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Retrieving Soybean Leaf Area Index Based on High Imaging Spectrometer
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Nanjing

Abstract: Hyperspectral remote sensing can continuous access to a spectral image this technology can greatly improve the es—

timation of leaf area index level. Using unmanned aerial vehicle ( UAV) with high imaging spectrometer for crop spectral in—

formation inversion of leaf area index of precision agriculture production and management is of great significance. This article

chose the triangle ratio vegetation index ( TVI)

tion degree sorting red pool information criteria and partial least squares ( GRA-PLS-AIC)

vegetation index ( RVI) NDVIL,s NDVI and RDVI using the grey correla—

being combined with the field

measured leaf area index data the empirical model was used to construct multiple index inversion model. By unmanned aerial

vehicle UAV for high platform synchronization with a digital camera and imaging spectrometer gained the soybean throughout

the reproductive period of remote sensing image in Jinghang canal area at the same time used LAI2200c¢ plant canopy analy—

zer for determination of leaf area index took the measurement data of remote sensing image and the ground inversion of leaf ar—

ea index. Results showed that many exponential model were builded in the whole soybean reproductive period

the modeling

results R and RMSE of the predicted and the measured values were 0. 701 and 0. 672 respectively the verification results R*

and RMSE were 0. 695 and 0. 534 respectively forecasting model had higher precision and reliability using the model to the

inversion of LAl was accurate the generated soybean LAI distribution reflected the reality of the local soybean was growing.

Platform for multiple UAV rotorcraft synchronization an high-definition digital camera and a high imaging spectrometer made

the large soybean leaf area index inversion feasible and build more index model for the whole growth period.

Keywords: Unmanned aerial vehicle ( UAV) ; Remote sensing; Digital; High imaging spectrometer; Vegetation index; Leaf

area index
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Table 1 Main parameters of High-definition digital camera
Parameter Parameter value Parameter Parameter value
Model Canon Powershot G16 Brand Canon
Sensor size/mm 7.530 x5. 647 Weight/g 356
Focal length/mm) 6 Sampling frequency/Hz 12
Pixel 4000 x 3000 Waveband
Field angle/® 63.4 x49.7 Ground resolution/m 0.016
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2
Table 2 Main parameters of high imaging spectrometer
Parameter Parameter value Parameter Parameter value
Model UHD 185 Spectral range/nm 400 ~ 1000
Brand Cubert Spectral resolution/nm 2
Pixel resolution/m 0. 004 Scanning speed/lines 15 ~60
Field angle/° 20 Line width/m 8
Focal length/mm 25
LAI2200C 1.3.1
( 2
o o Arc-
LAI-2200C GIS
51 (4 1 ArcGIS
S5m 0.5 m) o LAI ArcGIS
IDL
1
4
LAI o
1.3 0
( GRA-PLS-AIC)
o LAI —
1 o
2
Fig. 2 Digital orthogonal projection and cell division
1 (LAT) 2 g 4 proj
1.3.2 MATLAB
Fig. 1 Analysis flow chart of soybean Leaf area ( NDVI) (RVI) .
index in the study area (DVI) |
( GNDVI) . ( NLI) .
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Table 3 Summary of spectral indices related to LAI

Vegetation index A formula to calculate
NIR -R
NDVI NDVI = NIRTR
NIR
RVI RVI = R
DVI DVI=NIR - R
. _NIR-G
GNDVI GNDVI = NIR+G
NLI nLp = MR - lf
R + NIR
R75() - R7[)5
NDVI;s NDVI;ps = m
NIR - R
RDVI =————
RDVI V' NIR + R
. NIR -R
SAVI SAVI = m( 1+ L) L=0.5
NIR - R
EVI EVI=2.5 NIRv6R-7.5B +1
TVI TVI =60( NIR - G) - 100( R - G)
1.3.4 1.4
(R ( RMSE)
LAI o
R’ RMSE LAI
2
1.3.5 8 2.1
AlC Agisoft LLC
AIC =(-2) In(a) +2(b) (1) Agisoft PhotoScan
AlIC Agisoft PhotoScan
AIC =nIn( S2) +2(k +1) (2)
a b (1) POS
;n ; 512, y k PhotoScan 1 (2)
1.3.6 1 (3)
o 1 (4) 1 (5)
;1 (6) DOM.,
PhotoScan
Y=a, +a, X, +a,X, + " +a,X, (3) ENVI
a, ya; X, ArcGIS ( 3)-
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3 . .
Fig. 3 Digital orthogonal projection image of flowering podding

