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Selection Optimization of Hyperspectral Bandwidth and Effective
Wavelength for Predicting Leaf Area Index in Winter Oilseed Rape
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(1. Microelement Research of Center, Huazhong Agricultural University, Wuhan 430070, China
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Wuhan 430070, China)

Abstract; Leaf area index (LAI) is an important biophysical parameter for assessing of agroecosystems,
which is widely used in various applications. The ground-based hyperspectral remote sensing technique is
known to be inexpensive but effective for monitoring of the LAT of crop canopies. During the past twenty
years period, hyperspectral technique has been adopted increasingly for plant LAI evaluation, which
demands unique technique procedures compared with the conventional multispectral dataset, such as
dimension reduction and denoising. Thus, identifying of the optimal bandwidths as well as effective
wavelengths (' sensitive wavelengths ) is of great importance for improving the accuracy of crop LAI
assessment based on the hyperspectral remote sensing data. As one of the most important oil crop in
China, with a cultivated area of 7.5 million hectares and a production of about 14.4 million tons of
seeds. Accurate and real-time assessment of spatial and temporal variations of crop LAI is particularly
important. The objectives were to identify the optimal bandwidths and their effective wavelengths which
were best suited for characterizing the winter oilseed rape biophysical variables. Five nitrogen field
experiments involving different ecological sites, cultivars and planting patterns were carried out over three
consecutive growing years (2013—2016) in Hubei, China. The in-site canopy hyperspectral reflectance

dataset of winter oilseed rape were obtained over a wavelength region from 400 nm to 1 350 nm ( the
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visible and near-infrared region) , and quantitative correlations between LAI and their hyperspectra were
analyzed. Moreover, a partial least square ( PLS) regression model for LAI prediction was employed with
different bandwidths ( narrow and broad band spectral variables) canopy raw spectral reflectance (R) and
its transformation technique; the first derivative reflectance ( FDR). The prediction accuracy of the
optimal bandwidths were determined by comparing coefficient of determination (R*), root mean square
error (RMSE) and relative percent deviation (RPD) between the observed and predicted LAI values for
both the calibration( cal) and validation(val) datasets. The results indicated that the values of LAI had a
similar range in both the calibration dataset and the validation dataset and provided high variable
coefficient values, indicating that the data partitioning was reasonable and could avoid unbiased
evaluation. Compared with the R — PLS model for LAI estimation, the FDR — PLS model yielded higher
retrieval accuracy for LAT prediction, and the optimal bandwidth was 20 nm. The R?,, RMSE,, and
RPD,, between the observations and predictions were 0. 779, 0. 414 and 2. 004, respectively. The VIP
scores of the FDR — PLS model with a full hyperspectral region (400 ~1 350 nm) were applied to select

val

the effective wavelengths and decrease the high dimensionality of the canopy spectral reflectance data.
Five wavelengths centered at 759 nm, 847 nm, 921 nm, 1 002 nm and 1 129 nm were selected as
sensitive wavelengths for monitoring the LAI status. The newly-developed FDR — PLS models for LAI
prediction (R?, was 0.715, RMSE,, was 0.486 and RPD,, was 1.707) provided accurate estimations
based on the field experiment validations using the effective wavelengths. The analytical thinking could
provide an inventive thought thread of plant spectral wavelength selection for crop LAI prediction, and it
also could provide a theoretical foundation for wavelength settings of broadband multispectral imaging
spectrometer and monitoring potential applications of remote sensing data.

Key words: winter oilseed rape; hyperspectra; leaf area index; bandwidth; effective wavelength; partial

least square regression
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Tab.1 Statistical parameters of calibration and

validation datasets for winter oilseed rape LAI

AR B

BAE BA% BUME BORM PE fR )f#
R %

PR 303 0.118  6.670 1. 661 1. 087 65.4

Lo 198 0.214  3.098 1.526  0.830 54.4

44E 501 0.118  6.670 1.607  0.995 61.9

22 ARAKREELEHMXBEESLERNES

LAI X ES 7

B AT [R) 10 B RO B — Bir o il 5
LAT JEAT AR S A 70 Bt I 222 ) K 5C AR BB (BT 1) o 3
TR (& 1a), HFETEN 1 nm B, PR DT
723 nm G R LAD B 2 3% 00 5¢, o 1
620 ~ 710 nm [] #] 5¢ R A7 AE— BRI B AT (r <
-0.38) , AIZL4%, it s Z s i 518, 5 A8 E
FrRFREH . 750 ~960 nm [&] £ 5 KA — L
1 BB (r>0.50) , 1 DX 38 33 X6 3k 3¢ - 1o AR AR
Yyt SR AE R PR b S N ABURR . bl T A A
HRAER AT, 4w M SRR LAL F0AE ) M B0



