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Abstract: In current Environmental Impact Assessment (EIA) practices, the estimation of damaged
tree volume primarily relies on quadrat-based sampling methods. However, such approaches have
inherent limitations in terms of accessibility, safety, and representativeness, particularly in steep slopes
and densely vegetated forest areas. This study aims to quantitatively estimate damaged tree volume
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using LiDAR point cloud data and the Cloth Simulation Filter (CSF) algorithm, and to propose an

analytical workflow applicable to EIA practices.

The study area is a forest site subject to small-scale EIA located in Yangji-ri 527, Onam-eup,

Namyangju-si, Gyeonggi-do, South Korea. High-density point cloud data were acquired using the

SATLAB SL9 system. The workflow consisted of point cloud preprocessing, CSF-based ground

filtering, noise removal of non-ground points using Statistical Outlier Removal (SOR), height

normalization, individual tree segmentation using Treeiso, diameter at breast height (DBH) estimation

via circle fitting, and volume calculation using both 2.5D volume and allometric equations.

The results show that the total number of points in the study area was 291,003,897. After CSF
application, 170,879,807 points (58.72%) were classified as ground points and 120,124,090 points
(41.28%) as non-ground points. Following SOR filtering, 105,683,270 points remained. After height
normalization and removal of points below 0.3 m, 104,848,559 points were used for Treeiso

segmentation. A total of 2,397 individual tree objects were extracted, which were further classified

into 600 accepted trees, 1,565 multi-stem or merged candidates, and 232 removed objects. Among

the accepted trees, 207 were classified as overstory trees, 182 as midstory trees, and 211 as understory
vegetation. The total estimated tree volume was 174.0263 m?. These findings demonstrate that LIDAR-
based analysis enables precise quantification of individual tree attributes, including location, height,

DBH, and volume, even in complex forest environments such as steep terrains. Compared to

conventional sampling-based approaches, this method provides detailed three-dimensional structural

information and volume-based estimation of damaged trees. Therefore, it is expected to contribute

to the development of a more objective and reproducible framework for estimating damaged tree

volume in EIA practices.

Keywords: Environmental Impact Assessment, LiDAR, Cloth Simulation Filter (CSF), Damaged Tree
Volume, Diameter at Breast Height (DBH)
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Figure 1. Spatial Environment Analysis of the Site
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Table 1. Stepwise Workflow and Software Used in the Study

Step Process Software / Algorithm
Step 1 Site Selection and Preliminary Survey Field Survey (Quadrat Method), QGIS
Step 2 Data Acquisition and Raw Data Collection SATLAB SL9, Sat-LiDAR 3D
Step 3 Point Cloud Clipping, Merging, and Pre-processing CloudCompare
Step 4 Ground Filtering and Height Normalization CSF Algorithm, Ground Mesh, Cloud/Mesh Distance
Step 5 Off-ground Noise Removal SOR Filter (off-ground points only)
Step 6 | Individual Tree Segmentation and Structural Attribute Extraction Treeiso (v2), Circle Fitting
Step 7 Stratification and Quality Control (QC) Python, Excel-based Statistical Processing
Step 8 Volume Estimation and GIS Integration 2.5D Volume, Allometric Equation, QGIS
Step 9 Comparative Analysis and Methodology Development Statistical Comparative Analysis
Table 2. Technical Specifications of Hardware and Software Used for the Analysis
Category Item Specifications
- LiDAR Sensor SATLAB SL9
Data Acquisition
Range Accuracy +2cm (at 100m)
. Post-processing Sat-LiDAR 3D v3.1.0
Data Processing -
Output Format Standard LiDAR format (.las)
Point Cloud Analysis CloudCompare v2.14.0 beta
Data Analysis GIS Analysis QGIS (v3.34.)
Core Algorithms CSF (Cloth Simulation Filter), Treeiso

Table 3. Specifications of the Hybrid GNSS/SLAM LiDAR System

Category Item Specifications
Channels 1,408 Channels
GNSS Signals GPS, BDS, GLONASS, Galileo, QZSS, NavIC
RTK Accuracy H: 8mm + Ippm / V: 15mm + 1ppm
Scan Rate 200,000 pts/sec
LiDAR Range 0.1~70m (@80% reflectivity)
FOV H: 360°/V: 59°
IMU Update Rate 200Hz
Sensors
Camera HD Camera * 4 (AR & Image measurement)
Weight / Size 1.68kg / @ 134.4mm x 109.9mm
System - -
Operating Time Max 10h (SLAM mode: 5h)
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Table 4. Basic Characteristics of Acquired Point Cloud Data

, At 0] 12.920~14.944m, P95

Acquisition Time | Total Points Mean Intensity Std. Dev. of Intensity | Mean GPS Time | Std. Dev. of GPS Time

S#1 10sec 342,462 40.925 40.562 14911.3 3311

S#2 20sec 652,747 40.903 40.568 14958.15 6.246

S#3 30sec 934,906 40.458 40.448 15009.29 9.138

S#4 60sec 1,778,700 37.112 37457 11629.32 17.674

Table 5. Ground and Off-Ground Classification Results

Acquisition Time Ground points Off-ground points Ground ratio (%) Off-ground ratio (%)
S#1_10sec 183,235 159,227 53.51 46.49
S#2 20sec 341,977 310,770 52.39 47.61
S#3_30sec 479,196 455,710 51.26 438.74
S#4_60sec 864,657 914,043 48.61 51.39

