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Unmanned aerial vehicle remote sensing inversion of relative chlorophyll
content of maize leaves and identification of their indicator leaf at different
flight altitudes
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Abstract: The detection accuracy of chlorophyll content in maize leaves is affected by spatial heterogeneity. The pur-
pose of this study was to investigate the relationship between relative chlorophyll content ( SPAD value) and vegetation indi-
ces of maize leaves based on unmanned aerial vehicle (UAV) remote sensing technology, so as to clarify the indicator leaf
and the best UAV flying altitude. The remote sensing estimation model of relative chlorophyll content based on vegetation in-

dices was constructed by random forest method, and the model was evaluated. The results showed that relative chlorophyll

content in maize leaves at grain filling stage was higher
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than that at milking stage, and relative chlorophyll content

of middle leaves was higher than that of upper and lower
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leaves. During the grain filling stage and milking stage,
the SPAD value of maize leaves was indicated by the fifth
leaf, and the best precision for the regression model (R’ =

0.94) was obtained when the flying altitude of UAV was



B B AR I AT 1 T F R R FAR X 5 ek B T AL S S8 B HA R s i (2 U 1235

20 m. The results can provide technical support for improving the accuracy of remote sensing monitoring of relative chloro-

phyll content, and provide theoretical basis for crop smart management in the fields.
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Fig.2 Image segmentation by excess green index
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Table 1 Visible light vegetation indices related to relative chlorophyll content

ER s AR SCHk
EEA ISR (DVI) DVI=R-B [21]
SR4T HUIEFE S GRRI) GRRI=G/R [22]
PELT LLIEHE 2L ( BRRI) BRRI=B/R [23]
ELE L IEHE ZL( BGRI) BGRI=B/G [24]
L4 L {EFEE0(RGRI) RGRI=R/G [25]
2 EFRIEARAE (NRT) NRI=R/(R+G+B) [26]
AR (NG NGI=G/(R+G+B) [26]
W GARMEARAA (NBD) NBI=B/(R+G+B) [26]
TJ UL B2 R A PR AL (VD V) VDVI=(2G-R-B)/(2G+R+B) [27]
A — 4% 3 L (A R S0 (NPCT) NPCI=(R-B)/(R+B) [28]
VA — L 25 2 S AL WA £ (NGBDI) NGBDI=(G-B)/(G+B) [29]
IH—Afb 2R 21 25 4550 ( NGRDI) NGRDI=(G-R)/( G+R) [30]
BB, 8% (CIVE) CIVE=0.44R-0.88G+0.39B+18.79 [31]
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Fig.4 Correlations between vegetation index and leaf SPAD at different leaf positions of maize
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Table 2 Correlations between vegetation index captured at different flight heights and SPAD value of indicator leaf

AR AT R AR RS R SPAD {RLIE] R AT 5C 3R AR

ES=Rine ] M FEEL
10 m 15m 20 m 25 m 50 m 75 m
R DVI -0.04 0.01 0.01 0.21 0.27 0.17
GRRI -0.58 -0.59 -0.60 -0.58 -0.41 -0.18
BRRI 0.52 0.51 0.63* 0.54 -0.22 -0.11
BGRI 0.61 0.59 0.65* 0.59 0.31 0.04
RGRI 0.58 0.59 0.59 0.57 0.41 0.18
NRI 0.28 0.41 0.26 0.37 0.36 0.31
NGI -0.62 -0.60 -0.64 -0.60 -0.43 -0.11
NBI 0.59 0.57 0.65" 0.58 0.04 0.00
VDVI -0.62 -0.60 -0.64" -0.60 -0.43 -0.11
CIVE 0.53 0.51 0.37 0.48 0.35 0.05
NPCI -0.52 -0.51 -0.63" -0.55 0.22 0.12
NGBDI -0.62 -0.59 -0.65" -0.59 -0.31 -0.04
NGRDI -0.58 -0.59 -0.59 -0.58 -0.41 -0.18
L DVI -0.21 -0.13 0.42 0.35 0.24 -0.11
GRRI -0.54 -0.61 -0.50 -0.60 -0.46 -0.26
BRRI 0.58 0.75" 0.64 " 0.61 0.01 0.21
BGRI 0.66 0.79* 0.69 " -0.69" 0.35 0.31
RGRI 0.53 0.60 0.56 0.60 0.45 0.25
NRI -0.03 0.09 0.13 0.26 0.25 0.05
NCI -0.66" -0.74" -0.66* 0.68" -0.50 -0.33
NBI 0.64* 0.79** 0.69 -0.68" 0.18 0.29
VDVI -0.66" -0.74" -0.66* 0.68" -0.58 -0.33
CIVE 0.59 0.59 0.34 0.14 0.10 0.32
NPCI -0.58" -0.75" -0.64" -0.61 -0.01 -0.22
NGBDI -0.66" -0.79" -0.69* -0.69" -0.36 -0.32
NGRDI -0.53 -0.61 -0.56 -0.60 -0.45 -0.26
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Table 3 Performance evaluation results of random forest regression models

TP AT BE

TBETR (m) R? MAE MSE RMSE

ik fE (FET 6 FIRIHHEE0) 10 0.92 0.67 0.90 0.95
15 0.90 0.84 1.09 1.04

20 0.94 0.69 0.64 0.80

25 0.87 0.88 1.41 1.19

50 0.73 1.07 2.98 1.73

75 0.66 1.13 3.78 1.95

IRFBE AT (LT 13 P e %) 10 0.62 2.11 5.23 2.29
15 0.66 1.42 3.41 1.85

20 0.84 0.53 0.38 0.62

25 0.43 2.29 6.56 2.56

50 0.68 1.25 1.74 1.32

75 0.69 2.00 4.37 2.09

R? JUSE BB MAE I 4a0 5822 s MSE . 977 1822 s RMSE . U7 i 22 . 13 FMEHA BOIL SR 156 FAEH IR BN W20 L4880 (BRRI) |4k 1L
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Fig.5 Prediction of SPAD values of maize leaves based on ran-

dom forest regression model
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Fig.6 The importance of features in random forest models
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