160 & A Hl

W 20184

RUE SR R R HMb O 58 2% #F 8 (5 ~ 100 nm)
EIE JZ 06 1 3 R 5 LAL MR k2 e % 5
1 nm 9 580 — 250, H 5 R G/ 18 AR O 28 J0uH i I B
{37 8 U5 T8 3 I o3 59 A 1 S/ T 1) A% Bl
BEAb , B 530, 5 2 BRI GG RO RS LAT A 56
P Se T JE R R, 2 20 nm B TERS A R K, X

10 nm 20 nm

100 nm

5 nm
80 nm

1 nm
40 nm

-0.9

400 600 800 1000 1200 1400

i SLATHI G E ;
AN TR P 9 2 it 30 2 SR ) Dl 1 B LR 0t 3 S S A5 LAT AR Gk S A

1
Fig. 1

T 1Bl 2 B B 5 S B — A s X T — B i
o306 (1B 1b) e J2 061 S it 38 5 LAT AR G 1 B i
S A2 AR SR )G T A S AL T RO
[F] A 43 B AE LT 371 (687 nm 1 751 nm ) F 1T £ 4 X Ja§,

(92210121227 nm) Zb ik F e, b3k
AR IR DAY G B IX

AR E SR AN

-0.6

9

-0.9
400 600 800

(b) Rl

1000

I Bt e R

1 nm

5 nm
10 nm
20 nm
40 nm
80 nm
100 nm|

]

1200 1400

i S LATA G

Correlation coefficient (r) between winter oilseed rape LAI and canopy hyperspectral

reflectance and its transformation with different bandwidths in calibration dataset

{2 LAT 00 9 foc 4 D) 3 % 26 F BUbn e, i 5 70
%24 1.5.10,20,40 80,100 nm I}, 5 52 il 3 B4

2.3 ET LAI-PLS &BRE MR E X E

EEFHHEE

SR FH B — 32 SUHGIE 125 R 1 7 2Tl S 500 Ot % K
HAR 4 J5 50 LAT = PLS W I 1y d5 £ DX 1 %, Oy s 4
B TAUL 5 e B2 O ok JFG LA i % 5 R P R
fiE 4 2 RMSECV sk 24> & F 2% B, i A8 i A
T2 KL BEN L) B0, 3% LAT -
PLS *%Zﬂﬁ@ RMSECV 2GR )G T . W1
Bod 2z, MR G 0d B, ez, WM& A e 2. X
4 RMSECV fgg /N F X 137 19 5~ %5 13 PLS 47

THAXR

i PLS — LAL A N 1%y

W 7.6.6.6.6.6 Fl4,

— B YETE I S5 4 4 46,66 R T,

2.4

2.4.1 [T

EASeiE LAI - PLS Wl &
o G T

a3
LAT— PLS Tl 4% &

ANTR] P BE B D6 A il 5 LAT — PLS 73 Ay 45 2R

(F£2) 8o, W T % P BOBIE &

E %&&JDE

i, AR AR T 3% LAT - PLS BORLMER 13 (R.,,) FURS

(RPD,,,) Jo . 3% 75 5¢

L TE 0.75 A1 2.0 AiAy, 3%

0.9, 09- 0.9,
31 7 ! i B . o H i .
Woslt  -o- K ®osli oo EALE Moslh - EH
2O w20V ———meoben EOTL ———meoon
Ro7l & Ro7l = Ro7l 8
& 0.6} By & 0.6} & 06 E}
P< n-D‘u ) 24 ‘uq‘h
X 0s5p Sononagn, X 0S¢ — 05 o Gusoos
0 3 6 9 12 15 18 21 0 3 6 9 12 1518 21 0 6 9 12 15 18 21
ES S HFEL
(a) 1 nm (b) 5nm (¢) 10 nm
09r 0.9r 0.9r 0975
LR W | g | D ® oL SR
K ogll e e R osly e Wy e Y e mE
SO TP BOTR Sowmonar 207 a ——mwnan 2O ———maonte
Rogt & Rost % Rogf Ros
2 2 \ 5 2
| | " = :
& 0.6} & o6} o & 06 & 06
B o} . B i
o5t ~Z0agqp, X 0.5f oog 05 o5
03 6 9 12 15 18 21 03 6 9 12 15 18 21 0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21
B HFEL HFE HF
(d) 20 nm (e) 40 nm (f) 80 nm (g) 100 nm
2 A ] i T 4 i 3 0 J2 0 O ik K HL AR 5 561 PLS — LAT 5 I 485 781 (i =2 LI iF 2 7 AR i 2%

Fig.2 Changes of RMSECV by increasing number of PLS LVs used in canopy hyperspectral reflectance and its

transformation for LAI prediction
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Tab.2 PLS model for LAI prediction with different bandwidths canopy R hyperspectra
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