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ABSTRACT

This study aimed to utilize LiDAR, a high—precision surveying technology, to compensate for errors caused by
human measurements and obtain accurate and consistent data for tree volume measurement. To this end, a
comparative verification of measured tree volume values by each method was conducted using terrestrial
LiDAR (TLS) and drone LiDAR (ALS). As a result of examining the 3D data of trees according to the
measurement method, it was confirmed that the output data of terrestrial LiDAR had insufficient crowns, and
the output data of drone LiDAR had insufficient trunks. Therefore, the study attempted to establish a
complete form by aligning the two data sets. In addition, two verifications of tree volume values were
conducted using the point cloud data output by each method.

As a result of the first verification, the accuracy verification of terrestrial LiDAR showed a difference of 1-3
m in tree height compared to the existing field survey measurement value.

The discrepancy is believed to be due to the density of trees or terrain and features according to the principle
of LiDAR. In the second verification, terrestrial LIDAR, drone LIDAR, terrestrial LIDAR, and drone LIDAR

alignment data were compared. In order to compare the tree height and breast height diameter according to
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each measurement method, Bland—Altman descriptive statistics were performed based on the field survey
measurement  values, Considering the results, the drone LIDAR measurement method showed the highest
repeatability coefficient, indicating the least consistency, while the drone and terrestrial LIDAR alignment data
values showed the lowest repeatability coefficient, indicating high consistency. For the breast height diameter,
the terrestrial LIDAR measurement method showed a low repeatability coefficient similar to the drone and
terrestrial LIDAR alignment data values, indicating high consistency. Therefore, it is judged that the method of
overlapping drone and terrestrial LIDAR data when measuring the structure of trees can derive more precise

tree volume information.

Keywords: Carbon Neutrality, Tree Volume, Forest Survey, Point Cloud Data, Urban Forest
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Figure 1. Research area scope
Legend: @ Target trees for 1st verification [ Target site for 2nd verification

Table 1. Technical spedifications of the laser scanner

Product name LiBackpack C50 Zenmuse L1
Product image
Physical size(mm) 950%250% 160 152x110%169
Scan Range(m) 100 190 - 450
Field-of-View Vertical -15-15° / Horizintal 360 Vertical 77.2° / Horizintal 70.4°
Resolution 3840%1920 1280%960
Acquisition rate(points/second) 300,000 480,000
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Figure 2. Sample images of labeled trees in the study area
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Point doud model using TLS Point doud model using ALS Point dloud model using TLS*+ALS

Figure 4. Point doud data according to tree measurement method

3.2.1 0 Chet B 3 BEHAf H|u

AVdetoltt S FPzAHUN ot SH)e Tl =0 eaghe vudt 2HE AuEE gt g
HA 2] g 5 1058 didem Apeteldt 543 <
HeHTable 2 32). J2213 A AA Fefe 4‘% 3075 hdem SARN 2, 74 #5 %T‘F Aot Zd
Imz XWE}OM =% %‘01 A UrEP*OD% 1 «10} =%k ED} Zl*c}a}oli‘r Z@%M FFER }7P HWX* a

ﬂ*ﬂt} =4 B %k JM x}olh 38mo]u1 Apdetolct ?xgg; BZEAA= A 3.14
HroR gojcte] Z7gko] YA Uehd Za o 4+ rkTable 4 J=). ol 2t
T AdelelE A3 9 AlE, £ FROR Qle] 450 4 540

w
No
N
Olol
[
X
oX
=2
flm
p'y
okl
EN
0

I
bl
;r.
o
El

= ek AnE AuEY oea 2
—_’——Era oz FaAd E47ke] HiAels 0.0Imz2 Uepskom, F71x] o]

A FEe] 5 3Tl it FarA ARk
et WA= B 002 YeRGTtHTable
e A Hiols i 0.05m= effod, ofct
THAe] H97E 0.01- 009 Izt 4@ S/ BE A= 008 YEESZ BRISIICK Table 7

| ‘; Mo J(% Bub
g = Y
[ b o
Sl
o o L o
XY T
A =
= rir N
15T
= L;'J o &
ol It
= o
_6‘ 01‘ — FN
SR "
re
L 1N
Jo3 % ol
o o
SE%a
R E N
® o o,
ﬁ b [
:—‘ Uﬁ" OH'H
g e
LM >
N, 1
v K lo,
1 g, (;401(
ngj El
N
ot
§\I

|\
g |
>
EH
r+
&

Ax)
Table 2. Height of trees through TLS and Person measurements_Single planting (m)
Measurement cyde Standard
Method | no. A average ar.w ér
1 2 3 4 5 6 7 8 9 10 Deviation

T ®| 52 | 52 | 52 | 51 52 | 51 52 | 53 | 52 | 53 52 0.06
P ® | 51 52 | 52 | 51 5.1 53 | 52 | 53 | 51 52 52 0.07

Table 3. Height of trees through TLS and Person measurements_Multiple planting (m)

