117 (Wide
Field of View, WFV) & JE#8 FULIITE % A 90 km )44
% J6 18 AL % 4% (Panchromatic Multispectral Sensor, PMS) ,
BAE®SSHR, GBS, mRRGER L. K,
WEV fE a2 [0 0 N 16 m, HZ e ta s 8
AN B, A SCIEREL GF-6/WFV HI#E D (0.45~0.52 um) <
459% (0.52~0.59 um) « 9% (0.63~0.69 um) . UTZL
Ab (0.77~0.89 um)  LLIAMEEL 1 (0.69~0.73 pm) FILL

B 2 (0.73~0.77 ) VERIRIEIHBL, 43 HARE A 1~
6 WE

AT B2t 240 LR AR SR I 1) GF-6 5214
U= b o bE 5l A B BT R TR N A0 $2
Chttp://www.cresda.com) o 7EILIEA -, X 2ds 8t
bR, RABIEMJUARIE, FECARM 10 m 73885
1) Sentinel-2 HHEAE NS H L GHAT TR IE . TilAb 3
HRAE 8 7 s R (Digital Elevation Model, DEM)
K5 #HE% N 90 m ) SRTM DEM %i#z .

LEE R I X AR I R B I W DL SRR AR A,
ASCERELT 2018 4E 6 H—2019 £ 3 H 2 [a 10 554
HEAT U, G TR A 2018 45 6 H 13 H. 2018
6 H22H. 201847 H 12 H. 2018 4£ 7 H 16 H.
2018 9 A 8 H. 2018 /£ 10 H 2 H. 2018 £ 11 A 12
H. 201942 A 10 H. 201943 H 3 H. 201943 H
23 H. ZEHIEE TR KRR DL
SR HA S5 TG 8 2 1 R A B, AR T R R A R
BIRBEEL . b A, 70 X P R 4 P DA TR 7S 6 4
N, SRR R R AN SIS I AT S AT
1.2.2 HERHIE

ARG S A B TR Google Earth =70 #E R 5
G EAARRE, FEIRE 20 AN H-FF SR A 865 AN 2kt
ABE: BREHE (1724 « # (158 ) L Mt (165
AL EHL (794 L Bt (56 ) L B (134N
KR (101 4, KA 34.02 km?. H, Ak
K INEEAEMG o AR R ATIE DL R
ARG o bk K2 B, TolklE X %550 A
B KIIE. WSS K. FEARIY S AR E R
MHFEIX A, Hodr, 60%RAEINIZRFEAR, 40%FHAFELSIERE
A, HASIELWE 1R,
105°40'0"E 105°50'0"E 106°0'0"E

106°10'0"E 106°20'0"E

38°24'0"N
38°24'0"N

38°16'0"N
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Fig.1 Distribution of samples in study area
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Fig.2 Flow chart of this study

2.2 YFEFZER
2.2.1 RiE4HAE

LA T, 9—10 J 43 Jy B w4 s, RARR
B, JGIERMERY, S5IHANMYIRI YR E RBOR, 2R
) S ] 4 () B LIS TRV B, PRI 2018 41 9 H 8 HiE
BAE NIRRT EEE, WU 1~6 W BUE G RHE .
39201849 H 8 H GF-6 f ARG St 3T 3 1 2k »
WGBSR IR ZL 't B 10 TR 7] — P e 9 288 3
Y St e, RONMERERCR s I AMEBOGIE I
SRS AU s T A BB, (HRIE S, R
VIRV ISR EE . LR 1 R 5 X 7y B Y
BB BRUBARARSE AR i R T 5 HoAh s 70 2 9
TR TP 6 2] — Bt AR M- Bk 4 SRR R AR S X Oy 1
CLIAEL 2 R, FRPRIA R SO R e T E A,
B AR R GIE W] 23 BE R R HEK,  AnmRps s & - H i . R
T 2 PR IR R M — B b S5 R 7, TR 2 — S T 45
LLILP B 1 AT X 57
—e— [P 4] Wine grape  —=— #ith Farmland

Pl Woodland —&— T Grassland

—¥— ¥4 Bare land —=— #%] Building
—Oo— JKf& Water
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Fig.3 Mean spectral reflectivity of typical ground object based on
GF-6 images on 2018-09-08

2.2.2 HBISHAFIE
I3 — 4k Z 18 414 48 #1 ( Normalized Difference

Red-Edge Index, NDRE) W 7845 & 4% 2132 i B A0 AE B
W7 T R, A BT AR R T SR FEFE 4, NDRE
HAHE S RBUE, R TR R0l ARpk i
AR JBih A P PRI 45 s 0 — Ak ZE A FE 2 (Normalized
Difference Vegetation Index, NDVI) HE % J I 4 7F 7]
Wi, IEAEBRR S LEE RN ER, &
TR AR BB . ZET MR A
B AR 2 — B, NDVI B I E] 28 4k 54 ol
A5 BRI — 8 AR M, AT I A A AR RS A A
W B B, R XA i) () ERRAE . A EL T NDVIL
5% R 4% 520 (Enhanced Vegetation Index, EVI) X
Y 5 4 DX gk J2 465 ) A A T i Uk ), I A
TEJRIN ] LU NDVI AR B AN 78 o A SC P AR A48 2o 41
1 iR,

