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Pinus yunnanensis volume estimation model based on
UAV multispectral image

DENG Zaichun', ZHANG Chao'?, ZHU Xiali', FAN Jinming', QIAN Hui', LI Chengrong'

(1. College of Forestry, Southwest Forestry University, Kunming 650224, Yunnan, China; 2. Yunnan Key Laboratory
of Ecological Environment Evolution and Pollution Control in Mountainous Rural Areas, Southwest Forestry

University, Kunming 650224, Yunnan, China)

Abstract: [Objective] Unmanned aerial vehicle (UAV) multispectral remote sensing images, with richer
spectral information than visible light images, have great potential in forest volume estimation. Taking UAV-
borne multispectral remote sensing images as the main data source, this study aims to explore the remote
sensing estimation model of forest volume, so as to overcome the drawbacks of traditional ground survey, such
as heavy workload, long time consumption and high cost. [Method] Taking the typical natural pure Pinus
yunnanensis forest in Luomian Township, Fumin County, Kunming City as the research object, the single-band
reflectance, vegetation index and texture feature were extracted according to the UAV multispectral image, and

the standard ground mean of each characteristic variable was calculated. The characteristic variables

Weke H 9. 2023-04-22; &[T H BT 2023-07-12

EETH . ERARBIFEE I E (32160405); A “H A7 AA B EH (YNWR-QNBJ-2018-334)

fEZ TS : XE % (ORCID: 0009-0009-4510-072X), M FFFEMLIHEWF5T . E-mail: 2939953003 @qq.com, i {5 1F
# : 5K (ORCID: 0000-0003-3126-6103), # 4%, LA S, NI HEMALEHM %R . Email
42668600@qq.com


mailto:2939953003@qq.com
mailto:42668600@qq.com

50 WroIL R R K A R 2024 4E2 H 20 H

significantly correlated with the forest volume were screened, and the forest volume estimation model was
established using multiple linear regression, random forest and support vector machine. The model accuracy
was evaluated by coefficient of determination (R?), root mean square error (Egys), mean absolute error (Ey)
and mean relative error (Eyg). [Result] (1) Among the three models, the random forest had the highest
accuracy (R’=0.89, Eyp=4.69 m’+hm >, Egqyg=5.45 m’+hm?, Eyg=14.5%), followed by the support vector
machine (R*=0.74, Eyx=5.27 m’-hm~, Eqys=8.31 m’-hm™, Eyz=13.1%). The multiple linear regression
model had the minimum accuracy (R*=0.35, Ey,=10.12 m*-hm™, Epys=12.85 m’-hm™, E\z=28.1%). The
estimation accuracy of the three models in the test set decreased. The random forest had the best performance,
followed by the support vector machine, and the multivariate linearity was the worst. (2) The three models had
certain underestimation and overestimation in the estimation of P. yunnanensis forest volume. (3) Texture
feature was still an important factor that could not be ignored in estimating the forest volume of P. yunnanensis
based on UAV multispectral images. [Conclusion] Based on the multi-spectral images of UAV, the single-
band reflectance, vegetation index, and texture factor mean values of the standard ground were extracted
without individual tree segmentation, and the variables suitable for volume estimation were screened to
construct an estimation model. Through the precision evaluation of the three models, the random forest is the
best model for estimating P. yunnanensis volume. [Ch, 2 fig. 5 tab. 27 ref.]

Key words: forest volume; Pinus yunnanensis forests; unmanned aerial vehicle (UAV) multispectral image;

random forest; multiple linear regression; support vector regression
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Table 2 Correlation between forest volume and single band reflectance and vegetation indexes

LECiE iy AAOGHE TR HASGHE BB % A

RVI 0.533%+ ARVI 0.548%* b, -0.126

NDVI 0.463%* GBRI 0.341%* b, -0.194

DVI 0.541%* GRRI 0.541%* by —0.333%*
VDVI 0.532%+ NGRDI -0.117 by 0.342%+
EXG 0.508** NGBDI 0.310% bs 0.381%*

Y by by by. by by AFAALIOG. B6 . Wa. 03h . EAAMNRI R FREIRAE 0.01 ORI KT B4R LA OG, *FRORTE
0.05 (R 7K b REHK
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Table 3 Correlation between forest volume and texture factors

B co cc DI EN HO ME SM VA
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B, 0.297* —0.053 0.257* 0.428%* —0.499** —0.189 -0.213 0.306*
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Table 5 Linear relationship between principal components and original variables

JRIRAS T C G, G C, JFRAR C C, G C,
RVI 0.050 0.088 0.149 -0.064 B,-ME —-0.030 -0.112 -0.134 0.296
NDVI 0.044 -0.029 0.000 0.052 B,-EN 0.048 -0.125 0.037 —0.187
DVI 0.051 0.009 0.189 0.108 B,-HO —0.055 0.111 0.003 0.142
VDVI 0.057 0.092 0.084 -0.034 Bs-EN 0.043 -0.157 -0.008 -0.120
EXG 0.058 0.014 0.110 0.092 B,-CO 0.058 0.046 —0.133 0.037
ARVI 0.051 0.086 0.143 -0.124 B,-DI 0.060 0.029 —0.130 0.053
GBRI 0.041 0.087 -0.062 0.292 B4-HO —-0.065 0.045 0.035 0.028
GRRI 0.054 0.089 0.112 —0.086 B,;-VA 0.057 0.053 —0.138 0.049
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Figure 1 Importance of random forest model variables
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Figure 2 Correlation between measured forest volume and estimated forest volume
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