Measurement cycle Standard
Method | no. average
1 2 3 4 5 6 7 8 9 10

Deviation

®| 97 | 96 | 96 | 87 | 94 | 88 | 91 96 | 87 | 95 9.3 0.38
T ®@| 89 | 88 |88 | 72|79 | 64 8 8.1 75 | 87 8.0 0.78
®| 54 | 54| 53|49 | 53| 52|53 |53 | 53|54 53 0.14
®| 98|97 |98 |98 |98 | 97| 98| 99 | 98 | 97 9.8 0.06
p @ | 91 9 9 92 | 91 9.1 9 8.9 9 9 9 0.08
®| 53 | 54| 53| 54|53 |53]|52]| 54| 52|53 53 0.07
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Table 4. Height of trees through TLS and Person measurements_Mass planting (m)
Measurement cycle Standard
Method | no. s average ar.1 ér
1 2 3 4 5 6 7 8 9 10 Deviation
®| 143 | 76 | 1.7 7 77 |11 139141 ] 79 | 1A 10.6 2.76
@] 104 | 96 | 145|124 | 133 | 145 | 66 | 11.1 | 51 | 109 10.8 297
® | 131 5 136 | 1.7 | 128 | 76 | 67 | 11.7 | 59 12 10.0 3.14
@| 79 | 65| 68 | 66 6 76 | 6.1 98 | 71 6.5 7.1 1.1
T e 7 7 7 6.5 7 72 | 92 | M6 | 69 | 63 7.6 1.55
®| 77 | 93 | 47 | 104 | 93 7 68 | 94 | 79 | 63 7.9 1.65
@] 5 95 | 95 5 5 119 52 | 51 | 118 5 7.3 2.90
59 | 59 | 134 | 58 | 57 | 59 | 57 | 59 | 79 | 58 6.8 2.39
©®| 56 | 74 | 75 | 51 57 | 53 | 86 | 54 | 99 | 51 6.6 1.61
® | 142 | 144 | 145 | 143 | 144 | 145 | 143 | 143 | 142 | 145 | 144 oM
@ | 10 10 | 10.1 10 | 101 | 99 10 | 10.1 | 99 10 10 0.07
® ] 138 | 137|138 | 137 | 136 | 136 | 137 | 136 | 138 | 13.7 | 137 0.08
@ | 101|102 103|102/ 102|104 | 102 | 103 | 103 | 10.2 | 10.2 0.08
P ©®| 72 |72 |73 | 71 7.1 72 | 71 72 | 72 | 7.3 7.2 0.07
®©| 77 |78 |77 (79|79 |78 |78 |79 |78 |79 7.8 0.07
@ | 5.1 52 | 51 5.1 52 | 53 | 52 | 51 5.1 5.2 5.2 0.07
6 6.1 6 6 6.1 59 6 6.1 6.1 6 6 0.06
©| 57 |57 |57 |56 |56 |57 |56 |55]|57]|55 5.6 0.08
Table 5. DBH of trees through TLS and Person measurements_Single planting (m)
Measurement cycle Standard
Method | no. average ar.w ér
1 2 3 4 5 6 7 8 9 10 Deviation
T ® | 0.137 1 0.137 | 0.137 | 0.137 | 0.137 | 0.137 | 0.137 | 0.137 | 0.137 | 0.137 | 0.137 0.00
® 1012310125/ 0.129 | 0.123 | 0.125 | 0.13 | 0.13 | 0.125|0.129 | 0.13 | 0.127 0.00
Table 6. DBH of trees through TLS and Person measurements_Multiple planting (m)
Measurement cycle Standard
Method | no. average L
1 2 3 4 5 6 7 8 9 10 Deviation
@ | 0.158 | 0.158 | 0.158 | 0.158 | 0.158 | 0.158 | 0.158 | 0.158 | 0.158 | 0.158 | 0.158 0.00
T ® (014|014 | 014 | 014 | 014 | 014 | 014 | 0.14 | 0.14 | 0.14 | 0.140 0.00
® | 0.109 | 0.109 | 0.109 | 0.109 | 0.109 | 0.109 | 0.109 | 0.109 | 0.109 | 0.109 | 0.109 0.00
® |0.1770.179 | 0.18 | 0.175| 0.179 | 0.183 | 0.181 | 0.181 | 0.177 | 0.178 | 0.179 0.00
P @ | 0.156 | 0.159 | 0.153 | 0.158 | 0.152 | 0.153 | 0.153 | 0.153 | 0.154 | 0.153 | 0.154 0.00
® | 0.104 | 0.105 | 0.105 | 0.104 | 0.107 | 0.103 | 0.105 | 0.105 | 0.103 | 0.105 | 0.105 0.00

Aol ot Zgke] AR Aol AdHEORRE 12m 0|9 E71F 24 Al Wck: eale wdEw, A
el S Alole 459 2% 47 wers Sl ot Bah AEE Zo= vEdt

3.3 Ajgefolct & EE2l0[HE 283t 23t 23S

2t A5 5 STl whe 23 gholl el wlwstarat A AREAR 99191 20mx20m Hel =
19059 28 titoz s1ch @FFANP, Measurement by Person)?} AA2tolet ZA(TLS, Terristial Laser
Scanning Measurement), E22to|ch ZH(ALS, Airbone Laser Scanning Measurement), AVdetelctel E2atolct
“gtelolEiRtEoll Hisl Bland-Altman 71&A] 24 A
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Table 7. DBH of trees through TLS and Person measurements_Mass planting (m)
Measurement cycle Standard

