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Abstract:  Using vegetation index (VI) and red edge parameter (REPS) as model factors, multivariate linear re-
gression (MLR) was used to construct a biomass estimation model for winter wheat in different growth periods, to effective-
ly and better monitor the growth of winter wheat and provide technical means for rapid monitoring of crops in precision agri-
culture. The correlation of VI and REPS with biomass of winter wheat was analyzed first. Then MLR+VI model, MLR+REPS
model and MLR+VI+REPS model were constructed by MLR respectively. Finally, the optimized model for estimation of bio-

mass in winter wheat was applied in hyperspectral images taken by unmanned aerial vehicles to verify the feasibility of the

models. The results showed that the vegetation indices with
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ratio index (SR) and modified soil-adjusted vegetation index ( MSAVI) respectively, and the red edge parameters with the

highest precision were red edge amplitude/minimum amplitude, red edge amplitude and red edge amplitude respectively.

The effects of MLR+VI model, MLR+REPS model and MLR+VI+REPS model were better than the models constructed by

single vegetation index or single red edge parameter. The verification results of the MLR+VI model, MLR+REPS model and
MLR+VI+REPS model in different growth periods were also good, and the MLR+VI+REPS model showed the highest preci-

sion, the coefficient of determination (R*) and normalized root mean square error ( NRMSE) of the model were 0.783 2

and 12.13% respectively.
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Fig.1 Location of the research area
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Table 1 Distribution of biomass values in different growth periods

of winter wheat

B A 7 AR e/ ME FoRME

(kg/m®) (kg/m®) (kg/m*)  (kg/m?)
AR 0.511 4 0.506 3 0.219 4 0.826 6
T 0.779 0 0.766 3 0.341 9 1.273 7
T 1.099 3 1.134 8 0.545 6 1.759 9
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Table 2 Spectral indices selected
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Fig.2 Comparison of reflectance curves of UHD185 and resam-

pled reflectance curves of ASD in different growth peri-

ods of winter wheat
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Table 3 Correlation between spectral indices and biomass in differ-

ent growth periods of winter wheat

JEIEE %L L ™
ZERE JFAE ER
SR 0.762*  0.831™  0.694*
MSR 0.764*  0.800™  0.680**
NDVI 0.786™  0.763*  0.696 ™
NDVI = SR 0.768*  0.824™  0.698*
MSAVI 0.697*  0.801™ 0.687*
TCARI -0.367"* 0.202 0.067
OSAVI 0.738™  0.774™  0.677™
TCARI/ OSAVI -0.692*  -0.571" -0.637*
L1 HRE (Dr) 0.628  0.795*  0.701**
e/ MIRIE (Dr,) -0.542* -0.133  -0.243

LLIAPRNE/ e/ NIRWE ( D/ Dr ) 0.725*  0.536™  0.651"
ZLFTH AR (SDr) 0.602**  0.786™ 0.670*
LI30 {5 (REP) 0.454™  0.473™  0.593 ™

JCHER UL 2, FRTE 0.05 AKFREHC, ™ FRTE 0.01 KP4
FHAR,
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Table 4 Estimation of biomass accuracy by vegetation indices and red edge parameters in different growth periods

SR A Y A EROR R AN 3 AN B IR
() 2/3(32 /™) A BB SR N 5 o, 3 MEFE
WIRIAFEARR) 1/3(16 4~ T 56IE, Bk 45 540 &
3.4 5 PR,

ZE T FAE T
BlLE . RMSE NRMSE @ RMSE NRMSE e RMSE NRMSE

(ke/m?) (%) (kgm®) (%) (kgm®) (%)
SR 0.554 5 0.102 3 20.06 0.695 0.113 4 14.39 0.447 1 0.214 4 19.34
MSR 05490  0.1029 20.18 0.6559  0.1205 15.28 04299 02176 19.63
NDVI 0.606 3 0.096 2 18.86 0.6369  0.1237 15.70 04374 02162 19.51
NDVI # SR 05690  0.1006 19.73 0.6834  0.1155 14.66 04517 02135 19.26
MSAVI 04136  0.1174 23.02 0.6415  0.1230 15.60 04677 02103 18.97
08AVI 0.485 3 0.109 9 21.56 0.6416  0.1229 15.59 0.436 3 0.216 4 19.52
TCARL/OSAVI 0521 1 0.106 1 20.80 02738 0.1750 22.20 03499 02324 20.97
Dr 0.313 5 0.1270 24.90 0.621 0.126 4 16.04 0.498 1 0.204 2 18.42
Dr/Dr,, 0.555 1 0.102 2 20.05 022669  0.180'5 22.91 04317 02173 19.60
SDr 02829 01298 25.45 0.6063  0.128 8 16.35 04497 02138 19.29
REP 0.267 3 0.133 6 26.20 02073 0.183 5 23.28 03994 02240 20.21
TR RN 2,

®5 AREEFHETESTLMEDIT(MLR) SHEEKESE(VI) LB SH(REPS) HENEENEHBERBNHER

Table 5 Analysis results of estimation models for biomass based on multivariate linear regression ( MLR), vegetation index ( VI) and red

edge parameter ( REPS) in different growth periods of winter wheat

ZE T FAE] T
s @ RMSE NRMSE o RMSE NRMSE & RMSE NRMSE
(kg/m?) (%) (kg/m?) (%) (kg/m*) (%)
MLR+VI 0.698 5 0.084 2 16.51 0.761 6 0.100 3 12.72 0.7118 0.157 1 14.18
MLR+REPS 0.605 3 0.096 3 18.88 0.670 4 0.117 9 14.96 0.640 5 0.172 8 15.59
MLR+VI+REPS  0.715 6 0.081 7 16.03 0.783 2 0.095 6 12.13 0.722 6 0.1518 13.70
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i -~ NRMSE=18.89% " | 7 NRMSE=1556% # 027 NRMSE=1647%
0 02 04 06 08 0 02 04 06 08 10 12 0 7627040608 1.0 12 1.4 1.6
AWy i S (kg/m?) AWy i S (kg/m?) A S IE (kg/m?)

B3 ZhEEYEMERISTLMEDIRHERES(MLR+VI) HEIE

Fig.3 Verification of multivariate linear regression+vegetation index ( MLR+VI) model for biomass estimation of winter wheat
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Fig.5 Verification of MLR+VI+REPS model of winter wheat biomass estimation in different growth periods
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