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Ridge Regression Model for Estimating Pine Wilt Disease
Based on Hyperspectral Characteristics

ZHANG Sulan'?  HUANG Jinlong' QIN Lin® LI Hongqun®
(1. Institute of Big Data and Intelligent Engineering, Yangtze Normal University, Chongging 408100, China
2. Centre for Horticultural Science, The University of Queensland, Brisbane 4072, Australia
3. College of Electronic Information Engineering, Yangtze Normal University, Chongqing 408100, China
4. Hyperspectral Remote Sensing Monitoring Center for Ecological Environment of the Three Gorges Reservoir Area,

Yangize Normal University, Chongging 408100, China)

Abstract; Pine wilt disease (PWD) caused by the pine wood nematode, Bursaphelenchus xylophilus, is
considered as the most destructive forest-invasive alien species and may cause serious economic losses. A
ridge regression model was proposed based on the hyperspectral characteristics to estimate the degrees of
pine wilt disease for Pinus massoniana in Yongsheng forest of Chongqing, Southwest China. The spectral
reflectance and quantitated pet levels for Pinus massoniana were measured from June to August 2017.
And then the ridge trace analysis was operated on 14 spectral characteristics, which covered maximum
and sum of reflectance ranging in green region (490 ~ 560 nm ), yellow region (560 ~ 590 nm), red
region (620 ~680 nm) , red edge (680 ~780 nm) , near-infrared region (780 ~1 100 nm) , as well as
the reflectance height of green peak (500 ~670 nm) and absorption depth of red valley (560 ~760 nm).
Furthermore, the hyperspectral characteristic parameters with less collinearity were selected to construct
the estimation model of PWD with ridge regression. The results demonstrated that ridge trace curves for
the maximum of reflectance in red edge, near-infrared region, the sum of reflectance in the red edge,
near-infrared region, as well as absorption depth of red valley were stable, which were not close to zero.
Therefore, those five spectral characteristics could be considered in ridge regression modeling; when the
ridge trace parameter £ was 0. 2, the ridge traces of the above five hyperspectral characteristic parameters

became stable, and then the ridge regression coefficients were calculated. Finally, a regression estimation

ks H . 2018 —10—-25 & H . 2019 -02 -09

BEWE: % AR F% 4 00 H (61601060) [ 5 Ff 2 3 4 % 01 H (201709955001 ) . T F 1l B % & il 5 1 3 B 5¢ 4l 91
(estc2016jeyjA0437 ) T P 17 475 5 fF 75 US4 A 0T I (KIZH17132) 1T G T 80 B2 H R BF 991 H (KJ1501201)

TEE WA K22 (1984—) 4 BISCRE, T4 12 K 02 4, 8 M A L R S R BT , E-mail ; slzhang @ cqu. edu. en

AR $0 4 e (1989—) 5 VI, M- , %8 Wi A KA b B8 R BT , E-mail ;b jinlong@ yznu. edu. cn



% 43

FRE 22 AR T R LI BT A0 R A 2 ol 0 [T 00 A R BT 5 197

model of PWD was built with determination coefficient R* of 0. 868 6, root-mean-square error (RMSE) of
0.273 5, and average estimation accuracy of 87. 15% . The research provided both scientific support and

application reference for monitoring forest pet disease with remote sensing technology.

Key words: pine wilt disease; Pinus massoniana; hyperspectral characteristic; ridge regression;

evaluation model
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Tab.3 Eigenvalue of square matrix X'X

it BW O BEM || Akt BK 0 MHEM
X, M, 0 X, s, 0.0245
X, M, 0 X, s, 0.4189
X, M, 0.000 1 X  Si. 3.4130
X, M, 0. 000 1 X, Gy 7.416 1
X, M,, 0.0014 || X, R, 70.972 1
X, s, 0.0039 || X D, 255.478 6
X, s, 0.0118 || X, D, 1574829.2521

BT 08 38 73 BT O 2 4 A 2 RO B, B 75 5 4k 1

MR 2 80 4 A, o Xy (M) (X5 (M)
Xy (S,.) X0 (S,,,), Hle i A8 A 53 H A T 0, 1
Uk Xy (Ry) o o BTG e e P 5 (FL K 4
FREAS (P 2) FRAE S B X, (X5 X, X X, W3R 4
B R 4 T B O R R R INTR RS 5L
Xy X5 Xy X, AT I80/D 5 00 R JBE 22 B 56 5 R AR
RN AR ETHES SRERERIEME, 5
XS0 TR Sk G N AL U AR S A 1A R L B URA W)
DX IR o e s R 2 1 TR DX, TR e ) s Ol 9
PR A B L R B AT AT 19 o

P 1.5p

L5p —X, 15r
LOf XY 10 X
= { 2 = pc
< 0sP I = 05§ D
= LY X, = L —X,
W (] e T e W& 0 T s
o 4 P
B 05 H 054
<« g
-1.0+ -1.0r
-15 -15

U T ZR B ()

0 0.1 020304 0506070809 1.0
WS Ak

0 0.1 0203040506070809 10
W35 $k

_1‘50 0.1 02 0.3 04 05 0.6 0.7 0.8 09 1.0

B3 ARSI i A

Fig.3 Ridge traces for characteristic parameters

*4 ARHEREERFISH
Tab.4 Values of characteristic parameters for samples

in different healthy levels
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