Table 6. Statistical Summary of Normalized Height Distribution

Acquisition Time Mean (m) Std. Dev. (m) Max (m) P95% (m)
S#1_10sec 0.812 1.261 12.92 5.784
S#2 20sec 0.875 1.33 14.911 5.923
S#3_30sec 0.894 1.328 14315 5.746
S#4_60sec 0.966 1.391 14.944 5917
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Table 7. Performance Evaluation Results of Point Cloud Acquisition

Acquisition Normalized Height Classification Ground Extraction Results
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(AR W29 A R0l B osHAIES SRS 2 FUOIAE F8eSao] 4w A Hs e A
1=0])& 5746~5.923m W 9 2 YRt o] A o5 getH 59] 30 o] Folle F M w7 AE
Zho] S7hel et A7 ST AR PRI BE A0 F/HARNE BhE TRARS] 71 o A)
He YT, £2 F2E EH: o] AR B0 e, 24 584 2014 20-302 7
W3l 2 Arjzoz fm Feg oluisith by 7ho] A8H BAATo R AR 4
2o RS A B2 DAL AR FHF S o
WOl GAIZ Bojo] galoht sm gy 7 2 SSTEEEENZA
24 B4 o] IRt BEH RS 20-30 R AT AT W RARE 7] E AR 8



182 2FYSY7} M35H HM32

Table 8. Baseline Vegetation Data via Quadrat Method

Plant Community Strata Species Composition

* Dominant : Prigida (DBH:36.4cm, H:10m)
* Coverage: 41%

Canopy P. rigida, P. densiflora, Q. serrata

Pitch Pine * Dominant: Q. serrata (Avg. H:3m)
(St.1) Understory Q. serrata * Coverage: 45%
* No significant species observed
Remarks * Low understory diversity due to P. rigida
Canopy P. rigida, Q. acutissima * Dominant: Prigida (DBH:21cm, H:14m)

* Coverage: 35%

Pitch Pine - Understory Q. dentata * Dominant: Q.dentata (Avg. H:4.5m)

Oriental Oak * Coverage: 50%
(8t2) * Low rarity of distribution
Remarks * No significant species observed
» Low understory diversity due to P. rigida
Canopy | Q.sema, . rigda, P ydoensis | £ DO Qserta (DB, il )
° . (]
Konara Oak - -
Pitch Pine Understory Q. dentata . Bg‘rzlrzm: l%gentata (Avg. H:3m)
(St.3) £ 1070

* Low rarity of distribution

Remarks * Low understory diversity due to P. rigida

\

O iy T 4

Figure 2. Baseline Vegetation Data via Quadrat Method



Table 9. Performance Comparison of Vegetation Survey Methods

Evaluation Metrics Conventional (Quadrat)
C 47
St.1 (655m?) anopy
Understory 2
C 64
St.2 (888m?) anopy
Understory 22
Canopy 1,065
St.3 (11,576m?)
Understory 232
Total Sum 1,432
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Figure 3. Clipped Boundary Point Cloud and Normalized Terrain Raster

Table 10. Specifications of the Final Point Cloud Data for Analysis

Parameter Value
Total Number of Points 291,003,897points
Box dimension (X) 213.647Tm
Box dimension (Y) 137.013m
Box dimension (Z) 58.809m

Active Scalar Field

Intensity
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Table 11. Results of CSF Filtering and Post-processing

Item Value
Ground Points 170,879,807 points
Off-ground Points 120,124,090 points
Ground Ratio (%) 58.72
Off-ground Ratio (%) 41.28
Points after SOR Filtering (Off-ground) 105,683,270 points
Points for Treeiso Input 104,848,559 points
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Table 12. Results of Individual Tree Segmentation and QC Classification

Item Value

Parameter Value

Total Extracted Objects 2,397
Accepted 600

Review (Multi-stem / Merged) 1,565
Removed 232

Table 13. Classification of Tree Objects by Vertical Strata

Category Total Number of Objects Number of Accepted Objects
Overstory Trees 1,012 207
Midstory Trees 652 182
Understory Vegetation 733 211
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Table 14. QC Criteria for Individual Tree Objects

Criterion Threshold (All Objects) Decision
Number of Points >500 Accepted
Tree Height >20m Accepted
Number of Points in DBH Slice >30 Accepted
Standard Deviation of Circle Fitting Residuals <0.08 m Accepted
DBH Range 3-150 cm Accepted

DBH > 80 cm Requires Further Review Multi-stem or Merged Candidate
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Figure 5. Workflow of Individual Tree Segmentation and Attribute Extraction



Ho
HI
ot
[o2a}
Ho
08
~
(@]
w
_ﬂ

Table 15. Summary of Volume Estimates for the Accepted 600 Trees

Category Number of Trees Total Volume (m?) Mean Volume per Tree (m*) | Mean Tree Height (m)
Overstory Trees 207 116.34 0.562 10.857
Midstory Trees 182 26.29 0.1445 3.4963
Understory Vegetation 211 31.39 0.1488 2.6129
Total 600 174.03 0.29 5.7251
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