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Research on Single Tree Skeleton Extraction
Based on Data of Backpack LiDAR Scanning

ZHAO Junkun, XING Yangiu", LI Yuanxin
(College of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150040, China)

Abstract: Single-tree skeleton extraction is a critical step in 3D tree modeling, holding significant importance for preci-
sion forestry and forest resource management. Backpack LiDAR scanning (BLS), as an emerging mobile measurement
technology, offers advantages in flexibility and portability. However, its point cloud data suffers from uneven distribu-
tion and noise interference, which affect the accuracy of skeleton extraction. To address these issues, this study focuses
on Cunninghamia lanceolata in the State-owned Gaofeng Forest Farm of Guangxi Zhuang Autonomous Region and pro-
poses a hierarchical progressive skeleton extraction method based on key path detection using BLS data. This approach
integrates geometric constraints and hierarchical analysis to achieve precise localization of branch axes, while employing
perpendicular bisector intersection calculations to construct a continuous and topologically complete single-tree skeleton.
Terrestrial laser scanning (TLS) data was used as validation data, and preprocessing techniques such as voxel filtering
and local elevation normalization are applied to enhance BLS data quality. The results indicate that the proposed method
exhibited high performance in branch classification. F|-scores ranged from 0. 771 to 0. 788, with precision ranging from
93.33% to 100%, and recall ranging from 66. 67% to 90. 63%. Furthermore, the comparative analysis of branch angle
estimations based on BLS and TLS data yields a coefficient of determination (R?) of 0. 84 and a root mean square error

(Ryge) of 7.22°. This study provides a high-precision technical framework for single-tree 3D modeling, laying a data
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foundation for forest resource management and ecological simulation.

Keywords: Skeleton extraction; branch hierarchy classification; hierarchical progressive algorithm; branching angle;

backpack LIDAR scanning
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Tab. 1 Technical parameters of BLS

ESd LiDAR #5/cm
Parameters LiDAR accuracy

A EE /cm

Relative accuracy

YIS REE/cm

Absolute accuracy

KFEMAA/ ()

Horizontal field of view

HMEEE/m

Scan range

EEWAA/()

Vertical field of view

B

Value =3 <3 <

100 0~360 -90~90

HARFEHB NS 20 a SREERAOAZ K 48 #, A N &g
BYMEN17. 22 em, W& 8. 2~18. 7 m, FEIR = 1

14. 47 mo, PO F IR LI RER U 1(b) B
a~, BRERIRAL f AR DL ST TR IR ZRAEAE B N 17 2R
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Fig. 1 Data acquisition with BLS
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Fig. 2 TLS data
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Tab. 2 Sample tree specifications

WA S FFHE/A AEE/A WE/m 942 /m R &/m
Tree ID Trunk count Branch count Tree height Diameter at breast height Clear bole height
Treel 1 29 22.83 0.34 12.09
Tree 2 1 29 24.55 0.29 9.87
Tree 3 1 28 27.85 0.32 12.02
Tree 4 1 21 25.54 0.35 10.68
Treel5 1 18 26.70 0.39 10.94
gt % & “Z“ &(\" 7‘ *:l' “’#:. g
2y = 4 W) ¥ ‘F’ e
T A W A \J A F/m
0 @.} o /i Elevation
\ ‘{1 7 ) ) 31.77 0 LlBLE T
Denoising results
0
FERFL RERP2 BRI FERI4 BRI FERFT FERT2 RS FER4 RS
Treel  Tree2 Tree3 Tree4  Tree5 Tree 1 Tree2 Tree3 Tree4  Trees
(a) BLSREEX (b) BLS i 2 Tl kb 45

(a) BLS data acquisition

(b) BLS point cloud preprocessed results
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Fig. 3 Original data and preprocessed results of BLS
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Fig. 4 Implementation of an improved hierarchical progressive skeleton extraction algorithm
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Fig. 5 Branching point identification process
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Fig. 6 Results of skeleton point extraction for BLS
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Fig. 7 Results of branch level classification based on skeleton points



E1H8 HemE BT EEAMEEAMIENREARBRIEN 123

H Pl 8 R R o3 B AR 2 BB S B s T 5 TLS
B, i HE & BLS B 288 S MR TLS M=,
GOTEAT 5 TLS KT RYJAEIR UL, B0 A5 R IR 3,
ER TS AEFTERARTEIAR] T 93. 33% LA L AYHE
RS, SRIA AR T ol U5 T BVA Al S, fE
AR ARG RS T MR AR T A B R = iA #]

90. 63% , Z:HH1Z I3 TR BE A IR B H R 7 L7
FERIRG 4544 s F1 43 BUI1E0. 771 DAL AERRZ T 7R
PRAE R TE R [FE RS, th B B ny 52 st Rl 2 A
REPH A Z R AR ES A AN FEAN ST HY sl i T, Fe B
R AR

- ~ 37 R
& } o B :.3{5 *&-ﬁ‘
. A, 3 o "‘J-. 1y :‘_, A, o
(a) FER1 (b) FEM2 (c) FERH3 (d) R4 (e) FEMS
(a) Tree 1 (b) Tree 2 (c) Tree 3 (d) Tree 4 (e) Tree 5
[ R 053 W BRI W e T S
First-order skeleton branches Second-order skeleton branches Third-order skeleton branches TLS data

8 BRASEKTERSMTLSHIELL

Fig. 8 Comparison of each order branch results of skeleton points with TLS Data
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Tab. 3 Hierarchical evaluation of branches using BLS skeleton points
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different layers for sample tree 1
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Fig. 11 Effect of angle thresholds on local branch superimposition effect for sample tree 3
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