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Spectroscopy and Spectral Analysis
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Fig. 1 Images of cotton leaves with different degree
of mite damage

(a): Level 05 (b): Level 15 (¢): Level 2; (d): Level 3
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Fig. 2 Technical route of cotton field spider mite monitoring
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Table 1 Calculation formulas for vegetation index
LIRS Eisk A N,
NDGI (G—R)/(G+R)
TVI 0.5X[120 X (NIR—G) —200 X (R—G) ]
MSR (NIR/R—1) /[ (NIR/R)®5 417010
0. 5X {(2XNIR+1) —[(2XNIR+1)2—
MSAVI { 8 X (NIR*R)[]“-‘)“V
RDVI (NIR—R) /[ (NIR-+R)?-57]C10]
RVI NIR/R[
REWDRVI (0. 15X NIR—RE) /(0. 15 X NIR+RE)[11
DVI NIR — R0
GNDVI (NIR—G) /(NIR+G) 1
SAVI 1. 5X (NIR—R) /(NIR+R+-0. 5)[12]

ARI (1/G)—(1/RE)

OSAVI 1. 16 X (NIR—R) /(NIR+R+0. 16)[12]
NDVI (NIR—R)/(NIR+R)[12]
EVI 2. 5X [(NIR—R)/(NIR+6 X R—7. 5X G+ 1)]13]
GRVI NIR/GI13]
GDVI NIR—Gl13]
GOSAVI (140.16) X (NIR—G) /(NIR+G+0. 16) 113
REDVI NIR—REL3
RERVI NIR/RE!?]
RESAVI 1. 5X [(NIR—RE) /(NIR+RE+0. 5) 13!
RERDVI (NIR—RE) /[ (NIR+RE)?5](13]
RENDVI (NIR—RE) /(NIR+RE)[1?]
REOSAVI  (1+0.16) X (NIR—RE) /(NIR+RE+0. 16)[!3]

: G, R, RE, NIR 405l &k, 20, 2030 F050 2000 B o 1 I 4 5%
Note: G, R, RE, NIR represent reflectance of green, red, red-edge

and near-infrared bands respectively
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Fig. 3 Spectral reflectance curves of ground canopies

with different degrees of mite damage
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Fig. 5 Reflectance curve of multispectral image with

different degrees of spidermite damage
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ML 22 ik 3a Jak I 47 05 5 M 0SS AR A I, O R SVM
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AL R 0, KAEREEILH 1,
3.3 b IR A% B R AE 0 3%

Ha BRI 23 FhoRE Bl 18 BOM AL IS Y 13 P HH ) 26 55 44
T8 43 90 5 b T SR A 00 05 2 R ORE S S AL
PE I AE TP 4 A5 2 sig=C0. 05 A, HE Bk 46 505 Wi & &
AR A KT, 2 sig<C0. 01 W), AH B 48 %0 5 5 &
AR IR E DK, R 2 B, BTk A A B
SAVI, OSAVI, TVI fil NDGI 55 # % % A4 5 4% § 2 41 2%,
RDVI, RVI il MSR 5l &4 22 B A%, NFE 3 Al LA
W OEENBE . IR RSN 10 em 8T B S 0 E R
EWBEMC, BEmRE. FERE. BUR. 10 com R &
TREEFD 10 em + 8P 505 FE & A B B EAOC, Bhogh
ML sig=C0. 05 (1) 1 1k i 450 S A B3 45 iF E Ay ol 7 i 00 At A8 )
FR AL
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Table 2 Correlation between the occurrence of spider mite and vegetation indices

LERE R RDVI SAVI OSAVI

TVI NDGI RVI MSR

AH X R B 0. 407" 0.222** 0.304* "

0.492*~

—0.304" " 0.210" 0.197"

W ox o fl % 433 % 0.01, 0.05 1Y 5 KFE

Note: * % and* represent significant at the 0. 01 and 0. 05 levels of probability respectively

