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Abstract: [ Objective] This study aims to explore the influence of unmanned aerial vehicles ( UAV) flight altitude
mechanism on the accuracy of monitoring larch caterpillar ( Dendrolimus superans) insect pests, and provide an
important reference for ground UAV remote sensing monitoring of forest pests. [ Method] The areas known for frequent
occurrences of D. superans in Da Hinggan Mountains were selected and multispectral remote sensing images collected by
UAV at different flight altitudes were used as the basic data. This study obtained the canopy spectral indexes and texture
features of 386 healthy, mild, and severely damaged trees by D. superans. Analysis of variances and continuous

projection algorithms were used to extract the spectral features sensitive to pest severity. The pest severity monitoring
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model was constructed using random forest and support vector machine algorithms, and expounded the influence of flight
altitude on monitoring accuracy.[ Result] (1) The accuracy of overall (mild + severe) monitoring of the spectral indexes
and texture features decreased with an increase in flight altitudes. However, the accuracy of mild and severe monitoring
of trees damaged by D. superans exhibited different trends. (2) The pest monitoring accuracy of the combination of
spectral indices (MTVI 2, GNDVI 2, DVI, GMI 1 and GNDVI) + texture feature (MEA 3) was the best, and the
overall accuracy and Kappa coefficient were 92. 3% and 0.891, respectively. However, the overall and accuracy of mild
monitoring decreased with an increase in flight altitudes, where the decline rate was 0.04%/m and 0.03%/m,
respectively, and the accuracy of severe monitoring increased ( the rise rate was 0.03%/m). [ Conclusion] The flight
altitudes significantly impacted the accuracy of UAV ground pest monitoring. There was a difference in the rate and trend
between the accuracies of mild and severe monitoring. The rate of change in the accuracy of mild monitoring with flight
altitude was faster than that of the accuracy of the severe monitoring. Thus, an early identification of pests using a high-
precision UAV remote sensing, adaptable to various flight altitudes, is needed to monitor pest severity and improve the
expected effects.

Keywords ; Dendrolimus superans; insect pest; unmanned aerial vehicles( UAV) ; flight altitude; multi-spectral remote
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Table 1 Spectral indexes and their calculation formula

PIALE R

spectral index

Ny E =D N
formula reference

THFR GRS ART 1

FE PRRFEEL CRL 1
ZAHHLAREL DVI

KSR R HE AL EVI

& B LU (46 40 GMI 1

SO — L2 EAE B L GNDVI
SOLIE— L2 RIPFEE 2 GNDVI 2
F A e SR B LIC 3

& TEH = AR B MTVI 2
H—ALAE 5 % NDVI

FEAEA BT RVI
=R TV

(1/By)~(1/B,)
(1/By)~(1/By)

(34_32)/(34"'32)
2.5(35—33)/[ 1+BS+6B3—7.5B1]
1.5[1.2(35—32)—2.5(33—B2) iavil (ZBS+1)2—

(6B5- /B, -0.5)
0.5[ 120( B,~B, ) -200( By-B,) |

Gitelson 2518
Gitelson Z5[1°)

Bs-B; Jordan ]
Bs/B; Pearson 2121
B,/B, Lichtenthaler[?]
B,/B, Gitelson (%]
(Bs=B;)/(Bs+Bs;) Rouse %24
(Bs=B,)/(Bs+B,) Gitelson 4523

Gitelson %5 [25]

Huete % (26]
Haboudane %5 (27]

Broge %::28]

H‘?;Bl B, .B; B, pil| Bs DA SARRAR UL iR AR S 3= & Y = B,, B,, By, B, and Bj are the reflectance values of blue, green,

red, red edge and near infrared band, respectively.
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YJ{H (mean, MEA) 52 (variance, VAR) W3[a]PE
(homogeneity, HOM) X} k& ( contrast, CON) | #H
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Fig.1 Variogram of spectral indexes (a) and texture features (b)
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Table 2 Precision of pest severity monitoring model based on spectral index