1 HEHEH
Table 1 Vegetation index

WP Name of R S Eh
L A3 Formula
vegetation index Reference
H— L AT Gitelson
Normalized Difference NDRE=(NIR-RE)/(NIR+RE) ot al2)
Red-Edge Index (NDRE)
L S Tucker
Normalized Difference NDVI=(NIR-RED)/(NIR+RED) ot ]
Vegetation Index (NDVI)
W R B EVI=2.5%(NIR-RED)/(NIR+6x  Huete

Enhanced Vegetation Index (EVI) RED-7.5xBLUE+1)) et al”!

AT FENLFH 22 I A RE B, R GF-6 #7300 &
J% NDRE. NDVI 1 EVI It [A] FF 41, LEREAEEOR 1] 2 41
Mg R R, A a2 5 DR 25 4 1k A Ry 32 AR R
FIRFEE SR (DU BT MREB SR 2551
PR s, 10 UG e 2E R Lo il EES
FAY,

2.2.3 LUIENIE

SURRHIE A BAG 2= AU 25 (8] 25 R AR AL X B R T
KSR . ¥V T &, R BRI R A
fEz —8, S o s B — i B A E T
SRR, SRS o) I R R R A LR L
] S g SRR AR AR D D' 1 AR A0 POV i 8RR A1 1Y) 7 2
ks 5EG L.

AR S 3 FH A i A BT K RE 3R AR B ( Grey-Level
Co-occurrence Matrix, GLCM) J5 V2% 8( A B HEAT $EHY,
H5EXT 2018 4 9 A 8 H GF-6 514 2 N1y BT &
Ay hT, RIS —ME —FE RS 0w, FHE 8 A
SUHEHFAE, BIIE B4 (Homogeneity) « J7 7% (Variance)
XFECE (Contrast) « 15 5% (Entropy) « ¥J{H (Mean) .
“ i (Second moment) . AHZKME (Correlation) FIAf
SPE (Dissimilarity) , U A0 = ARFIE P IMEE N
A SR EAE
2.3 $HEES

BTGB R B M TR B SO R A R AR,
EHE IR E T H1) 40 SR NER R ECReAE, Horp
2L B 1 15155 NDRE 5 %0h7iC 4 INDRE, H4L0
B 2 T 549 3] NDRE 8 %471¢ 9 2NDRE; 5L 2018




168 Ll T2 (http://www.tcsae.org)

2020 4F

£ 9 FH 8 H GF-6 5218 1~6 W BAE NI HE-E; 1EELH

LLINP BT EAS IR 8 NSRS B VSCERE, T
P RIS BN 2 fis.

R2 ZIRFHESEHL
Table 2 Description of multi-source feature corpus
FEER 75 HH
Feature ~ Order HJ¥ Time

AR BRI AR Abbreviation of

Number feature variable
type number
T TR
FFIE 2018-06-13 INDRE1~INDREI10.
Vegetation 1~10 E 40 2NDREI1~2NDRE10.
index 2019-03-23 NDVII~NDVI 10, EVII~EVI10
feature
N
}Ié‘lb' tFtéHIIF 5 2018-09-08 6 B_Blue. B_Green. B_Red. B_Nir.
pectra -09-
feature 1B_Rededge. 2B_Rededge
LU NE Mean. Dissimilarity. Second.
Texture 5 2018-09-08 8 Correlation. Entropy.

feature Homogeneity. Variance. Contrast
H: 75 “1~107 #KiKH 2018-06-13 & 2019-03-23 (1 10 MFAH: 7745 «57
it RS AR 2018-09-08.
Note: Order number “1-10” is from 2018-06-13 to 2019-03-23; Order number
“5” is the optimal data 2018-09-08.

2.4 SFEE
ZIRLRERHER R T B 06k fim 215 &,
WK s T B IX 23 AR DA B G IR B, (HARRAE £
%ﬁ#t%tﬁ %ﬁL%%ﬁ%%@%%ﬁ\%%E
SRR, ERMBSFREETE. Bk, W EEr
E%ﬁuﬁﬁﬁﬁh‘EQEHKWWE@m%ﬁﬁw
HEZENE L AR RHETEE (GinD) FRETIBENL
FRARGLVE VG R AE 58 B R A AT 00, IR AR
SEHLH AR FEA 28500, 3 J2 g B i PP Al AR AE AR B
TEBEALARAREEARM (1) 5r 280wk, W4 BT e AiE B8 215
AT A — AR AE T LU R AE B A . (R A AR
BX, X, o X, BETIEBIRBUORHE R