R3 NREHESHIEREZEAMBPXE

Table 3 Correlation between the occurrence of spider mite and environmental data

WEHE  meEE CFHEE CFHEE O RRRH Eiasi) 10 em +3EEEEE 10 cm HHEOFHEE 10 om R E
MEZRE —0.218* —0.178* 0.221** 0.243** —0.213" —0.201~ —0. 258~ 0.213*

He % o Fl = A3 RIF% 0.01, 0.05 [ 18 K

Note: * * and * represent significant at the 0. 01 and 0. 05 levels of probability respectively
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VRN EBRRAE(E . 75 135 A Hu [ R AF 5 . BE DL G IR A
AL 2/3 MM NGRS HARA 1/3 A g MK 4R BEAT BRI A
B O PR BT RO AR A B SRR S
BB BRSS9 3 Fh oy kg ST SVM A i 5 & 2F 1 0 A R

M1, M2 Je M3, SVM B ) 15 5 3 225 % ok 0 SVML Py
W) S H0E B 56, BF 58 Hh 58 B 45 1) ik B 4X (radial basis func-
tion, RBE) /R SVM Il £ 45 R (14 4% ok $ . A T 58 SO HIE (1
Ji kTR SVM ARSI 240 ¢ 1 gamma 28, 15 5 % 289F
B 48 AR 3R S 0 A W R Y, BT ZE BNk 4 R .

R4 FRBEENEBS KGRI

Table 4 Comparison of classification results of the different degrees of spider mite monitoring models
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I8 B i 9 2 6 10 I 6 56.5 61.9 59. 09
e 1 B 27 9 15 6
— SR M . . . . .
PR FH PR B M2 fro 12 12 76. 67 N 16 68. 89 65. 22 71.43 68.18
IR BRI 5 A Tt 26 13 12 5
2.22 0 7 70. 72.7
JEH 6 M3 WE 3 48 8 24 § 5 59 3
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3 3 3 5
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I rsey — | ES &R
86° 3" 0"E 86° 3 10"E 86° 3' 20" E 86° 3" 30"E 86" 3 0"E 86" 3' 10" E 86° 3" 20" E 86" 3" 30" E
86° 3' 0" E 86° 3 10" E 86" 3' 20" E 86° 3 30" E 86° 3 0"E 86" 3' 10" E 86" 3' 20" E 86" 3' 30" E
S Nz z &
5l (© A |7 Zl (@ 2
3 3 3 5
3 3 3 5
3 217 s ¥ A 3
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| EZEEd C e w . W sssE |, ..
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E6 AEKH(6HA22H,27H,29H,7RA3H8,98, BH)REHEENZESHE(a, b, ¢, d, e, f)
Fig. 6 Spatial distribution map (a, b, ¢, d, e, f) of cotton field spider mite monitoring
in (June 22, 27, 28, Jule 3, 9, 13) different periods
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W7 7% 34T S5 b R A SRR AE . S BT R 2 AT YR,
B 6Ce) T LA Y, o L b X3 B )R 3 e A & A o B
S BV XMERESG N St WY O A R Y . 7 13
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R IR A o i v 3 LA e XA 5 3 7 VA R R AT, T R AR A
RRELE 6(D],

W00 P oA A S B R A B A O AR A, A Bk TR
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VA e B [0 6 3 A A, 56 T8 AL G 4 38 J% T LA % Bh A Ok
S BRSO 91 B 1 i 5 2 A
3.6 HHBEERBUNREMNET

T SE A TR A R R T AR L, R E S
B 7 FH 11T BB B0 B S AR, 0 OB AT Y 13 Rl ] BR
B B5CH0E 5 A P g 5 v R AR DG M 3 BT, L sig=<<0. 05 11y
FH A PR B 5 . 45 RNk 5 R,

RS NRPESHABTERZEHEXE

Table 5 Correlation coefficient between environmental data and cotton field spider mite area