AR OA/ %

A Kappa {8

E B(RILELE overall accuracy for different flight altitude Kappa for different flight altitude
model spectral index
100 m 150 m 200 m 100 m 150 m 200 m
ARI 1 50.0 56.4 513 0.424 0.472 0.426
CRI 1 85.9 82.1 82.1 0.806 0.761 0.764
DVI 88.5 75.6 85.9 0.838 0.689 0.806
EVI 85.9 76.9 69.2 0.806 0.695 0.607
GMI 1 89.7 84.6 84.6 0.856 0.791 0.792
gzﬁrﬂim GNDVI 83.3 82.1 79.5 0.780 0.764 0.734
GNDVI 2 91.0 84.6 80.8 0.874 0.793 0.751
LIC 3 89.7 79.5 85.9 0.854 0.732 0.805
MTVI 2 92.3 91.9 88.5 0.889 0.874 0.840
NDVI 92.9 91.0 88.5 0.884 0.871 0.840
RVI 92.3 89.7 85.9 0.890 0.855 0.808
VI 89.7 83.3 78.2 0.854 0.776 0.721
ARI1 474 35.9 39.7 0.403 0.287 0.318
CRI 1 76.9 75.6 69.2 0.704 0.683 0.623
DVI 84.6 73.1 76.9 0.792 0.657 0.703
EVI 79.5 55.1 53.8 0.732 0.460 0.457
GMI 1 84.6 78.2 73.1 0.792 0.716 0.662
Eﬁmm"‘ GNDVI 80.8 79.5 73.1 0.749 0.730 0.666
GNDVI 2 88.5 79.5 76.9 0.841 0.725 0.706
LIC 3 87.2 73.1 84.6 0.821 0.661 0.794
MTVI 2 90.6 89.7 85.9 0.867 0.854 0.809
NDVI 88.5 85.9 84.6 0.840 0.809 0.788
RVI 80.8 78.2 76.1 0.744 0.720 0.708
VI 80.8 76.9 75.6 0.742 0.704 0.688
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PR WS DA B B LTS R B RS, 2 MEA
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2= TR 100 m B, 524828 o] 43 BER R, Bl
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Table 3 Parameter of pest severity monitoring model based on texture features
Wi /m firH HiE )i % I Xt HCRE FSeE & B ZkiE FHE
1R flight- jVJ‘ mean variance  homogeneity  contrast  dissimilarity  entropy  second moment  correlation