By

Ginimzipmk(l—pmk)zl—ipik (@)
3 Gini, R 8 m B e fa 8L, & ROR kA2,
P BN R m FEA R T3 k BRI .
FHIE X, FERTT R m BB ZNE VIMS . BI9X SR
5 e TR BRI E
VIMS" = Gini,, —Gini, —Gini, (2
3 Gini, M1 Gini, 73 R85 /0L r BOFEJEFREL, W
B ZEAE B i B 2 R B e

FRHIE X, E55 B HH L MR, IRSAE X RS

PRB o (2 A2 VIMS™ Oy

VIM™ = ZVIMG‘"’ (3

jm
m=1

BLRENUARAR AT n B, WIRFAE X, FEREHLARAR
i FENEPE

Gini N Gini
VIM{™ = > VIMS (4

i=1

BJe, KT LR IE AR 2 BEAT 0 — A AL AT 2

RZRHEE EEAS 2.

FRAEEEM AT EWE 4 Pron, FHERHE 58k
FEEAT Kappa RESC R WA 5 Frox, $Eid 7y 0
2 fhow.
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Fig.4 Analysis of the features importance
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Fig.5 Relationship between number of feature variables and
classification accuracy

HE 4 W0, 54 ANMRRIEAR A E 22 R, o,
2NDRES6 (15 B VE 5 sy, EVI2 B ZEMAR 0 AL, 2
AL BURFIE BB HE A 0 AR 3 A 6. FIET S W]
AL, CHEEEECE Y 1B, SRS EEE AN Kappa REUE
%, KT 0.75, B SAR A Kappa BB RG4S
IR H 2 AR R RHEECE A 4 JFUs, AR FEE A
Kappa RECN -S54 EE H 2 IEMHAR L, SHUE E W sh
R, H 2 ASHEART ST, HEEEARRRE
7£0.80 DA b USAERC H B 17 B, BAOKS B2 E AN Kappa
REEIER e, PR B Z MG HEA AT 17 SRR
NARIERFES 5035, A 17 MUEFFEF, B8 4 46
TERFAE L 11 MR BURE (7 A NDRE 65,3 > NDVI
TR, 1 A EVIEED Al 2 DNGUHEFE, FFAETTRAE A/
WO FRECRIE . G RRE . SUHRAFAE, HE 2R AH
FHEAGLE T 9 10111 .

2.5 PBEHFRMD LR

FEHLAR AL (Random Forest, RF) B2 —FhEH
22 MR R SRR X A A AT 11 R I T AR AL B 2 ST B
BE H BreimanPY 42 o 1% 7 V0 I SR AR R AR s
TEAR AT WEBENLCR A, A SRS &R,
I3 Ik B 2 o0 1) TR AR R 2 AR R SRR, A R SR
TEAMATATAZ B RT3 T B KPR FEE M AR K, Jd i P 358
VA 75 BE AL AR AR AR B B2 ook i 22 3047 e Al 1h, I
ST 25 BN 43 I8 45 S el 22 AR T AE 1) 30 4B AN 4y 2K
%gﬁm{j%fﬁo
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BEHLAR ARVE RS T 38 B AR 0 R R I P B
PEREPY, TEHTy AT, RARRI R,
Wb PR BA AR R AL O RE A SRS, AN R B R Ab B
FEGE S R RN, BEATLAR R SR AT DO K Hi ol 42 2k
T ROSAT, IF REBUUT MU VP4l B R AR AR B AE 7 RO 7R
v S A, B P AL B 2 S U R A T
J8 F 502

3 HER5SSH

3.1 Jeffries-Matusita 2653

Jeffries-Matusita (J-M) [ 2 & 5 T 24 ME 218 1 b
RICVETT o3 F 2 FaAw, VR NBE SO R P B & Xt i
LR EE IR EE SR, H 2t AR YE F)
MR g 7 72580 N F

Jwﬁziﬁp(XWQ)yu—(p(XL%)yu}dX (5)
Ko (p(X0))” Hom 5 i METOR T4 0, DEBINA M

R (p(Xo,)) ORI METR T o, M

()25

NEBEADHN T R A o, A SR
Jeffries-Matusita ZyETHE T 7 M2 St iE s, £ 3
B RS % 5 5 A1 6 Fst#ie) Jeffries-Matusita 2725,
3 A, BRI A SR @SR KRS A SR )
FRIRT o B R T 3 AR s 5 2 Fh &% 2 BhUL R
TELH A IR e e T B — R AT o0, b, 58—
FVERFIEA A MALL, DUIEAFIE LA P BRI A 2 - ) AT 4y
PR 1.57 &m0 1.99, BRPHIZ-pRHb T mT 2 1.40 $2
B 1.97, XERW LGB EG TR A G TP E A REA
VRS, (AL SR A E NI 5 FhZUREFEA &
Pl T B X =2 7 NS
3.2 FEEINE

