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Retrieving Method for Leaf Area Index of Winter Wheat by
Combining PROSAIL Model with VMG Model

WANG Xiaoxuan' LU Xiaoping' YANG Zenan' GAO Zhong' WANG Lu' ZHANG Bowen’

(1. Key Laboratory of Spatio-temporal Information and Ecological Restoration of Mines,
Ministry of Natural Resources, Henan Polytechnic University, Jiaozuo 454003, China
2. Hebei Foresiry and Grassland Survey Planning and Design Institute , Shijiazhuang 050056, China)

Abstract; Aiming at the problem that the physical model has poor anti-noise ability and is easy to overfit,
a PROSAIL model was proposed by combining VMG ( VARI ( visible atmospherically resistant index) ,
MGRVI (modified green red vegetation index) and GRRI ( green red ratio index) ) to retrieve the leaf
area index (LAI) of winter wheat. The experiment was conducted based on unmanned aerial vehicles
(UAV). Shanyang District in the southeast of Jiaozuo City, Henan Province was selected as the
experimental area, and LAI data of winter wheat during two growth periods were measured. Firstly, an
RGB vegetation index model was constructed, and the optimal VMG model was selected to invert LAI of
winter wheat. Then, the sensitivity of PROSAIL parameters was analyzed to obtain the optimal parameter
value and invert winter wheat LAI. Finally, the two models were combined using the very fast simulated
annealing ( VFSA) algorithm to obtain the optimal LAI of winter wheat. The results showed that VFSA
can effectively combine PROSAIL model and VMG model to improve the inversion accuracy, and it was
better than thta of VMG model and PROSAIL model. The coefficient of determination (R®) was higher
than 0. 8, and the root mean square error (RMSE) was lower than 0.4 m’/m’. To sum up, the ground
coverage was increased during the growth of winter wheat, and the method presented had strong radiative
transmission mechanism, providing an effective inversion method for LAT inversion.

Key words: winter wheat; leaf area index; PROSAIL; multiple regression model; very fast simulated

annealing algorithm
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Fig. 1  Study area and sampling points
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Fig.2  Flow chart of winter wheat LAI inversion by
combining PROSAIL model with VMG model
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Tab.1 Formula of vegetation index model

AR i iR 8 HHRAR
DN value of red channel(r) r=DN,
DN value of green channel(g) g=DN,
DN value of blue channel(b) b=DN,
Excess green index( EXG) EXG=2DN, - DN, - DN,
Visible atmospherically resistant DN, - DN,
VARl = —F——
index( VARI) DN, + DN, -DN,
DN,
Green red ratio index( GRRI) GRRI =
DN,
DN,
Green blue ratio index( GBRI) GBRI =
DN,
DN,
Red blue ratio index( RBRI) RBRI = —
DN,
Color intensity (INT) INT = (DNy + DN, +DNy)/3
Kawashima index( TKAW ikaw = 2w = PN
awashima index ( W) _m

Principal analysis

index(IPCA)

component

Modified green red vegetation
index( MGRVT)

Visible
index( VDVI)

VARI MGRVI GRRI( VMG )

differential  vegetation

IPCA =0.994 DN, - DN, | +
0.9611DN, = DN, | +
0.9141DN; — DN, |
MGRVI = (DN% - DN%) /
(DN% + DN%)

VDVI = (2DN, - DN, = DN, )/
(2DN; + DNy + DNy)

VMG = aVARI + bMGRVI - ¢cGRRI

1 :DNg DNy Fil DNy 53 51 3270 38 B AR H B 2k (HE 2L BE L a
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Tab.2 Parameter sensitivity analysis of PROSAIL model

s op N C, C, C. LAT ALA
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3 0.572 715 0. 000 567 0.064 018 0.749 423 0. 899 931 0.440 515
5 0.503 452 0. 000 566 0.061 032 0. 542 086 0. 482 746 0. 622 457
SEE 0.514 182 0. 000 567 0. 062 707 0.694 170 0.732 684 0. 644 074
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Tab.3 Parameter range determination of PROSAIL model
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Tab.4 Correlation coefficients between RGB

vegetation index model and winter wheat LAI
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0
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0
0
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.801 1/0.798 6
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. 8877/0.8893
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Tab.5 LAI estimation model of RGB vegetation index model
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- B [ I Y VARI LAl =0.773 2VARI -0. 241 6 0.5863 0.6325
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2% 7t [l JA AL 7Y VMG LAI =46. 984 OVARI + 16. 518 MGRVI — 13. 501 7GRRI 0.6239 0.5732
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Inversion of winter wheat LAI results by combining

PROSAIL model with VARI model
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