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Abstract. [ Objective | By analyzing the hyperspectral features of Pinus yunnanensis in different damage levels and
building monitoring models, to establish the damage monitoring model and judgment rules for integrated control of
Tomicus yunnanensis. [ Method ] In shoot damage period of T. yunnanensis, the imaging hyperspectral data of
young and middle-aged P. yunnanensis in study area were obtained by SOC710VP, and hyperspectral features were
analyzed to extract hyperspectral features parameters to build damage levels detection models and judgment rules.
[ Result ] With the aggravation of damage level of T. yunnanensis, the reflectance spectral curves of P. yunnanensis
eradually declined at green bands (510 —560 nm) and near-infrared bands (720 =1 036 nm) , and the peak values
of spectral first derivative curves gradually decreased at red edge (680 —760 nm). In 509 —539, 549 - 564, 595 —
677, 687 -692, 702 -807, 838 —875 nm, and 891 —1 031 nm, the damage levels and reflectance and first deriv-

ative of P. yunnanensis needle were significantly correlated. Hyperspectral parameters S, , D, (D -H)/(D +
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H),S,.,and (S,. —S,)/(S,.. +S,) were used to establish the monitoring models, the R*of measured value
Dnir Dnir Dr Dnir Dr g

and predicted value all reached 0.9. The accuracy of quantitative judgment rules based on 4 monitoring models were
higher than 80% , the rules ( Healthy ( <1.589) , Slight damage [ 1.589, 2.465) , Moderate damage [2.465, 3.
381), Severe damage ( =3.381)) based on multivariable linear regression model y = =7.720x, + 1. 275x, + 1.
251x, — 4. 835x, + 1. 135x, + 6. 632, reached the highest precision (93.33% ). [ Conclusion | The monitoring

models and judgment rules based on hyperspectral feature parameters can monitor the damage level of T. yunnanen-

sis effectively.

Keywords: Tomicus yunnanensis; imaging hyperspectral ; spectral feature parameters; stepwise regression analysis
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Table 1 Damage levels division of Tomicus yunnanensis

Damage level Healthy  Slight Moderate ~ Severe
Bt E 3R/ %

<10 10 ~20

21 ~ 1
The damaged rate of shoot 50 >3
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Table 2 Hyperspectral features parameters and definitions
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Table 3 The best monitor windows of different damage levels

fEERLE S AR B AN A 0 /nm — B iR A MR I 1 /nm
Damage levels The best monitor windows of reflectance The best monitor windows of first derivative
i B /%4 i 16, % Healthy/Slight 786,791 838 833 781 844 828 796 849 823 718 723 713 728 708 734 702 739 697 744

B/ BE /5% Healthy/Moderate
it ffe/ 35 i /5 Healthy/ Severe
B/ W fEE Slight/ Moderate
%/ 5 ¥ ¥ Slight/Severe

H1 R/ ¥ 15 % Moderate/ Severe

838,786,833 .791 844 828 781 ,849 796 823
786,781,791 775,796 \770 .801 .833 828 838
838 844 833 849 854 791 828 786,859 ,796
781,786,775 791,770,796 \765 \760 ,754 801
781,775,786 770,765 791 760 754 749 796

723 718,728 713 734 708 739 702 697 \744
718,723 713 728 708 \734 702 739 697 744
723 728 718 734 713 739 708 \744 702 749
718 713 723 708 \728 \734 702 739 697 744
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Table 4 The results of filtered features parameters

FHIESHL BTy A A 53 b FHIEZHL AR T B A5
Parameters ~ Correlation analysis  Stepwise regression analysis Parameters Correlation analysis ~ Stepwise regression analysis
R, —-0.683 * 0.387 R,/R, —0.944 ** 0.274
R, 0.794 ** 0.649 D/H -0.835™ 0.346
D -0.887 0.150 Sor/Smu —-0.505 ** 0.461
H -0.839* 0.148 Sp./Sny 0.302 ** 0.905
D, -0.917* 0.958 Spmin” Sy 0.961 ** 0. 644
D, 0.913 ™ <0.001 ** S puir” Sy 0.483 ** 0.790
D, -0.962 ™ 0.562 (R,~R,)/(R, +R,) ~0.927 0.186
-0.192 0.102 (D-H)/(D+H) -0.772* <0.001 ™
S -0. 894" 0. 959 (Spr=Sp)/(Sp, +Sp) -0.497* 0.358
Spy 0.931" " 0. 647 (Sp, =Sp, )/ (Sp, +Sp,) -0.818™ 0. 684
Spr -0.964 " <0.001 " (Spuie =S) 7 (Spuir +Sp) 0. 075 ** 0. 794
S puir 0.929 ** 0.003 ™ (Spuir =S )/ (Spuir +Sp,) 0.445 ™ 0.020*