JE S AR FUR Google Earth 0 #E R 5214 H
R e 136 34 B S0 AE B A 5 SR F VRV R B 7 0ot 4 2t R it
ITREFEVRANY, D RREEIR 4 PR, B—4HE4 a4,
RS R AR AN SO ARHAE &K FEFRARAE BT A 46 H 3 LI
% I FRAE B F8 BURTAE 2H A5 70 ARG FE . TR 48 26 1) i T
PR FH RS B 7 TS B KR T 2N IR, ik
BRI RARKS B B v, 1A F) 94.15%, BRI %) RS N
94.23%, i ESEEN 92.59%; 573 R0 B i 2 SO
TEHA ARG, PRERHIE SRS FERR = T 19.62%, Kappa
RKREEMINT 024, BRPEE S REERS T 16.40%,
ISR = T 28.65%; SHEOGIE. SCHEAE I FREL
WIS SRR AE LA A B, D0 38 R AAE 2 440K P 4R v
2.85%, [FRIPH4T FH PR B AN ) RS FE 4 I = 1 2.77%
F12.24%, Kappa REEIGIN T 0.03. 4546 45 KA 7547,
BEILLF LA RIS IE— 2 fE R Lk T ARG
BT, A 8UE BRI R, AR T3
FERE: 2B BRHIE o R T 3 —HF1E, 2 AR

Fia L B A i S T 2K

£33 A[E 4 Jeffries-Matusita 253345 R
Table 3 Jeffries-Matusita distance result of different
ground objects

- N W N .
i e— T UL
FHEHS % -Hhb o - H V;/ine Y KA
Feature Wine . Wine Wine Wine
combination grape-Far V\\f;fne dglrapg_ grape- g];ape— grape-  grape-
mland oodland - Grassland are Building Water

JEHERHIE

Spectral 1.57 1.40 1.17 1.59 1.88 1.96
feature

SURRHE

Texture 1.71 1.71 1.24 1.56 1.98 1.58
feature

TEHAREL
R 1.95 1.98 1.93 1.95 1.93 1.99
Vegetable
index feature
S ih+ar B
Spectrum + 1.93 1.91 1.84 1.84 1.99 1.99
texture

Jei+HE Y
AL
Spectrum+  1.98 1.98 1.96 1.98 1.91 1.99

vegetable
index

SO+
EiRd
Texture + 1.97 1.98 1.96 1.95 1.91 1.99
vegetable
index
St G+
A TR
Spectrum+ g7 1.99 1.98 197 198  2.00
texture +
vegetable
index

PRAERFHE
Optimal 1.99 1.97 1.97 1.99 1.99 1.99
feature

F4 NEEERT
Table 4 Classification accuracy statistics

FHEH A BRI %] Wine grape  OA

. - - Kappa
/O
Feature combination UA/% PA/% %
Y iERFE Spectral feature 80.47 76.73 8454 0.81
LUHARAE Texture feature 77.83 63.94 7453  0.69

T
*E%))th?%l%{ﬂf 89.55 81.00 87.27 0.85
Vegetable index feature
Feit+40H# Spectrum + texture 81.05 79.64 8582 0.83
NI ks i 3
jﬁbﬂ%ﬁﬁ&'ﬁ_ 89.41 8593 89.68 0.88
Spectrum + vegetable index
» b
SURHEBEH 8878 8576 90.80 0.89
Texture + vegetable index
VG SRR . 91.46 90.35 91.30 0.90
Spectrum + texture + vegetable index
ik HFAE Optimal feature 94.23 92.59 9415 0.93

d: UA AMPRSEE: PA NIEIRSRE, BIZEF=FHRSEE: OA NSNS
Kappa A Kappa £ 3.

Note: UA is user’s accuracy, PA is mapping accuracy, that is, producer’s
accuracy, OA is overall accuracy, Kappa is Kappa coefficient.
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[ 5 Legend
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O 4eit % #i Statistical data O iR Spectral feature

O 2B fE Texture feature B R EUSE Vegetable index feature

O JGIE+ECR ! Spectrum + texture B JGIGHE B EHSpectrum+ vegetable index
115 - W ZCH+ A B FE  Texture + vegetable index

JEIE+LCH+H A B 76 2 Spectrum + texture + vegetable index
e | ] ® {LiE4FEOptimal feature
o 95 I
g —
S 85F
2
= 751
L=t
65
551
45
L A2 A3 {4
Wine chateaul ~ Wine chateau2 ~ Wine chateau3 ~ Wine chateau4
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a. Classification result of optimal features and position of four wine chateaus b. Comparison of wine chateaus area extraction results in different feature combinations
B 6 RE 4R AT ARIIER