model altitude w:;;l:w 0A/% Kappa OA/% Kappa OA/% Kappa OA/% Kappa OA/% Kappa OA/% Kappa OA/% Kappa OA/%  Kappa
3x3 85.9 0.806 56.4 0.468 654 0.555 55.1 0.459 64.1 0.543 62.8 0.530 64.1 0.543 51.3  0.426
100 5x5 83.3 0.776 60.3 0.505 66.7 0.568 56.4 0.470 64.1 0.543 654 0.554 64.1 0.543 43.6 0.333
77 84.6 0.791 60.3 0.505 60.3 0.505 61.5 0.518 64.1 0.543 654 0.554 654 0.555 43.6 0.333
9x9 84.6 0.791 60.3 0.505 66.7 0.568 57.7 0.477 64.1 0.543 654 0.554 654 0.555 449 0.353
3x3 67.9 0.594 48.7 0.402 52.6 0.437 48.7 0.396 50.0 0.407 57.7 0.482 57.7 0.480 48.7 0.395
;ﬁjrﬂ;m 150 5%5 69.2 0.610 53.8 0.442 50.0 0.414 50.0 0.404 51.3 0.420 56.4 0.469 59.0 0.494 50.0  0.402
77 66.7 0.577 57.7 0.481 52.6 0.440 55.1 0.468 52.6 0.437 55.1 0.457 57.7 0.481 52.6  0.436
9x9 62.8 0.536 57.7 0.491 55.1 0.466 55.1 0.455 52.6 0.438 53.8 0.444 57.7 0481 513 0414
3x3 74.4 0.675 56.4 0.481 53.8 0441 51.3 0415 513 0.415 53.8 0452 57.7 0.490 43.6 0.334
200 5x5 73.1 0.662 57.7 0.492 56.4 0.475 53.8 0.449 55.1 0.462 55.1 0.462 59.0 0.504 43.6 0.337
77 76.9 0.702 59.0 0.504 53.8 0.450 57.7 0.490 53.8 0.456 57.7 0.483 564 0.476 46.2  0.365
9%9 75.6 0.687 60.3 0.519 57.7 0.490 56.4 0.466 59.0 0.504 55.1 0.453 59.0 0.504 449 0.353
3x3 73.1 0.651 51.3 0.443 48.7 0.399 55.1 0.478 57.7 0.501 46.2 0.384 51.3 0.438 359  0.280
100 5%5 744 0.669 43.6 0.355 46.2 0.370 47.4 0.389 513 0.434 513 0424 474 0388 41.0 0.328
77 75.6 0.685 46.2 0.384 46.2 0.384 47.4 0.388 57.7 0.503 52.6 0.450 53.8 0.460 34.6  0.263
9%9 73.1 0.661 46.2 0.387 52.6 0.445 51.3 0.443 513 0436 47.4 0403 53.8 0.462 39.7 0.318
3x3 56.4 0.473 43.6 0.360 449 0.367 449 0370 423 0.351 51.3 0.444 359 0.281 372 0.291
ll%&;ﬂl%‘:% 150 5%5 61.5 0.533 423 0.334 474 0402 53.8 0461 39.7 0.317 449 0.369 449 0372 474  0.400
77 60.3 0.520 48.7 0.410 41.0 0.329 39.7 0.319 39.7 0.319 47.4 0.396 48.7 0.410 39.7 0.324
9x9 56.4 0.488 48.7 0.406 46.2 0.385 39.7 0.331 423 0.330 47.4 0.393 423 0342 423  0.345
3x3 69.2 0.623 51.3 0.434 385 0.298 39.7 0311 449 0.376 46.2 0.385 37.2 0.282 41.0 0.335
200 5%5 59.0 0.516 47.4 0.404 37.2 0.277 449 0370 50.0 0.429 41.0 0.331 42.3 0.337 333 0.248
77 66.7 0.602 43.6 0.356 48.7 0.414 564 0.493 53.8 0.464 47.4 0400 48.7 0.415 449 0.377
9x9 72.6 0.653 38.5 0.298 56.4 0.494 47.4 0.397 55.1 0.480 50.0 0.425 603 0.529 38.5 0.304
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Table 4 Precision of pest severity monitoring model based on spectral indexes + texture features

AR

ANEILE OA/ %

AN[ER Kappa {H

i%jfl combine spectral overall accuracy for different flight altitude Kappa for different flight altitude
stenatures 100 m 150 m 200 m 100 m 150 m 200 m
SII+TF(3) 923 89.7 88.5 0.891 0.857 0.842
SVM SI2+TF(5) 923 88.5 85.9 0.891 0.841 0.810
SR AL SI3+TF(7) 923 89.7 87.2 0.891 0.857 0.825
SI4+TF(9) 923 89.7 87.2 0.891 0.857 0.825
SII+TF(3) 93.6 91.0 84.6 0.908 0.874 0.794
RF SI2+TF(5) 935 92.3 83.3 0.907 0.890 0.778
BEALAR SI3+TF(7) 91.0 91.0 87.2 0.874 0.874 0.825
SI4+TF(9) 92.3 91.0 87.2 0.890 0.874 0.825

1 SIL+TF(3) & SI4+TF (9) G840 S A 1 3t 0 SORRRAELH & B BUBOEIERAIE . SIT+TF(3) to SI4+TF(9) are sensitive spectral

features combined with spectral indexes and texture features of different sliding windows.
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