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L. Ratio Vegetation Index(RVI) =NIR/R
indices

Normalized Difference Water Index(NDWI) = (G—NIR) /(G+ NIR)
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ExG-ExR
Normalized Difference Index(NDD =(G—R)/(G+R)
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Table 2 Correlation analysis of image-based VIs from multispectral sensor and ground-based NDVI
Inoculation zone Infection zone
Model R? RMSE Model R? RMSE
NDVI y=0.916x—0. 274 0.914# 0.024 y=0.969x—0. 328 0. 863" 0.024
RVI y=2.565x+0.214 0. 898> 0.075 y=23.008x—0.095 0. 848> 0. 080
NDI y=0.773x—0. 251 0. 868¢ 0. 026 y=0.856x—0. 321 0. 812¢ 0. 026
ExR y=—0.632x+0. 342 0. 867 0.021 y=—0.7052+0. 402 0. 809 0.022
ExG-ExR y=1.494x2—0. 605 0. 866 0.051 y=1.674x—0. 747 0. 799 0.053
G y=0.287x+0. 246 0. 857 0.010 y=0.323x+0.219 0.782 0.011
ExG y=0.862x—0. 263 0. 857 0.030 y=0.970x—0. 344 0.782 0.032
R* y=—0.246x+0. 420 0. 847 0. 009 y=—0.272x+0. 444 0. 796 0. 009
NDWI y=—0.154x+0.028 0. 495 0.013 y=—0.1322x+0.015 0. 304 0.013
B~ y=—0.0412x+0. 334 0.218 0.007 y=—0.051x+0. 338 0.183 0.007
Note: a is the best result; b is the second result; c is the third result
x3 FARAERFEGERELS N NDVIHEXESH
Table 3 Correlation analysis of image-based VIs from visible light sensorand ground-based NDVI
Inoculation zone Infection zone
Model R? RMSE Model R? RMSE
NDI y=0.328x—0.187 0. 875% 0.011 y=0.3472x—0. 216 0. 703" 0.014
ExG-ExR y=0.702x—0. 459 0. 868" 0.024 y=0.7342—0.515 0. 702> 0. 030
ExR y=—0.264x+0.296 0. 864°¢ 0. 009 y=—0.285x+0. 323 0. 696 0.012
G* y=0.1462+0. 279 0. 854 0.005 y=0.1502+0. 269 0. 688 0. 006
ExG y=0.4372x—0.163 0. 854 0.016 y=0.4492—0.192 0. 688 0.019
R~ y=—0.085x+0.411 0.788 0. 004 y=—0.097x+0. 423 0.610 0. 005
B* y=—0.061x+0.311 0.530 0. 005 y=—0.053x+0.308 0. 303 0. 005

Note: a is the best result; b is the second result; c is the third result
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Abstract Efficient and non-destructive assessment of crop disease grade is of great significance to the practical agricultural
production and research. In this study, the feasibility of low-altitude UAV (Unmanned Aerial Vehicle) remote sensing platform
for the disease grade assessment of rice Sheath Blight (ShB) was discussed. Then the spectral response differences of visible
light sensor and multispectral sensor and their effects on the spectral reflectance acquisition of rice with ShB were analyzed. And
rice ShB monitoring effects of two kinds of sensors were compared quantitively. The study area consisted of 67 rice plots with
different varieties, each of which was divided into inoculation zone and infection zone. The drone was Phantom 3 Advanced, a
small consumer-grade UAV made by DJI-Innovations company, and the payloads were the self-contained visible light sensor and
Micasense RedEdge™ multispectral sensor to acquire remote sensing images respectively. At the same time, the rice ShB disease
grades were investigated by manual expert recognition and measured NDVI was obtained with Trimble's GreenSecker® Handheld
Crop Sensor. Remote sensing images were preprocessed by image mosaic, layer stacking and radiometric calibration. A total of
134 plots in inoculation and infection zones of visible light image were used to calculate seven kinds of visible light vegetation in-
dices, namely NDI (Normalized Difference Index) , ExG (Excess Green), ExR (Excess Red), ExG-ExR, B* , G* and R*. Be-
sides the above seven kinds of visible light vegetation indices, multispectral image was calculated by three kinds of multispectral
vegetation indices additionally, namely NDVI (Normalized Difference Vegetation Index), RVI (Ratio Vegetation Index) and
NDWI (Normalized Difference Water Index). The correlation between the image-based vegetation index and ground-based NDVI
was analyzed, and the optimal image-based vegetation indices of the visible light and multispectral sensor were selected to estab-
lish the disease grade inversion model of rice ShB. The results of correlation analysis showed that the fitting degree of image-
based NDVI and ground-based NDVTI based on multispectral sensor was the highest, and R* was 0. 914 and RMSE was 0. 024 in
the inoculation zone, while R* and RMSE were 0. 863 and 0. 024 respectively in the infection zone. As for the visible light sen-
sor, the correlation between image-based NDI and measured NDVI was best, and R* was 0. 875 and RMSE was 0. 011 in the in-
oculation zone, while R* was 0. 703 and RMSE was 0. 014 in the infection zone. The consistencies of the same image-based vege-
tation index and ground-based NDVI of two kinds of sensors and two kinds of zones were compared, which revealed that NDI,
ExR., ExG-ExR, G*, ExG, R* except B % were mainly highly correlated with the measured NDVI. In the inoculation zones
with severe disease, the two kinds of sensors had similar effects on the detection of rice ShB. but the monitoring effect of multi-

spectral sensor was more precise and sensitive in infection zones with relatively lighter disease. The disease grade inversion model



1198 i 2% 5 61 43 Hr %39 %

of rice ShB established by NDVI based on multispectral sensor was effective, whose R* reached 0. 624, and RMSE was 0. 801
and prediction accuracy was 90. 04 %. The disease grade inversion model established by NDI based on visible light sensor was
slightly worse. whose R?* was 0. 580, and RMSE was 0. 847 and prediction accuracy was 89. 45%. The spectral response curves
of visible light and multispectral sensor were compared and analyzed. The visible light sensor can obtain three bands of red,
green, blue in the range of visible light, and wavelength range overlaps with each other, while the multispectral sensor including
five imaging units can independently obtain five narrow-band spectral bands from visible light to near infrared providing subtler
spectral information. Through comparing the average reflectance curves of rice in inoculation zone and infection zone, the multi-
spectral sensor not only reflected bigger difference than visible light sensor in the visible light band, but also represented more
obvious difference in the red and near infrared band, which demonstrated that the professional narrow-band sensor had an advan-
tage over broad-band consumer-grade sensor in the rice ShB monitoring. In conclusion, it is feasible to evaluate the disease grade
of rice ShB based on the low-altitude UAV remote sensing platform with visible light and multispectral sensor. The multispectral
sensor is precise and sensitive which can be used for early detection of rice ShB, and the visible light sensor is less accurate but
economical and easy to popularize. The results of this study are expected to provide decision support for diseases control and be

beneficial to promoting precision agriculture and ensureing food security.
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