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AR IERI GPS Id 3% I AHMY. s (147 B, 455 s EHX 10 FEAR
WP | 7 R 2 B o - O = B W N B
(diseaseindex, DI)
Dl =Z(X.f)xloo D
n-y f

R X—8 PR PAE: n— IRl f—&%%

AL A DI FRIAS [R]Ks 3 205 et )2 009 1 1™ 15
5%, Bi: 1EH (by): DI=0; #fF (by): DI £ 0~25%
Z I R (by): DI 7E 25%~50% [i); ™ (by): DI
1E 50%~75% [f]; H/™H (by): DI £E 75%~100% |71,
2.2 IKONOS Z&IXE S Hisi2

WEH] 2008 4% 7 H 25 H¥rsifi+ (86.02875°~
86.16871°, 44.51535°~44.66714°) (1) IKONOS 544 Wil
FRAESE R I T, JF xS B T T RARIE
JUAATASS 1 R0 G il PR TR AR B T4 o

KARIE: RH KA LR E D 6S (the
Second Simulation of the Satellite Signa in the Solar
Spectrum) HHMHELT IKONOS 44 1 KSR IFE . 6S
BESEIHERURIESE % %M X (R 1), RJaHH
X (2 IERIEER R %

p=Yyll+xy) (2
y=%-L-%
Kb p—RIEJE I I SO 2R 7 L—38 1 %
BURS SR
#Fz 1 IKONOS #1& 6S #HE K SIRIESH
Tablel 6Smodel atmospheric correction parameters of

IKONOS image
Band Blue Green Red NIR
Xa 0.00296 0.00304 0.0035 0.00459
Xo 0.10554 0.06403 0.03393 0.01858
Xc 0.16384 0.12075 0.08369 0.05752

JUTAZIE: E IKONOS FEAGMT 77 X $5k Py R H i s 5
GPS ¥yA5) A 27 AN, A4 s A R HER PR 45 161
A B S 1 2 AT T I )N RS AL, AT
A 2 b 24 AN T4 N M sl L, FORIET
IKONOS EME I LTSI 1E 5 R A S, A R JLAT RS IE
REEPE ) S AE 0.5 METT .

BIUAG Rl A o 36 2k O T 08 O 1 i U SR VK

(smoothing filter-based intensity modulation, SFIM) [*2
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Fig.l IKONOS panchromatic and multi-spectral image fusion
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Table2 Some vegetation indices

TR E A TR 455 ANV S 3R
LEAK i $5 %4 (rati 0 vegetation index) RVI NIRR Person et al.1*¥
VAL BFE B (normali zed difference vegetation index) NDWVI (NIR-R/(NIR+R) Rouse et al.[*Y
FEAH KR HE $ (difference vegetation index) DVI NIR-R Jordan et al. 1*¥
FEIA— 1A F5 %4 (renormalized difference vegetation index) RDVI JNDVI * DVI Roujean et al. ¥

AR Al 8 %4 (transformed vegetation index) VI

0.5*[120(NIR-G)—200(R-G)] Broge et al. [
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VA —Ak 7 543 1 $5 $i (normali zed difference greenness index) NDGI (G-RI(G+R) Chamard et al. [*®
BT
ELEm
[EE T A E AN 45 A R ZHr R
A5 B4 28 - 92 R 4 iP5 ¥ (modifi ed soil adjusted vegetation index) MSAVI %[(ZNIRH)— (2NIR+1) —8(NIR- R)} Qieta.l
e e . N 7(1-0.254)—(R-0.125)/(1-R) _ 20
A BRIRE IR F5 % (global environment monitoring index) GEMI Sof: p=[2(NIR—RO)+L5NIR+05RI/(NIRFR +0.5) Pinty et al.
NIR-R , -
R % 35 %4 (enhanced vegetation index) EVI (1+L) Liuetal.

NIR+C,R-C,B+L

2.4 TERFEENE (VIP)

HAR R X (EARRE AR & Y (R ZEME R, nT DU AR &
Brg EEMEARAR VIP; (variable importance in projection)
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i fse /N —3e[A] ) (partial least squares regression, PLS)
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FrR FH ¥ 230 (determination coefficient, RP). )77k
1% % (root mean square error, RMSE) PEFIAH X} 1% 22
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PEBOGHE [ S A BN LL AN BOG S B 2R B w] 40
BTS2 1 T S RN AR AR MR, G
SR BOYIR R TR O (R 3). TR %K
BEWS AT O LR & %A KRG 5, 7ERY smAE 5 B Y
[ N A AR R AR 5 B /M, S B0 AT B R B
ORERIN 5 (R4 S HAT R, DALAHIE 5 K 20 A
AR e s 22 1 7™ S AR DG PE A T A B

LA BN SR IR T A6 5 5 B0 AR S AR ) 1 DR 1
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*3 EREFERECEERXRY (n=46)
Table3 Correlation between remote sensing factor and severity levels