TE: # KR8 P <0.05, BEMK; + * FoR P <0.01 BFAMK,
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b

0.258; Filll R* =0. 926, Fijl] RMSE =0.293) ; Ik
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y =2.595x, — 16. 444x,> +10. 968x,” +3. 941 [k
B (P4 R* =0.951 ,#/4 RMSE =0. 251 ; il R> =
0. 939, #iill RMSE =0.278) ,

EEREBNEE (n =50) RAGLE (n =30)

Table 5 Monitoring models(n =50) and validation(r =30) of damage levels

oIS 70 BIEy:z: PLEHKS BE Fitted precision TR BE Predicted precision
Detection models Regression equations R? RMSE R? RMSE
LT P ] A 7R y=—=7.720x, +1.275x, +1.251x; —4.835x, + 0.958 0.260 0.948 0.265
Multiple linear model 1. 135x5 +6.632

y =440.893e( ~0-%%11) _436.477 0.924 0.333 0. 904 0.327
p— y = —5.308e *'-3“]-"12;6:5. 821 0.842 0. 480 0.921 0.305
Exponential model y= —2.264E - 5¢!'"-993) 14,043 0.954 0.258 0.926 0.293
y =866.547¢(0-0%44) _g65. 887 0.829 0.499 0.849 0.323
y=1.351e! ~12820%) 42 912 -0.016 1.217 -0.026 0.038
y= —3.733x, =0. 100 5x,2 +4. 403 0.924 0.333 0.904 0.315
W y =6.689x, —2.951x,2 +0. 502 0. 846 0.474 0.931 0. 284
Q—uadmtic modiel y=5.515x; —7.558x;% +3. 459 0. 842 0. 480 0.832 0. 409
y=4.967x, —1.067x,% +0. 834 0.834 0. 492 0.852 0.351
y= —6.561x5 +8.038x5% +3.720 0.330 0.988 0.216 0. 454
y =2.595x, —16. 444x,% +10. 968x,> +3. 941 0.951 0.251 0.939 0.278
y=3.089x, +5.897x,% —5.898x,> +0. 805 0. 851 0. 460 0. 949 0.245

=R R B 2 3
Cubic model y = —6.989x; +22.830x;% —19. 076x;> +4.289 0.917 0.344 0.935 0.272
y= —1.666x, +14.780x,> = 10. 183x,% +1. 020 0. 858 0. 449 0. 892 0.337
y = —23.517x5 +48. 348x5% —26. 386x5> +5. 443 0.476 0. 864 0. 361 0. 544
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Table 6 The judgement rules and precision of different Tomicus damage levels

W EH S O 2 P EfLE I W H A
Detection model Detection levels Healthy Light Moderate Severe Precision/ %
ESIw: A bl Y] Y41 ( Mean) 1.039 2.139 2.792 3.969 93 333
Multiple linear F 52 B0 ( Rules ) <1.589 [1.589,2.465) [2.465,3.381) =3.381
e Rk SF-24 18 ( Mean) 1.101 2.096 2.633 3.984 $0. 000
Exponential S| 7€ B ( Rules) <1.598 [1.598,2.364) [2.364,3.309) =3.309
TR PR Y41 ( Mean) 1.060 2.301 2.581 3.940 £0. 000
Quadratic F 52 FEI ( Rules) <1.680 [1.680,2.441) [2.441,3.261) =3.261
IR BRI TR -2 18 ( Mean) 1.048 2.207 2.591 3.974 %6. 667
Cubic S| 7€ B ( Rules) <1.628 [1.628,2.399) [2.399,3.283) =3.283
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