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Fusion of UAV and TLS LiDAR Point Cloud Data for Estimating
Individual Tree Structure Parameters

DING Zhiwen, XING Yangiu”, YIN Boging, GUO Zhen
(College of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150040, China)

Abstract ; Light detection and ranging (LiDAR) , as an active remote sensing technology, is able to obtain information on the spa-
tial structure of forests by emitting laser energy and receiving the return information, however, when used alone there is a scanning
blind spot and a complete 3D point cloud of forest trees cannot be obtained. Based on this, this study proposes a method for estimating
the structural parameters of a individual tree by fusing UAV and TLS LiDAR point clouds, and realizes point cloud fusion by using a
registration method based on ground features and tree position relationships. Based on this, an improved K—means hierarchical cluste-
ring segmentation algorithm is proposed to complete the individual tree segmentation, and then based on the segmented individual tree
point cloud, the axis—aligned bounding box algorithm and the least squares fitting circle method are used to extract the height of the in-
dividual tree and diameter at breast height respectively, and finally estimate the biomass of a individual tree through the biomass allo-
metric growth equation. The research results show that the Coefficient of Deter mination (R*) of tree height, diameter at breast height
and individual tree biomass of Quercus mongolica sample plots are 0. 84, 0. 93, 0. 91 respectively, and the root mean square error
(RMSE) of individual tree structure parameters are 0. 75 m, 0.96 cm, 26. 31 kg/plant respectively. The R* of tree height, diameter at
breast height and individual tree biomass in the Pinus sylvestris plot are 0.92, 0. 96, and 0. 95, respectively, and the corresponding
root mean square errors are 0. 43 m, 1. 06 cm, and 26. 12 kg/plant, respectively. The fusion of UAV and TLS LiDAR point cloud pro-
vides a reliable data basis for the rapid and complete acquisition of forest structure information, and provides a strong technical support
for the deep forestry application of joint multi—source LiDAR technology.
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RIEF S R s B A Y 5%, BEE I
JEH AR Cid K J' , o APL LiDAR it % Li-
DAR TSR AR U AR 5 S8 F H T Bz —,
1RGSR 5 H S g v LA SIS I R8s Sy BE i, 7 22
HEAT R A S A, TAE R R R, Eo R
A IR OB ER B HAR AT LATR A
TG E A Ty vk B A2 T L ERCHE 2R R A AR X AR
B 2 AT DAFEASNIE BN TR AR AR X #E 47 25040 %
8 FIHE) 12 1 T B SIS

2P E R a R I R S S B2
W RIS B A S AR TR R R B R
R, B T TE AL 2= 52 R R 254 2 800 D7 v T
SR 3T )2 5 BE LAY (Canopy Height Model ,
CHM) e F i 2 25 BROMREE AT 28 K/
BT FTE 2 e BE AR A b 48R ey B RAEAE
BT, I LU I T A S AR i SR AR g 2 il o
IS 0] B Y ek 300 5, O ik — 20 2 B 1w 45 5
B SRR A e A 5 F R A B 88. 5% , B &
FIFEBORE BE 1A %) 90. 34% , Peng %58 FI| F i = # R
FEHARRIBCT A6 % B2 1Y s =, JF A2 i CHM T
SR P A I, B 5 2 5 BE R3S N, CHML 2
I e pORS BB 2 fe g, B T R = B T
CHM, 3 f 1 A (BL 401 2% 10KG B2, B B U
INERG, BT R T AR R R = 4
M ARG EN 7 ik, a5 R 3R WY R ) 2
KEETE 90% LA | JE T 4= ¥ it S 3l A K 5 A AT (]
PG A YL, Cleason %l Fl T S R & [0 15
BEHLARAR S T 45 22 Fh )y vk N7 1 B K RUBE FIRE M
RPE A Al 45 /R W] FE A K | R
[F] 7245 3 0y A Py s BB 22 0 AN K, TTAEFE
Hiu KPR SR ] 4 18] U v 1 A W i A AL AR
o FEXTHLTE P 5 8 = SRR R S5 28, 38
TRFLAE A DAL LA TR 3 R R /N — TRl
(51125 73 531 B 553 2 v S IR v A AR 240, OF
SR [ A 437, HEAR i 0 e A2 1) ke o 2R 800 01
0.60 F10.91, XG> XL 7 #i % LIDAR £k

