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Fig.1 Geographic location of the study area and spatial distribution of sample points
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12,2 RANGE LI RIE sk 2
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Table 1 Parameters of MicaSense RedEdge-M multispectral

camera
. K ity v [T ES
B C 1 S 1 Panel
Waveband entra pectra anet
wavelength/nm bandwidth/nm reflectivity
5 Blue 475 20 0.49
£k Green 560 20 0.49
2T Red 668 10 0.49
IT4T 4 Near infrared 840 40 0.49
211J1 Red edge 717 10 0.49
1.3 WALEWE
131 4FAesstdF
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Table 2 Vegetation indexes for areca yellow leaf disease monitoring

TE B $E2L Vegetation indexes A3 Formulas 22 Y ifik References
167 % U3 Anthocyanin Reflectance Index (ARI) Ry = Ro o [23]
FEAHAEMREL Difference Vegetation Index (DVT) Ry = Ry [24]
W3 i F5 % Enhanced Vegetation Index (EVT) 2.5( Ry = Reea )/ (R + 6Ryeq = 7.5Ry,, +1) [25]
231 ) — LB FE 2L Green Normalized Difference Vegetation Index (GNDVI) (Rur = Reem )/ (Raie + R ) [26]
& 4O - 45 R 42 M 5 #5 2L Modified Soil Adjusted Vegetation Index (MSAVT) %[(ZRNIR +1) =Ry +1) = 8(Ryg — Rea)] [27]
SO TR S LE{ F542 Modified Simple Ratio Index (MSR) (Rug / Reea = 1)/ (JRa / Rega 1) [28]
JA—{b 2 5 4% 540 Normalized Difference Greenness Index (NDGI) (Roen = Rect )/ (Reremn + Rea) [29]
VAL A 550 Normalized Difference Vegetation Index (NDVT) (Rar = Reca )/ (Ra + Rea) [30]
et 33T w550 Optimized Soil Adjusted Vegetation Index (OSAVT) 1A16[(R,w0“m = Ry / (Reooum + Rezoum + 0.16)} [31]
FEAE 2L [ 5 $5 40 Plant Senescence Reflectance Index (PSRI) (Rm o~ Rsoom )/ Risomm [32]
LA 5% Renormalized Difference Vegetation Index (RDVI) (Reoomm ~ Rszomm) / (Y Rso0mm + Rezomm) [33]
ELE R #5450 Ratio Vegetation Index (RVI) R/ Reca [34]
T HEHATRIB R 2L Soil Adjusted Vegetation Index (SAVI) L5( Ry = Ruea )/ (Rug + Ry +0.5) [35]
=S UREIREL Triangular Vegetation Index (TVI) 0.5[120( R = Resoum ) = 200( R = Resonm) | [36]
T shAVu B A F5 2 Wide Dynamic Range Vegetation Index (WDRVI) (O'IRT\IR — Ry )/(O'IRNIR + RRed) [37]

E: Rpiues Roreens Rrea Fl Rar 2P FRRIEE B, SRIEBY . LDBBLRIIT LM BRI s Ri(i=550+ 670+ 678+ 700 800 FlI 5 670 mm)Z& /1%t W i £ ) [ S 5%

Note: Rpjue; Rred> Rareen and Ryir represents the reflectivity of blue waveband, green waveband, red waveband and near-infrared waveband, respectively; R(i=550, 670,

678, 700, 800 and 5 670 mm) is the reflectivity of corresponding wavelength.
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Fig.2 Relationship between the numbers of feature variables and
overall accuracy of classification
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Table 3 Comparison of the classification results of areca yellow leaf disease based on different models