BT B A I 5 1k BE 338 B R

PR 10 em 3 g 5 R

10 em 437 2430 B

LEET ¥ 0.707* 0. 844~ 0.931*~

0.837~

0. 856" 0.974**

W o o = ApHIFER 0,01, 0.05 B FH KT

Note: * * and * represent significant at the 0. 01 and 0. 05 levels of probability yrespectively

A3 A8 A SVM [ I3 F1 £ 50 7% 45 81 19 J7 12 44 4 i < 1 A
BAL, DAY E &R B R g 48 b5 ok fir G A AL Y MR B 7E
Matlab ™ 38 A LIBSVM T. B8 57 SVM 8 3 1 B 150 P 45 73
M, JrEE XML T X F RS BRI AT R =
0.796, K F SPSS kAT £ 0% WA 01, 3R 5 higd ik
H 5 i B 56 R R D)) P ) 5 85 0 A1 Oy 7 S T A
M, WREE . XS B ZTB L IR

y = 110. 826 — 0. 1932, — 0. 0892, — 0. 525 +
0. 423z, — 4. 022 (D
KDOF, 2 BEiRE, » 2 PWEE, o 2ERERE
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Table 6 Model evaluation results
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Table 7 Comparison of prediction results of cotton

field spider mite area prediction models
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Research on Large-Scale Monitoring of Spider Mite Infestation in
Xinjiang Cotton Field Based on Multi-Source Data

YANG Li-li, WANG Zhen-peng, WU Cai-cong”
College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China

Abstract Xinjiang’ s traditional cotton field spider mite monitoring method is time-consuming and inefficient. The paper
proposes combining ground hyperspectral, UAV multi-spectrum, environmental data and field survey for dynamic monitoring of
large-scale spider mite damage. Firstly, cotton canopy hyperspectral data and low-altitude-scale UAV multi-spectral data in
different cotton periods are collected separately by analyzing the original hyperspectral spectrum and first-order differential
spectral characteristics, four sensitive bands of spider mite damage are extracted as below: green light band near 553 nm, red
light band near 680 nm, red side band of 680~750 nm, and near infrared band of 760~1 350 nm, which are also included in the
multi-spectrum carried by UAV. Secondly, the correlation analysis among 23 vegetation indices, 13 field environmental data,
and the occurrence of spider mites surveyed on the ground is done. SAVI, OSAVI, TVI, NDGI, average humidity,
temperature-humidity coefficient and average soil temperature of 10 cm are all significantly correlated with spider mite occurrence
(sig<< 0.01); RDVI, RVI, MSR., maximum temperature, average temperature, accumulated temperature, the highest
temperature of 10 cm soil and the average humidity of 10 cm soil all reach a significant correlation level with the occurrence of
spider mite damage (sig<C0. 05). 15 characteristic values with sig values below 0. 05 were selected; cotton field mite monitoring
models based on single environmental data, single vegetation indices, and a combination of environmental data and vegetation
indices are established respectively using support vector machine (SVM). Finally, from the optimum model, we can draw the
spatial distribution map of spider mite damage in different periods and calculate the proportion of spider mite damage are based on
the number of spider mite damage and healthy pixels in the statistical distribution map. Then the field environmental data is
analyzed for correlation, the environmental factors most closely related to the spider mite area value are determined by multiple
stepwise regression analysis, and the cotton field spider mite area prediction model is established. The results show that the
accuracy rate of the cotton field spider mite monitoring model based on a single environmental data is 62.22% ., while the
accuracy rate of the cotton field mite monitoring model based on a single vegetation index is 75.56%. Moreover, the most
effective model is based on the combination of environmental data and vegetation indices with an accuracy rate of 80%. The
coefficient of determination of the spider mite area prediction model is R* =0. 848. In this study, based on multi-source data, the
cotton field spider mite occurrence monitoring model and spider mite area prediction model can provide a reference for the large-

scale monitoring and trend warning of cotton field mite damage in Xinjiang.
Keywords Unmanned aerial vehicle remote sensing; Cotton spider mite; Environmental data; Monitoring; Prediction
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