Fig.6 Diagram of area verification result in different feature combinations
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c. HPHEHRE

c. Vegetable index feature

d. HeuE+ol

d. Spectrum + texture

e. JOIEHE R TR R

e. Spectrum + vegetable

£ SCEHE AR TR

f. Texture + vegetable index

g. Spectrum + texture + vegetable index

g G+ SOHHA R L h. ALIEFFIE

h. Optimal feature

B 7 FRHAEEERIEH F oA E
Fig.7 Distribution map of wine grape in different feature combinations

4 7 i

ARTFF TR X 24 B AR AE P 3 B I R LS B R
HEF . B EAN L DR AE B — S5 ) L, LT 8 4
BEHE TR, BRI HE. ZIHEMEHAE UK
PLikeF 2 &, W v SRR E A 4y, SRR

TERRRANELH , I S B AR I 36 2 RS R ), 2R
HSAET

T IRLE BB A 2 R 5] N GF-6 TR 201k BR A2
HAEH ST WO BRI L0 A B, AN [E Hb )
il T RARNT, JUHEREE A . B, bRHL, FEHhGE
A “FRTE” R WE 2 ML B,



18 1 FEURE: T GF-6 TEY

18 22 R AL A0 328 PO 1 1 2 K THE R 171

CERPENE” DR R, BPE A B, M,
HEE A o G FEAS B3R TE, DRk, W@ 2 ANl
B A B AN LI 2 M A 52 2 S TR A A 1 R AR
B, GF-6 T2 EEMEE IR A, ARCF
F GF-6 TSI T 0 BRIP4 &) RS R, ml ool %
TEWEI S 7 9 Pk R S5 v AR 1 R R PR IR = 4%, HE
By 7= P RAEARN AR R, [ R o = TR 20
BT B G AR TR S %

I FE i LR AR SRV 0 22 R AAE A A ek o i i B
BURR AR B E VT SEURRAE 4 43 R DT R BE , SR A5 4 1iF 3 2 1k
VL R AR B, AT SR IR AR AR G o B R
TEA RS 4 NIERERFE . 11 AMEP R SRR ER 2
NGORHE, BEEMNAMHETE T AL 9 . 10 AR 11
A, R RTE T B R A 4 5 A X AR an &
Ky NFEEWRFHIEZ R, 5T IR RIERHIEA
HEHRHAGMHE, 2RKEE R, BREREE . B,
AR b 55 5 T I b A 11 R ) TR 3 i), L b RO R
i, BINFFGLhRIE O RERERES & 7 2 IRRHE(E
BEFMEA, R TRIETUAR, wRFEER A

2

AR 22 L 2 R R 0 2 A o P DX K 7 BT T X
Xt R A AT IR EGR DL R, R 8RR RE
RGN0 B Rt o AR A R A B 2 LD AR R 1 SAE
Pk, 0 A R R Rk R R A A R B A
So AR TT LIAZ A X 7K T EL O TN s i AR 175 3 26 = 1)
AR R, A JE B 2 L 2R TR RS 4 4 Bl A R RUEE
SOEERPR A T EORSCIE M S B, B B
EMAESNME.

PAESRA FZAH R, HS UETTSUMLE, 847
FE—SA e, BAAR SO R BORA R AT I T8 2 81, 17
S M SCERFE R A S A, RIRABT SR A
I ARAN TR HY SR IR0 s A SCH OB 7T 1 RS 36 6 £ 70 2R
fHOL, W TR, B, ISR A A, 5
Ry, NN AT VR R 2y, BB A o
TR N, AN ONEIR . FEALE, AN L
P BT 5t 2 2R F B i 25 18] 70 M5 1) Sentinel $ods, X T
BRI AT, DO AN, S S
TR A LT T T

5 &

RILFET GF-6 RREHHE, DARRP 8 2 > 32 B 50t
G, FEMOGTEREAE . A 48 BRI AN SO AR R AT AR
A, JETFEALARAMR S RN 2 YRR E AT I & 2,
BEILL 8

FRAEA 06 A R C B R R . SR SRR B
B W R E AR S, AW SRR AR fEdE
ITREYE, FRYRFRAE B BN E 54 ANRFIEHIEE 17 4
BHUFIE. S5 NETREA L, PUEFF I A 1k
FERERR = T 2.85%, ERIEH %5 FH RS B AN [ RG B 43 )
T 2.77%F1 2.24%.