Method | no. o average n z.ar
1 2 3 4 5 6 7 8 9 10 Deviation

0.271 | 0.271 | 0.26 | 0.15 | 0.271 | 0.276 | 0.271 | 0.156 | 0.271 | 0.271 | 0.25 0.05
026 |0339| 026 | 026 | 0.139| 026 | 0.26 | 0.26 | 0.2 | 025 | 0.25 0.05
0.139 | 0.139 | 0.262 | 0.139 | 0.262 | 0.139 | 0.139 | 0.139 | 0.396 | 0.139 | 0.19 0.09
0.156 | 0.156 | 0.156 | 0.225 | 0.156 | 0.225 | 0.156 | 0.143 | 0.156 | 0.156 | 0.17 0.03
015 | 015 | 0.15 | 0.156 | 0.15 | 0.156 | 0.192 | 0.141 | 0.15 | 0.15 | 0.15 0.01
0.271 | 0.271 | 0271 | 0.26 | 0.26 | 0.271 | 0.271 | 0.312 | 0.26 | 0.271 | 0.27 0.02

02 | 02 |0266| 02 | 02 [0286| 02 | 02 | 026 | 0.2 0.22 0.03
0.168 | 0.168 | 0.139 | 0.168 | 0.168 | 0.168 | 0.168 | 0.168 | 0.168 | 0.168 | 0.17 0.01

_‘
® Q|9 |0 |®|e|e|

©® | 015 ] 0.157 | 0.157 | 0.193 | 0.15 | 0.153 | 0.153 | 0.15 | 0.153 | 0.153 | 0.16 0.01
@®| 026|026 | 02 | 026 | 026 | 0.26 | 0.26 | 0.26 | 0.26 | 0.26 | 0.26 0.00
@ | 0.245 | 0.243 | 0.246 | 0.246 | 0.247 | 0.246 | 0.245 | 0.246 | 0.245 | 0.245 | 0.25 0.00
® | 0135]0.138|0.136 | 0.136 | 0.135 | 0.138 | 0.134 | 0.135 | 0.136 | 0.136 | 0.14 0.00
@ | 0.16 | 0.162 | 0.161 | 0.161 | 0.159 | 0.16 | 0.159 | 0.161 | 0.161 | 0.162 | 0.16 0.00
P ® | 0.16 | 0.161 | 0.158 | 0.158 | 0.16 | 0.159 | 0.159 | 0.161 | 0.159 | 0.158 | 0.16 0.00
® | 0.306 | 0.305 | 0.306 | 0.306 | 0.308 | 0.307 | 0.308 | 0.306 | 0.307 | 0.307 | 0.31 0.00
@ 10219 022 | 0.218 | 0.218 | 0.219 | 0.218 | 0.221 | 0.22 | 0.219 | 0.22 | 0.22 0.00
0.167 | 0.17 | 0.169 | 0.169 | 0.166 | 0.167 | 0.168 | 0.169 | 0.167 | 0.167 | 0.17 0.00
©® | 015 | 0.153 | 0.154 | 0.153 | 0.153 | 0.153 | 0.151 | 0.153 | 0.154 | 0.151 | 0.15 0.00
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Table 8. Bland-Altman descriptive statistics for tree height

Tree height Bland-Altman descriptive statistics

Person - TLS Person - ALS Person - TLS+ALS
Measurement method . : )
tree height tree height tree height
Effective sample size 19 19 19
Mean value(base tree height) 9.629 9.629 9.629
Mean value(other methods) 8.605 10.295 10.063
Average(differnence) 1.025 -0.665 -0.434
Standard devitaion(difference) 1.137 2.925 0.443
95% Cl(differences) 0.477-1.573 -2.075-0.745 -0.647--0.220
95% Cl(difference) -1.204-3.253 -6.399-5.068 -1.303-0.435
t value 3.929 -0.991 -4.264
p value 0.001 0.335 0
CR value 2.956 5731 1.199
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Figure 5. Bland-Altman araph of the tree height by Person and LiDAR measurement method

Table 9. Bland-Altman descriptive statistics for DBH

DBH Bland-Altman descriptive statistics

Person - TLS Person - ALS Person - TLS+ALS
Measurement method
DBH DBH DBH
Effective sample size 19 19 19
Mean value(base tree height) 0.266 0.266 0.266
Mean value(other methods) 0.248 0.158 0.248
Average(differnence) 0.018 0.107 0.018
Standard devitaion(difference) 0.021 0.128 0.02
95% Cl(differences) 0.008-0.028 0.048-0.169 0.008-0.027
95% Cl(difference) -0.023-0.059 -0.144-0.358 -0.022-0.057
t-value 3.698 3.649 3.841
p-value 0.002 0.002 0.001
CR value 0.053 0.322 0.052

Person-TLS DBH
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Figure 6. Bland-Altman graph of the DBH by person and LIDAR measurement method
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