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Hyperspectral Estimation Model of Chlorophyll Content in
Different Leaf Positions of Winter Wheat

MA Chunyan WANG Yilin ZHAI Liting GUO Fuchen LI Changchun NIU Haipeng
(School of Surveying and Land Information Engineering, Henan Polytechnic University, Jiaozuo 454000, China)

Abstract; The information of vertical distribution of chlorophyll content in different leaf positions of crops
was obtained scientifically and efficiently to facilitate monitoring of crop growth conditions and field
management. Based on the hyperspectral reflectance and chlorophyll content of different leaf positions of
winter wheat obtained during the heading period, the correlation analysis of raw spectra, first-order
differential spectra, second-order differential spectra, vegetation indices, continuous wavelet coefficients
and chlorophyll content were performed to screen the spectral feature parameters with strong correlation.
Then partial least squares regression, support vector machine, random forest and back propagation neural
network algorithms were employed to construct chlorophyll content estimation models for the upper 1,
upper 2, upper 3 and upper 4 leaves of winter wheat, and the best models for chlorophyll content
estimation at different leaf positions were screened based on the accuracy assessment results. The results
showed that the chlorophyll content estimation models constructed using wavelet coefficients combined
with partial least squares were the most accurate for the upper 1, upper 2 and upper 3 leaves, with
modeling and validation R* of 0.82 and 0.75, 0.80 and 0.77, 0.71 and 0.62, respectively; the
chlorophyll content estimation models constructed using vegetation indices combined with support vector
machine were the best for the upper 4 leaves, with modeling and validation R*> of 0.74 and 0.79,
respectively. The research result could provide theoretical and technical support for accurate monitoring of
the vertical variation characteristics of crop nutrient content based on remote sensing technology.
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Fig.1 Geographical location of study area
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Tab.1 The first five spectral bands with strong correlation with chlorophyll content in leaves at different leaf positions
Bt k2t 3 4

A R H (L) Ipl R H(A) Ipl R E(L) Ipl R Ipl
1 SD(700 nm) 0.73 FD (366 nm) 0.68 FD (366 nm) 0.67 SD(1453 nm) 0.63
2 SD(701 nm) 0.73 FD(367 nm) 0.68 FD(369 nm) 0. 67 SD (1454 nm) 0.63
3 SD(702 nm) 0.73 FD (368 nm) 0.68 FD(1 899 nm) 0. 67 SD (1452 nm) 0.63
4 JEAR 6% (700 nm) 0.72 JEAROEH% (701 nm) 0.68 FD(1 898 nm) 0.67 SD(1451 nm) 0.63
5 JEAR 6% (701 nm) 0.72 JEAR 6% (702 nm) 0.68 FD(1 900 nm) 0.67 SD (1455 nm) 0.63
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Tab.2 The first five vegetation indices with strong correlation with chlorophyll content in leaves at different leaf positions

1wt 2unt 3 14t
i B E(L) Ipl AR E(A) lpl HEBHRE(A) Ipl EBHEE(A) lpl
1 EXG (red ,green blue) 0.75 VARI(green red blue) 0.66 WI(900 .970 nm) 0.75 WI(900 .970 nm) 0. 65
2 GLA (red ,green blue) 0.75 GBVI( green red) 0.66 ~NDWI(860.1240 nm) 0.62 NDWI(860.1240 nm) 0.55
3 RGBVI(red ,green blue) 0.75 RGVI(red  green) 0. 66 OSAVI( nir red) 0.56  TCARI(700.,670 550 nm) 0.47
4 GBVI( green .red) 0.75 MGRVI( green ,red) 0. 66 DVI(nir.red) 0.55 DVI( nir.red) 0.41
5 EXG ( green ,red blue) 0.75 EXR (redgreen) 0.66  VARI(green red blue) 0.49 MGRVI( green .red) 0.35
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Fig.4 Correlation matrix between wavelet coefficients and chlorophyll content at different leaf positions
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Tab.3 The first five wavelet coefficients with strong correlation with chlorophyll content in leaves at different leaf positions

L1 L2 30k 40t
HE HRAEH(A) Ipl HBFEH(A) Ipl HRBFEE(A) Ipl HBIEEL(A) Ipl
1 C4(2 162 nm) 0. 88 €3(1737 nm) 0. 88 €9(553 nm) 0. 83 €2(2 005 nm) 0.79
2 C4(2163 nm) 0. 88 €3(1738 nm) 0. 88 €9(552 nm) 0. 83 €2(2 004 nm) 0.79
3 C4(2 164 nm) 0. 88 €3 (1736 nm) 0. 88 €9 (554 nm) 0. 83 €3(2 390 nm) 0.79
4 C4(2161 nm) 0. 88 €3(1739 nm) 0. 88 €9(551 nm) 0. 82 €3(2391 nm) 0.79
5 C4(2 160 nm) 0. 88 €3(1735 nm) 0. 88 €9 (550 nm) 0. 82 €3(2 389 nm) 0.79
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Tab.4 Accuracy of chlorophyll content estimation model