GF-6 TR LB sI NI LIRSS “ TR B

B, PRI A S A ) e N 2 . 2T
B S R AR I AURR IR B, A 8 IR 1 26 T 2 PR AT X
) EAR TR LA SO A WOB B, 2 ML
T BCRFAE FL PR 20 NS 3 AR 6, fEFTAT L IEE
fiErh BT S B AS 20

EEXIWEFEA R ZAL, RAKGAE LT JLAT5 T BEAT IR
AR A RS, 2l HALES 22 51 A IR ¥
W TERT RIS O ST, SEBR RURE R R
SR S R MR LU T, K GF-6 S5mi7r R 51 LA R TE
RE MR BEAT X B, Mg P E B T 7 TR AR FT 4034
BB AN R I o

(& % x #

(1] FRfRoEr, (Egam, R, &5 RVERT RN RS

JEH[]. BRI, 2016, 20(5): 748-767.
Chen Zhongxin, Ren Jiangiang, Tang Huajun, et al. Progress
and perspectives on agricultural remote sensing research and
applications in China[J]. Journal of Remote Sensing, 2016,
20(5): 748-767. (in Chinese with English abstract)

2] BAEBIL. R IE TR SRR RN K,

2014, 45(12): 277-293.
Zhao Chunjiang. Advances of research and application in
remote sensing for agriculture[J]. Transactions of the Chinese
Society for Agricultural Machinery, 2014, 45(12): 277-293.
(in Chinese with English abstract)

3] &=, P, Adndh, . AT OUA B AR RHE R
SR X IR I T]. AL TRE# 4%, 2013, 29(15): 145-152
She Bao, Huang Jingfeng, Shi Jingjing, et al. Extracting
oilseed rape growing regions based on variation
characteristics of red edge position[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2013, 29(15): 145-152. (in Chinese with English
abstract)

[4] ARLLE, FBLF. WRAERE LI BN R E BT

. BEER, 2010(4): 112-116.
Zou Hongyu, Zheng Hongping. The effect and method of
quantitative analysis of “‘red edge’’of vegetation[J]. Remote
Sensing Information, 2010(4): 112-116. (in Chinese with
English abstract)

[51 73, &7, £, 2 JLT Sentinel-2 WG T K

jb 2 T AR BURE D], R AL =R, 2018, 49(1):
151-156.
Su Wei, Hou Ning, Li Qi, et al. Retrieving leaf area index of
corn or canopy Sentinel-2 Remote Sensing based on image[J].
Transactions of the Chinese Society for Agricultural
Machinery, 2018, 49(1): 151-156. (in Chinese with English
abstract)

[6] TERE, E, AR, 55 MESERAE R L T AR S

o)k EA ], Rk TR, 2006, 22(8):
22-26.
Huang Jingfeng, Wang Yuan, Wang Fumin, et al. Red edge
characteristics and leaf area index estimation model using
hyperspectral data for rape[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2006, 22(8): 22-26. (in Chinese with English
abstract)

[71 Huang Wenjiang, Guan Qingsong, Luo Juhua, et al. New
optimized spectral indices for identifying and monitoring
winter wheat diseases[J]. IEEE Journal of Selected Topics in
Applied Earth Observations and Remote Sensing, 2014, 7(6):



172

Fk TREZAR Chttp://www.tcsae.org)

2020 4F

[10]

(1]

[12]

[13]

2516-2524.

XIFE, EFIR, BK, % RapidEye T2 4Ll Bt R AE
VAR SRS 52 [D]. Ak TREA4R, 2016, 32(13):
140-148.

Liu Jia, Wang Limin, Teng Fei, et al. Impact of red-edge
waveband of RapidEye satellite on estimation accuracy of
crop planting area[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2016,
32(13): 140-148. (in Chinese with English abstract)

Adelabu S, Mutanga O, Adam E. Evaluating the impact of
red-edge band from Rapideye image for classifying insect
defoliation levels[J]. ISPRS Journal of Photogrammetry and
Remote Sensing, 2014, 95: 34-41.

Tigges J, Lakes T, Hostert P. Urban vegetation
classification: Benefits of multitemporal RapidEye satellite
data[J]. Remote Sensing of Environment, 2013, 136: 66-75.
Sertel E, Yay I. Vineyard parcel identification from
Worldview-2 images using object-based classification
model[J]. Journal of Applied Remote Sensing, 2014, 8: 1-17.
Hughes G F. On the mean accuracy of statistical pattern
recognizers[J]. IEEE Transactions on Information Theory,
1968, 14(1): 55-63.

EWR, iRy, AEE, S5 RARRRHMEIEEER IR X 3
ZURAEMIIERGRAI]. REIEER, 2017, 21(4): 519-530.
Wang Na, Li Qiangzi, Du Xin, et al. Identification of main
crops based on the univariate feature selection in Subei[J].
Journal of Remote Sensing, 2017, 21(4): 519-530. (in
Chinese with English abstract)

FCH, TREE, BERES, 5. ZEG ZHFEN Landsat 8 BT
VB BAG AR AL > 07 R [0). B AR, 2017, 21(1):
115-124.

Wang Wenjing, Zhang Xia, Zhao Yindi, et al. Cotton
extraction method of integrated multi-features based on
multitemporal Landsat 8 images[J]. Journal of Remote
Sensing, 2017, 21(1): 115-124. (in Chinese with English
abstract)

TR, oA, ER, % FET mRMR FHEGRE L
i 22 O W BB SR AR 7 R RE FE T AT (0], MU ER(E B R
23R, 2016, 18(6): 815-823.

