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Hyperspectral estimating models of tobacco leaf area index

ZHANG Zhengyang' , MA Xinming">* | JIA Fangfang', QIAO Hongbo®, ZHANG Yingwu'

1 College of Agronomy, Henan Agricultural University, Zhengzhou 450002, Henan, China
2 College of Information and Management Science, Henan Agricultural University Zhengzhou 450002, China

Abstract; Leaf area index (LAI) is an important biophysical parameter and is a critical variable in many ecology models,
productivity models, and carbon circulation studies. In the present study, we aimed to assess and compare various
hyperspectral models in terms of their prediction power of tobacco LAIL. In a pot experiment, tobacco canopy hyperspectral
reflectance data of the root extending stage, fast growing stage, and mature stage under different water and nitrogen levels
were collected with an ASD FieldSpec HandHeld spectroradiometer, Corresponding tobacco LAI values were also collected.
LAI retrieval methods were evaluated using four vegetation indices: Ratio vegetation Index ( RVI), Normalized difference
vegetation index ( NDVI), Modified soil-adjusted vegetation index ( MSAVI) and Modified second triangular vegetation
index (MTVI2) , and using principal component analysis (PCA) , and neural network ( NN) methods. The LAI estimations
of these methods were then compared. Results indicated that these methods can make robust estimates of LAI
Determination coefficients (R*) of the validated models of the vegetation indices, PCA, and NN were 0. 768 — 0. 852,
0.938 and 0. 889, respectively. The PCA and NN methods showed higher precision. The stability of the PCA validated
model is the best because its root mean square error (RMSE) of 0. 172 is smaller than those of the vegetation indices

(0.237 —0.322) and NN (0.195). Among the vegetation indices, MTVI2 and MSAVI could remove the influence of soil
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and atmosphere and obtain better retrieval accuracy than either RVI or NDVI. Overall, the PCA and NN methods could
improve retrieval precision and therefore be selected for LAI estimation.

The vegetation indices achieved a good level of accuracy in estimating tobacco LAI; however, as they generally use
information from only a few wavelengths, model stability cannot be guaranteed. However, the regression model based on the
vegetation indices does not require a large sample to be assured of accuracy within a certain range. The PCA method can
effectively reduce the number of dimensions and retain the important information. The two main components transformed by
PCA can be interpreted as the visible spectral factor and near-infrared spectral factor, which represented 95.71% of the
variation in the hyper spectral data. PCA can make use of the complementary advantages of different spectral bands, and
lower the random disturbance caused by some bands. This means that PCA can be a reliable and general method for LAI
estimation. The neural network method has a strong nonlinear mapping ability, and does not require normally distributed
data. The model can be effectively trained and tested when a large amount of data is available. Although the neural network
model has a strong ability for linear and nonlinear fitting, it is unable to provide any insight on the power of potential
explanatory variables to explain variation in the data. It is difficult to fully explain the decisions and processes of producing
hyper spectral data output. At present, there are no specific rules that can be followed with the band combinations
employed. Further study is required to understand the effects of integrating hyperspectral data of the bands after 1050 nm

wavelength (for example, from 2500 nm) on the estimation of tobacco LAI with PCA or NN.

Key Words: hyperspectral ; tobacco; leaf area index; vegetation indices; principal component analysis; neural network
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RGeS EE S, MEARVEYI LAY SR A A KOIR I 55975 3 Wi 75 A 3 L2 K P i) 4
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Table 1 Information about the vegetation indices evaluated in the present research

EROE e TR R EOR I 22 50 P B SCHR b
Vegetation index Formula and bands applied Reference
(AR BR 2L RVI

Rgo0/R,
Ratio vegetation Index 800775670 (23]
IH— LA BEHE % NDVI

Rgpo—Rg70 )/ (Rgpo +R,

Normalized difference vegetation index (Rsoo =Rero )/ (Rsoo +Re0) [24]
1B - R R AR B 15 2 MSAVI 1 ;
Modified soil-adjusted vegetation index 2 [2R8f1()+ 1=/ (2Ry90+1) " =8 (Rsoo ~Re0 ) ] [25]
BB — IR = FAFEBAE A MTV2 1.5 [1. 2(Rgp—Rs50) =2. 5 (Rezo —Rss) 1 1]
Modified second triangular vegetation index 2( Rggo+1)2=(6Rgp0=5 +/Reo ) 0.5