LB B1 B2 B3 B4 TVI RVI RDVI NDVI NDGI MSAVI GEMI EVI DVI
DI 0.351 0.441 0.547 -0.656 -0.700 -0.652 -0.698 -0.671 -0.667 -0.695 -0.692 -0.708 -0.695
Bl 1.000 0.965 0.937 -0.296 -0.534 -0.767 -0.635 -0.780 -0.549 -0.518 -0.714 -0.636 -0.518
B2 1.000 0.972 -0.380 -0.611 -0.836 -0.711 -0.845 -0.582 -0.597 -0.784 -0.722 -0.597
B3 1.000 -0.524 -0.738 -0.908 -0.820 -0.927 -0.752 -0.722 -0.881 -0.831 -0.722
B4 1.000 0.961 0.798 0.917 0.803 0.776 0.968 0.855 0.905 0.968
VI 1.000 0.924 0.991 0.935 0.868 0.999 0.962 0.985 0.999
RVI 1.000 0.961 0.983 0.851 0.918 0.966 0.969 0.918

RDVI 1.000 0.974 0.873 0.988 0.989 0.998 0.988
NDVI 1.000 0.865 0.927 0.993 0.977 0.927
NDGI 1.000 0.853 0.872 0.884 0.853
MSAVI 1.000 0.956 0.981 1.000
GEMI 1.000 0.988 0.956

EVI 1.000 0.981

DVI 1.000

3.2 PLS{&m4EA

FIF PLS Skt 5 e @i vk —FE, A5
IR In2s PR IR 22, PR BRI TR B, (R il 2
N A R A WAL, TR 2= 88, Rk Rl o A
a2 2 PLS HE ety 12,
3.2.1 PLS A%

ffiE PLS MUt REELLRIE FTE I I s i R 40
fRRE e ) B, SO o IR AR R 2 (A 22 AL 2R Pk e
ASCRH H A 2 A8 FH A8 IRAEEAf 2 PLS 3,
TRt RS y A AR (GR 4, AR I
—ANHT I B S3 J RE A RHASE AL SR T e A 0 A ot A
B AL

F4 B LMELTEYyHIRXBHMN

Table4 Cross vaidation between competent and dependent variable

s Q? Qr*(cum)
1 0.7299 0.7299
2 -0.1249 0.7029

TE: Q2> th X AIAS R y RS XA bk s Qu(cum)—— 1 AT k ANy
R B SR

% 4 W5 Q,%=-0.1249<<0.0975 (95%IH & {5 X
B, DRIHINA to o I bR ook AN B35, 5 3R I 1 o
to WD 7 R B T R 22 TSGR E R, AR SCR - —AN ooy
HEAT PLS i #.
3.2.2 VIPEN Hik % &

FIH VIP HENEAT AR S If Ik Ry, 47 AR = VIP A
KT 1.0, U B A A 70 R DA AR o P L AT LU J B2 1A
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Fig.2 Variableimportancein projection
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Fig.3 Severity spatial distribution maps of cotton verticillium wilt
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Remote sensing monitoring severity level of cotton verticillium
wilt based on partial least squaresregressive analysis

Jing Xia', Huang Wenjiang **, Ju Cunyong®, Xu Xingang?,
(1. College of Geomatics, Xi’an University of Science and Technology, Xi’an 710054, China;
2. National Engineering Research Center For Information Technology In Agriculture, Beijing 100097, China;
3. College of Forestry, Northeast Forestry University, Harbin 150040, China)

Abstract: The objective of this study was to estimate the severity level of cotton verticillium wilt using high spatial
resolution satellite data and partia least-squares regressive analysis. Firstly, remote sensing factors for monitoring
cotton verticillium wilt were picked out by the pre-processed IKONOS image. Then the variable factors were
selected according to an approach of Variable Importance in Projection, and used to establish the severity estimating
model of cotton verticillium wilt using partial least squares (PLS) regression analysis. Finally the model was
applied to calculate the severity level of each pixel in the region of cotton verticillium wilt. The results show that
these vegetation indices, i.e. enhanced vegetation index (EVI), renormalized difference vegetation index (RDVI),
global environment monitoring index (GEMI), difference vegetation index (DVI), modified soil adjusted vegetation
index (MSAVI) and normalized difference vegetation index (NDVI), are sensitive factors for monitoring severity
level of cotton verticillium wilt. The model based on those variables achieves better accuracy since precision
assessment indices such as determination coefficient (R), root mean square error (RMSE) and relative error (RE)
which are 0.78, 0.45 and 9.2% respectively. Severity level of cotton verticillium wilt can be effectively estimated
utilizing high spatial resolution image and partial least squares regression analysis and the result presents an
important reference approach for further monitoring crop pests and diseases at large scale using airborne and
airspace remote sensing data.

Key words: remote sensing monitoring, partial least squares, high spatial resolution, cotton verticillium wilt,
severity level