] A e Ll Cili s LN oy 2E B RE BRI Kappa Z%(
Model Sample Healthy Slight Serious  Total sum  Omission error/%  Commission error/% _Overall accuracy/% Kappa coefficient
{i# 5 Healthy 16 3 0 19 11.1 15.8
BPNN %Jﬁ Slight 2 19 0 21 13.6 9.5 91.7 0.875
¥ Serious 0 0 20 20 0 0
A Total sum 18 22 20 60
{g B Healthy 14 2 0 16 222 12.5
#2 % Slight 4 17 0 21 22.7 19 85.0 0.774
RE % Serious 0 3 20 23 0 13
A Total sum 18 22 20 60
{i  Healthy 18 6 0 24 0 25
SVM #%JE Slight 0 13 2 15 40.1 133 81.7 0.727
FJ Serious 0 3 18 21 10 14.3
JM Total sum 18 22 20 60

M 3 WTUUEH, 3T BPNN. RF il SVM HIKERE
T IR Y 34 FLAT B 1R R S o L, BPNIN AR
T OA H5i, 1A% 91.7%, RF B OA A 85.0%,

AT BPNN #5781 SVM #E ALK OA Mk, 4 81.7%,
H. BPNN Fi2 (] OA Et RF F1 SVM B84 51l it 6.7%F0
10.0%: M Kappa RECKE, BPNN B[] Kappa 250N
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Fig.3 Spatial distribution of arecanut yellow leaf disease severities based on BPNN, RF and SVM
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Remote sensing monitoring of areca yellow leaf disease based on
UAY multi-spectral images
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Zhao Jinling?, Jin Yu'?, Ye Huichun®>**, Huang Wenjiang*%3, Dong Yingying?,

Fan Lingling!, Ma Huigin?, Jiang Jing'?
(1. National Engineering Research Center for Agro-Ecological Big Data Analysis & Application, Anhui University, Hefei 230601, China;
2. Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China;
3. Hainan Key Laboratory of Earth Observation, Sanya 572029, China)

Abstract: Yellow leaf disease is a serious disease that endangers the growth of areca, it is urgent to monitor the infection
severity and spatial distribution in time and accurately. However, the traditional monitoring methods are mainly depend on
visual inspection and manual investigation, which affects the efficiency and spatial scope of monitoring. Low altitude UAV
remote sensing technology can effectively solve the problems of insufficient optical satellite images acquisition caused by
cloudy and rainy weather in areca planting area, and improve the real-time monitoring of areca yellow leaf disease. In this
paper, in order to identify the severities and spatial distribution of areca yellow leaf disease, five band(including blue, green,
red, near-infrared and red-edge wavebands) multispectral images were obtained by using the MicaSense RedEdge-M
multispectral camera mounted on the DJI Phantom 4 Pro V2.0. Based on the Minimum Redundancy Maximum Relevance
(mRMR), three sensitive features were selected from 15 potential vegetation indexes. Using Back Propagation Neural
Network(BPNN), Random Forest(RF) and Support Vector Machine(SVM) classification algorithms respectively, a monitoring
model of areca yellow leaf disease severity was constructed. A total sixty in-situ sampling points were selected and the disease
index (DI) were obtained, according to the characteristics of the disease and the separability of remote sensing images, the
severities of the disease were divided into three grades: health (DI<1%), slight (1%<DI<<10%) and serious (DI=10%), and
the number of samples was 18, 22 and 20 respectively. According to the priority principle of importance of feature variables,
Ratio Vegetation Index (RVI), Modified Simple Ratio Index (MSR) and Anthocyanin Reflectance Index (ARI) were finally
selected. Two-tier neural networks including hidden layer and output layer were used to build the BPNN model. The results
showed that the overall accuracy (OA) of BPNN model was 91.7%, which was 6.7% and 10.0% higher than that of RF model
and SVM model, respectively. The Kappa coefficient of the BPNN model was 0.875, which was the highest among the three
models. In general, the omission errors and commission errors of BPNN model were the smallest, the errors of health, slight
and serous levels were 11.1%, 15.8%, 13.6%, 9.5% and 0, 0 respectively. Consequently, it is feasible to monitor the severities
of arecanut yellow leaf disease based on the UAV multispectral image. The study can provide a reference for the diseases
monitoring of other tropical crops.

Keywords: unmanned aerial vehicle; remote sensing; areca yellow leaf disease; multispectral image; sensitive characteristic