B B PREIRURY o 0 A2 RS B, &5 SRR, AN e R
TR HAE S N TR Hl, 22 38 55 2 45 B A PR A
SHCEL L PR 0 2 B O S B0 N 2 SE A
A PREE D fifi ] Yk Hough 7% 6 FITA I8 481 & 7 ¥ ok
TR BARRAR, A IR IO B ' R 42, SR I 76 L
SEfl b EAT R AL R 4R U &7, %0 TR I R
PG IR B T 709% LA b, HAG I A A = A ik 42 5
S EL A 5 A — 2k, Dassot 25 ) b 3
MR BEEIAT = DA WR B LR AR, I
HE— 2D LR AR 2548 S50, 38 33 4 B 48 1 Ak A
PR R BREEARAEDSUR AR QSM Bk A
BR S T g YRS MR I AR T R RN
FE BRI AS B BE AR SR AR Y R, 5 R AR K
BRSSO W) i S 25 (H AT ) L, 25 R R
T HA B — 3

Zi FRRR, JC APLE M 3E LiDAR 5 R 34 7] 42 Bt
HRGEI S B4 A AR R YE . JCAML LiDAR
AR S o MR R R R e 2 R (HE
B ICEARION T MR SE TR MR N (RS . M
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Tab. 1 Plot information statistics
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FEHLZ T Moy /S8 W/ m Diameter at T/ m MR
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WEZE (o), I E b 1 2 A% %0 ( Standard Deviation
std, g s, ), BB HE B AbF (s,
s+ o) LIAMY BRI B RE R

AT 5 A8 A ) o E s = AR SR
(Improved Progressive TIN Densification, IPTD ) #£47

coLut

THZ S IR 5 2 v BRI £ 1 b TR 1 1, IF
FHFAS - T 8045 2 ) o G v ) Al M T A5 SR s
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Fig. 1 FPFH calculation principle

TEAHLAN I KL = RECE S5, A AR AL
BERRIATRABCHE, X0 46 B IS BB A
PUFN M 2 2 AT i PR — AR A B, 3 ok £ B
AR ) e B Ak m) A R 7 AR Sy THE O R o A
Delaunay =1 (¥, I 5& T = M1 I8 09 /1 B AH AL Dt
HRUOTREE 2 A = A R = A T AR B (L K
1SN AL EE(EIC SR B MXN(M N h 2 > =AM
HR = AIE A K0 BRI rh 2 4 Bk R AR AL BE S
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(a) Quercus mongolica plot
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Fig. 2 Result of individual tree segmentation of fused point cloud
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Fig. 3 Individual tree point cloud AABB bounding box
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Fig. 4 Least squares fitting to extract diameter at breast height
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Tab. 2 Biomass allometric equations of main tree species

in Heilongjiang Province

) D’H A W =a(D*H)b
g W 2 -
. D“H equation
Tree species Organs
a b R*
+ 0.1699  0.8064 0.76
S 53 0. 0084 0.9419 0.71
Quercus
mongolica nf 0.0206  0.6914  0.78
Jics 0. 0575 0.8161 0. 89
- 0. 0577 0. 8593 0.94
& 53 0.1784 0.4822 0.98
Pinus sylvestris - 0.1943  0.5834 0.97
Litd 0. 0670 0.7140 0.99

1) R* FH e 7 Ak 0 (B 00 204 =22 ) %) 045 A
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W41 25, RMSE /)y 15 B AR U 450 i 40
FRIE AT ; )2, RMSE B K, 158 BH 455 70 X6 45 4 114 400
AREWE, HitEm=(5) PR,

2 (=)’
R2=1— (4)
(s -y,)?
Z (=)’
MbE (5>

Arlrsy, J BRIy, BRI ; y, REA
SFIEL n AR
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Fig. 5 Regression fitting diagram of tree height extraction results and measured results
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Fig. 6 Regression fitting diagram of DBH extraction results and measured results
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Fig. 7 Regression fitting diagram of fusion point cloud biomass estimation results and reference value
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