ERI IR — TR IR 2 R R A N D BU LA B CER S8 bR B BE R Tr s, XD RO LA 23
FIRPRREMSAE R KT/ IV 22 SR A ke ok | 3k B s n AN B 245 B B0 NI RERS 5 4s
Mo TR E ISR B, R B TR B A B LB A ]

N R 282 20 {H20 80 AR HR i 0 1 55% 90 Fl PRy e e FR b oA 18— A BT U , PR LA A 00 78
SR Z I T A4~ JE HARR SR A 242 e i Ay A 80 72 R i T BP
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P2 BA FFATAL B AELeE AR TR A AN F 2 ) AR R TERUE LS SR A T B . AR
K H BP(back propagation ) #1258 0 28t 151 135 S5 84 A i A % ok TN R 5 LAY B3 S SR A8 4k . BP
2 25 e MATLAB 7.0 "1 Neural Network Toolbox ZEFK
2 HREHMW
2.1 LAT BRGS0

2 P% TR B AR LAL B9[] R0 e e 45 2R o o L DA 2 M 28 B R A0 11 U 9B A 5% 25 RMSE
(root mean square error) YENTEMFEFR , 1B & BRFR MTVI2 B8 e A4 RHE AR Y Sk 28 P A1, A 45 FE B 8 2L
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Table 2 Regression models based upon vegetation indices against LAI and its validation

e A ST Model calibration (n=132) AL IGSE Model validation(n=30)
'EL H
Vegetation indices myEfE] T T R [m] 9 A 5k 2% T T R AL ol I 9 A3 5k 2
Regression model R? RMSE R? RMSE
HOAA AR L RVI y=0.011x"7% 0.796 0.251 0.768 0.322
H—ALHEBEAEEC NDVI y=3. 42455 061 0.813 0.241 0.798 0.281
O SR R A B R MSAVI y=0. 052¢> 3% 0.852 0.217 0.849 0.263
BB IR = M AR E MTVI2 y=2.911x-1.193 0.878 0.202 0.852 0.237

2.2 LAL @ s s 2 o i fli Sk o2

ASCHERE MODIS fZIEEF 1050 nm P 16 /> AT WL RN I 21 A1 33 B rp U 8 K 14 v Y6 1% S5 SR 8080, X 16
AR R A 56 R BGIEAT R B, 1581 KMO ( Kaiser-Meyer-Olkin) Kz B (B 4 0. 797, Ji A 16 MR E A TN T
30T

BE AL BEE R FE 412—678 nm YUY 10 DMK TESE 1A E R0 FA B m 1T, 28 1A E sy
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Pl 6 NP 2 A FE R BA B R, [FELE 2 > F 0 v g B0 /NA F, MR 3 ITEH, X
PIAS FE AR B T RO 16 KA 95. 71% A5 B i M5 B it B AR D BEATT IR IRk i 16 85

R3 BAEBERSENERS ST

Table 3 Principal components of hyperspectral reflectance from PCA

N . L LY NS
41 P 51 Eigenvalue
R BC HFAIEE Bigenvalue Component loading/ % Cumulative loading/ %
F 51 PCl 9.182 57.390 57.390
FE 2 PC2 6.131 38.320 95.710

FIH LR FAS £ LAT JEA A5 5, 25 1 n] R UK
Y =0.407f, + 0.285f, + 1.166 , R*=0.910, RMSE =0.176 (1)
Ao, Y AR IBAREL, £/, A1 £ 5300000 TR o A As 2 0 AT DS B - R 20 R o s i
SRB AR T B R AR A B o] WG RT LT AN RS BT BEALEERE 132 d1FE 5 ST LAT A SRR AY
T4 30 ANFE b R IS UFBIRURE B TS T84 ah 28, . (1) SXRE 2, LATAGFRERL A o  1E R 2L R 36 3]
0.910,RMSE 5 0. 176, HiFFERI) R W35%3] 0. 938 ,RMSE 4 0. 172, MR A, a2 B s 2 a9l I
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Fig.1 Relationship between regression models based on vegetation indices predicted and measured LAI
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Table 4 Comparison of Validation models by different methods

B3 ETBPHZMARIMNIWHEMNTN LAT 5XAEZ
I PSES

B RE#E AR L RVI 0.768 0.322 IH—{bHE#EHE 0 NDVI 0.798 0.281
B BUR 1 HETRAE A AR 2L MSAVI 0.849 0.263 B R IR = fAEREAR R MTVI2 0.852 0.237
A1 PCA 0.938 0.172 PR 45 NN 0.889 0.195
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