at different leaf positions based on transform spectrum

fE AT

MR R RMSE/ NRMSE/ RMSE/ NRMSE/
(mgeg™) % (mgeg™) %
PLSR 0.55* 0.27 10 048" 028 011
frgp SYM 0023 14 0377 035 0.2
RF 0.4 0.33 12 035° 029 0.1l
BPNN 0.64  0.27 10 0.5 029  0.10
PLSR 0.43*  0.54 11 0.4~ 045  0.10
Lo SYM 04088 14 0.44™ 059  0.12
RF 0.26™ 0.50 11 025 072 015
BPNN 0.43*  0.52 11 0.57* 0.46  0.09
PLSR 0.55*  0.29 8 033" 041 0.1
Ly SYM 03T 030 18 038 0.4  0.26
RF 0.44 0.31 9 0.35° 035  0.09
BPNN 0.49*  0.31 8 0.60% 035  0.09
PLSR 0.44% 0.29 9 035 036 011
Lag SYM 03T 0.3 17 02 03 019
RF 0.32% 0.33 10 020 04 013
BPNN 0.40*  0.29 9 0.33° 036 011

Mo or FRAE 0.05 KPR B FEHEMIK, wx FR1E 0.01 KFF
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HIE 4 np L, i R SR 2K 5 A B0 Al BRORS T R A
b REM AR T R R BT B S o, B
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ISAIE R 4354 0. 64 F10.50; | 2 W42 914G
B A B AE B RS Ry BPNIN, L B2 R 58 9IE R 43 93] oh
0.43 F10.57; I 3 M2 28 15 Al 330 19 e AR A AR Ry
BPNN , H: 2 # F1 56 3iE R 43 %] K 0. 49 F1 0.60; | 4
I 2 2R B A R B AR AR R A PLSR, H: AR g6
WE R* 43312 0. 44 1 0. 35,
2.3.2  BLTAE B AR Bk g Al A A

I 2% 2 0 i 178 BT Bt R B0VE S A AL A A
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Tab.5 Accuracy of chlorophyll content estimation model
at different leaf positions based on vegetation indices
feizid Coans
[ YA ¥ 5 RMSE/ NRMSE/ RMSE/ NRMSE/
! (mgeg™) %

(mg-g™) %

PLSR 0.63™  0.27 7 0.56™ 0.26 0.07

E 1o SVM 0.85* 0.14 8 0.73™ 0.59 0.35
RF 0.45™ 0.30 8 0.58™ 0.31 0.08

BPNN 0.64*  0.23 6 0.57* 0.32 0.09

PLSR 0.67™  0.38 8 0.72™  0.41 0.09

F o2t SVM 0.60™  0.40 11 0.62™ 0.71 0.20
RF 0.43™ 0.47 10 0.23 0.70 0.15

BPNN 0.49*  0.47 10 0.46™ 0.83 0.17

PLSR 0.48™  0.37 9 0.38" 0.52 0.13

3 SVM 0.65™  0.25 11 0.45*  0.56 0.24
RF 0.46™ 0.39 10 0.49" 0.41 0.10

BPNN 0.66"  0.34 9 0.62™ 0.31 0.08

PLSR 0.47™  0.30 0.09 0.39™ 0.32 0.09

Eant SVM 0.74™  0.21 11 0.79™  0.40 0.21
RF 0.35™ 0.33 10 0.31*  0.33 0.10

BPNN 0.54*  0.27 8 0.42™ 0.31 0.09

HER 5 A, b 1 i 38 o A A3 I e R AR
Ty SVM, HLHEBE B AIE R 4351 J9 0. 85 F10.73; |
2 WL R B A B S A A Oy PLSR, H: A5 1 55
IE R*3 5109 0. 67 A1 0.72; | 3 M4 £ & EAGE
(1) fec FEAR Y g BPNN, LB 58 UE R* 43901 4 0. 66
F0.62; [ 4 mbnt g 2 &4l 5 0 m AR AR Oy
SVM , H @B MBS IE R* 43514 0. 74 F10.79,
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Tab.6 Accuracy of estimation model of chlorophyll content
at different leaf positions based on wavelet coefficients
et BiiE
RMSE/ NRMSE/ RMSE/ NRMSE/
(mgeg™) %

LR TN ¥
(mgg™) %

PLSR 0.82™  0.20 5 0.75" 0.23 0.06
SVM 0.81™ 0.15 9 0.35" 0.27 0.16
1
RF 0.76™ 0.20 5 0.71™ 0.25 0.07
BPNN 0.73*  0.21 6 0.89™ 0.14 0.04
PLSR 0.80™  0.21 5 0.77* 0.33 0. 08
SVM 0.64 0.26 11 0.76 ™ 0.29 0.13
L2t
RF 0.72" 0.26 6 0.78™  0.33 0. 08
BPNN 0.71™  0.25 6 0.82" 0.25 0.07
PLSR 0.71™ 0.23 8 0.62* 0.21 0. 08
SVM 0.64 ™ 0.20 12 0.50 " 0.29 0.17
3t
RF 0.57™ 0.25 9 0.48 ™" 0.33 0.11
BPNN 0.67 ™  0.24 9 0.74™ 0.19 0.07
PLSR 0.74™  0.29 6 0.70™  0.53 0.11
SVM 0.68™  0.40 11 0.27" 0.47 0.13
Lant
RF 0.69™ 0.34 7 0.57* 0.54 0.12
BPNN 0.65™  0.39 8 0.69™ 0.38 0.07
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