Cheng Ximeng, Shen Zhanfeng, Xing Tingyan, et al.
Efficiency and accuracy analysis of multispectral image
classification based on mRMR feature selection method[J].
Journal of Geo-information Science, 2016, 18(6): 815-823.
(in Chinese with English abstract)

Atkinson J T, Ismail R, Robertson M. Mapping bugweed
(Solanum  mauritianum) infestations 1in pinus patula
plantations using hyperspectral imagery and support vector
machines[J]. IEEE Journal of Selected Topics in Applied
Earth Observations and Remote Sensing, 2014, 7(1): 17-28.
W&, BT, EBN, % Sentinel-2 FAR ZHFEMIL
] = AR S B IT]. B, 2019, 23(2):
313-326.

Zhang Lei, Gong Zhaoning, Wang Qiwei, et al. Wetland
mapping of Yellow River Delta wetlands based on
multi-feature optimization of Sentinel-2 images[J]. Journal of
Remote Sensing, 2019, 23(2): 313-326. (in Chinese with
English abstract)

SRR, TR, Ea, S TR R -
PR e 3 R 7 A () o)A (0], Al TREAEAR, 2020,
36(1): 175-181.

Meng Lina, Ding Jianli, Wang Jingzhe, et al. Spatial
distribution of soil salinity in Ugan-Kuqa River delta oasis

[19]

[21]

[22]

[28]

based on environmental variables[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2020, 36(1): 175-181. (in Chinese with English
abstract)

RS, k&, DEE, & TEERNEE LTI
T SBR[ R AR, 2011, 3204 H):
108-112.

Han Yingjuan, Zhang Lei, Wei Jianguo, et al. Review on
research of meteorological conditions and managing measure
for wine grape growth in Ningxia[J]. Chinese Journal of
Agrometeorology, 2011, 32(Suppl. ): 108-112. (in Chinese
with English abstract)

KRR, FET @ —/N 'S TR AR M R AR 43 250
Fi[D]. dbnl: HEREERE K, 2017.

Zheng Lijuan. Crop Classification Using Multi-features of
Chinese Gaofen-1/6 Satellite Remote Sensing Images[D].
Beijing: University of Chinese Academy of Sciences, 2017.
(in Chinese with English abstract)

Zhong Liheng, Hu Lina, Zhou Hang. Deep learning based
multi-temporal crop classification[J]. Remote Sensing of
Environment, 2019, 221: 430-443.

FRE, BwE, 58, & B EM SR AR A
B HIKFE NDVI S2mATsL[T]. &R, 2008, 12(4):
626-632.

Wang Fumin, Huang Jingfeng, Wang Xiuzhen, et al. Effects
of band position and band width on NDVI measurements of
rice at different growth stages[J]. Journal of Remote Sensing,
2008, 12(4):626-632. (in Chinese with English abstract)
Bolton D K, Friedl M A. Forecasting crop yield using
remotely sensed vegetation indices and crop phenology
metrics[J]. Agricultural and Forest Meteorology, 2013, 173:
74-84.

i, R, B m S A A R B TR
I T2/ 0000]. BEEE, 2017, 32(1): 50-56.
Zhang Jing, Zhan Yulin, Li Ruren. Application of GF-1
NDVI time series in winter wheat identification[J]. Remote
Sensing Information, 2017, 32(1): 50-56. (in Chinese with
English abstract)

Gitelson A, Merzlyak M N. Spectral reflectance changes
associated  with autumn senescence of  aesculus
hippocastanum L. and acer platanoides L. leaves. Spectral
features and relation to chlorophyll estimation[J]. Journal of
Plant Physiology, 1994, 143(3): 286-292.

Tucker Compton J. Red and photographic infrared linear
combinations for monitoring vegetation[J]. Remote Sensing
of Environment, 1979, 8(2): 127-150.

Huete A, Didan K, Miura T, et al. Overview of the
radiometric and biophysical performance of the MODIS
vegetation indices[J]. Remote Sensing of Environment, 2002,
83(1): 195-213.

Kim H O, Yeom J M. Eftect of red-edge and texture features
for object-based paddy rice crop classification using
RapidEye multi-spectral satellite image data[J]. International
Journal of Remote Sensing, 2014, 35(19): 7046-7068.

XIBY, ZEEAE, T, & BT RSB
AR RRAE i 8 BVALE T D46 2 R I R 0], 3%
W 5e TR, 2017, 54(10): 455-462.