fulling and mature stages in the study area

ENVI 0 o
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Fig. 4 Imaging hyperspectral images of flowering podding

~

fulling and mature stages in the study area

( RVI) .
( GNDVI) .
( NDVL)
( SAVI) .

770 nm

(EVI)

750 nm

(TVI) 10



605

5 10 (LAI)

Fig. 5 Sensitivity analysis of ten vegetation index
and leaf area index ( LAI)

LAI 4
LAI
RDVI  LAI (P <0.05)
LAI (P <

0.01) . RVI.TVI.NDVI.EVI.SAVI.DVI.GNDVI

2.3 LAI
2.3.1 LAI
5 LAI
. TVI>RVI > NDVL,,; > NDVI > RDVI > EVI >
SAVI > DVI > GNDVI > NLI.
TVI 0.692

NLI 0.537,
4 LAI

Table 4 Correlation between vegetation index and LAI

Vegetation index r Vegetation index r
RVI -0.68310** EVI -0.61186**
TVI -0.57217** SAVI -0.61332**
NDVIzs 0.521781** DVI ~0.58990* *
NDVI -0.70194** GNDVI -0.52021**
RDVI -0.64000" NLI -0.53775**
TR 0.05 0.01

" and ** indicate significant correlation at 0.01 and 0. 05 level

respectively.

NLI  LAI NDVL,, LAI
5 LAI
Table 5 Grey relational degree and rank of evaluation index for LAI
Assessment index (&=0.3) Grey Order Assessment index (£=0.5) Grey Order
correlation degree correlation degree
TVI 0. 692198 1 EVI 0. 594291 6
RVI 0. 662711 2 SAVI 0.59376 7
NDVI;s 0. 645957 3 DVI 0. 582306 8
NDVI 0. 596651 4 GNDVI 0. 582121 9
RDVI 0.594333 5 NLI 0. 536761 10
AIC 0
6 AIC
AIC . Table 6 Comparison of PLS
5 AIC -
12. 19, AIC The number of the independent variables Al
5 1 142. 46
( 6). 2 41.27
LAI 3 41.55
10 10 4 33.76
LAI . 5 -12.19
. 6 36.77
( GRA-PLS-AIC) 10 7 -10.44
(TVI) . (RVI) | 8 844
( NDVL,,) . ( NDVI) 9 33.76
10 -10. 20

(RDVI) 5 5
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2.3.2 2.3.1 0.701 0.672 o
2015
5 LAI R* RMSE 0.695  0.534
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VI RDVI, 7 6 GRA-PLS-
AlC LAI 2/3 R*> RMSE GRA PLS-AIC
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Table 7 Estimation and validation of LAI
Modeling Validation
The modeling method R? RMSE R? RMSE
Samples No. Samples No.
PLS 138 0.701 0. 672 68 0. 695 0.534

6 GRA-PLS-AIC
Fig. 6 GRA-PLS-AIC for modeling and validation sets the relationship

between the leaf area index predicted and the measured values

LAT

LAI = - 34.344 + 0.067TVI + 41.936RVI -
1. 52INDVI,,s —256. 061NDVI +274. 102RDVI  (4)

- LAI
NDVI RDVI 5
2.4 LAI
LAI

o

RVI. TVI. NDVI,

7 LAI
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7 N N

Fig. 7 Leaf area index of soybean flowering podding fulling and mature stages in the study area
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