Liu Ming, Li Zhongren, Zhang Haitao, et al. Feature selection
algorithm application in near-infrared spectroscopy
classification based on binary search combined with random
forest pruning[J]. Laser & Optoelectronics Progress, 2017,
54(10): 455-462. (in Chinese with English abstract)



518 3 A FT GF-6 TR LR R D0IZ I BRI 6 4 R 1R A 173

[30] Breiman L. Random forests[J]. Machine Learning, 2001, 45: Optimal segmentation scale parameter, feature subset and
5-32. classification algorithm for geographic object-based crop

[31] EFRIR, X, BB, 2. YRR IEE T K-KERE recognition using multisource satellite imagery[J]. Remote
AR TR IR [T]. EYI2ER, 2018, 44(4): 569-580. Sensing, 2019, 11(5): 1-23.
Wang Limin, Liu Jia, Yang Lingbo, et al. Application of [33] ZH, MHtE, 2RI ETHBOEFEN &SRR
random forest method in maize-soybean accurate R0 MFEE5 TR, 2012, 37(2): 41-44.
identification[J]. Acta Agronomica Sinica, 2018, 44(4): Li Jing, Yang Minhua, Wu Kongjiang. Band selection based
569-580. (in Chinese with English abstract) hyperspectral remote sensing image classification[J]. Journal of

[32] Yang Lingbo, Mansaray Lamin, Huang Jingfeng, et al. Geomatics, 2012, 37(2): 41-44. (in Chinese with English abstract)

Accurate recognition of wine grapes using multi-feature optimization
based on GF-6 satellite images

Li Wenjiel?, Guo Xiaolei®, Yang Lingbo'?, Yan Ming®, Zou Chenxi*, Fang Yahua®, Sun Han®, Huang Jingfeng'**

(1. Institute of Agricultural Remote Sensing and Information Technology Application, Zhejiang University, Hangzhou 310058, China;
2. Key Laboratory of Agricultural Remote Sensing and Information System, Zhejiang University, Hangzhou 310058, China;
3. The Yinchuan Meteorological Bureau, Yinchuan 750000, China; 4. Spaider Information Technology Co. Ltd, Beijing 100086, China,
5. Xintianyuan Institute of Disaster Prevention and Reduction, Inner Mongolia, Hohhot 010051, China)

Abstract: Multi-source remote sensing information and feature optimization have become important supports to improve
the accuracy of crop recognition. As the first Chinese satellite to introduce red-edge bands, the rich spectral information
of GF-6 satellite provides new ideas for crop recognition. However, the use of crop features is confine to one single
source, and previous studies on cash crop is relatively lacking. In this study, an available recognition method was
proposed for the wine grape on multi-features using GF-6 satellite images. This paper first introduced the red-edge bands
of GF-6 to the multi-source features in the study of accurate recognition for wine grape. Based on the GF-6 satellite data
from June 2018 to March 2019 of Yongning County, Yinchuan City, Ningxia Hui Autonomous Region, two red-edge
bands were selected to extract the spectral, texture, and temporal vegetation index features, including Normalized
Difference Red-Edge Index (NDRE), Normalized Difference Vegetation Index (NDVI), and Enhanced Vegetation Index
(EVI). A Random Forest algorithm with Gini index was used to choose the optimal number of features according to the
measured importance scores, thereby to construct the optimal feature combination. Seven types samples of ground
objects were selected to accurately recognize wine grape. Seven combinations of comparative features were designed,
including three single-source and four multi-source feature combinations. Training samples and verification samples
were obtained by the field investigation and visual interpretation with the Google Earth. The results showed that,
compared with single-source features, the multi-source remote sensing features significantly improved the recognition
effect of wine grape, where the vegetation index features contributed the most, then followed by the spectral and texture
features. The accuracy of user and producer for the wine grape were 94.23% and 92.59%, respectively, the overall
classification accuracy was 94.15%, and the Kappa coefficient was 0.93 in the optimal feature combination. Compared
with spectral feature combination, the Jeffries-Matusita distance between wine grape-farmland and wine grape-woodland
were improved from 1.57 to 1.99 and 1.40 to 1.97 respectively in the optimal feature combination.. Compared with the
combination 7, which includes all fifty-four features, the overall accuracy was improved by 2.85% in the optimal feature
combination with only seventeen features. Taking four wine chateaus by field survey as the verification area, the results
of wine grape extraction were compared with the statistical data, where the relative area accuracy of eight feature
combinations were all above 70%, and that of the optimal feature combination was above 90%. Compared with other
seven feature combinations, the optimal feature combination improved the separable measure of different ground objects
and reduced field fragment, indicating more conformable with actual situation. In addition, the operation time of
classification model was shortened, and the reasonable allocation of resources was realized by feature optimization. The
successful launch of GF-6 enriched the existing satellite data sources, including red-edge bands, (such as RapidEye of
Germany and Sentinel-2 of Europe). The findings can contribute to the large-scale remote sensing monitoring of wine
grape and popularize the application of red-edge bands of Chinese satellite in agriculture, and also provide a sound
reference to improve the performance of red-edge bands of Chinese satellite.

Keywords: remote sensing; image processing; GF-6 satellite; wine grape; feature optimization; Random Forest; red-edge band;
accurate recognition
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