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Analysis of Terrain Accuracy and Earthwork Volume Estimation
for UAV LiDAR-Based Forest Road Design
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Abstract

This study analyzed how differences in input terrain data affect elevation accuracy and earthwork volume
estimation in forest road design. High-density UAV (Unmanned Aerial Vehicle) LIDAR (Light Detection And
Ranging) point cloud data were acquired from three forest road construction sites in Sanmak-ri, Yeongdong-gun;
Gyoseong-ri, Jincheon-gun; and Okseong-ri, Jincheon-gun. High-precision terrain data were generated through
ground classification and compared with conventional 1:5,000 digital topographic map data and RTK(Real Time
Kinematic)-GNSS(Global Navigation Satellite System) field survey elevations. Elevation accuracy was evaluated
using UAV LiDAR data with and without GCP(Ground Control Point) correction, 1:5,000 digital topographic map
elevations, and RTK-GNSS measurements. Based on this comparison, cut and fill volumes were estimated under
the same design conditions. The results showed that GCP corrected UAV LiDAR data had the highest agreement
with RTK-GNSS elevations. In addition, cut and fill volumes differed according to the input terrain data. In
Sanmak-ri, the cut volume estimated from the 1:5,000 digital topographic map was about 2.2 times that estimated
from the UAV LiDAR based terrain data, while in Okseong-ri, the difference was about 4.6 times. Some sections
also showed differences in the occurrence of fill volume depending on the input terrain data. These results
indicate that terrain data precision and elevation representation can influence earthwork estimation in forest road
design. The findings provide reference information for further studies on continuous terrain surface-based volume
estimation and voxel-based 3D spatial analysis methods, such as three-dimensional grid-based approaches, for
forest road earthwork estimation.

Keywords : UAV LiDAR, Forest road design, Earthwork Volume estimation, Digital terrain model, 3D spatial
analysis
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on UAV LiDAR(Choi et al., 2023)
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Fig. 2. (a)Traditional surveying equipment (b) Traditional

methods of surveying forest roads

Fig. 3. Example of damaged paper
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Fig. 4. Problems with traditional forest road surveys
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Fig. 6. Study sites and orthophotos: (a) topographic map of Sanmak-ri, Yeongdong-gun, (b) orthophoto of Sanmak-ri, (c) topographic map of

Gyoseong-ri, Jincheon-gun, (d) orthophoto of Gyoseong-ri, (¢) topographic map of Okseong-ri, Jincheon-gun, and (f) orthophoto of Okseong-ri
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Table 1. Design parameters applied in preliminary route planning using the divider step method

Site Design Design Width | Applied design speed | Applied L.ongitudinal Applied Mipimum
Length (m) (m) (km/h) Gradient (%) Curve Radius (m)
Sanmak-ri 856.00 5.00 20.00 8.00 ~ 18.00 15.00
Gyoseong-ri 857.00 5.00 20.00 8.00 ~ 18.00 15.00
Okseong-ri 500.00 5.00 20.00 8.00 ~ 18.00 15.00
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Table 2. Detailed parameter settings for CSF-based

ground classification

Dataset Value
Max Building Size 20m
Max Terrain Angle 88°
Iteration Angle 20°
Iteration Distance 0.5m
Reduce Iteration Angle When Edge 5m
Length <
Stop Triangulation When Edge Length < Im
Only Key Points Disabled
Tolerance Above 0.15m
Tolerance Below 0.15m
Grid Size 20m

© (®)
Fig. 7. 3D view about UAV LiDAR-based terrain model generation
results: high-resolution DEMs of Sanmak-ri (a), Gyoseong-ri (c),
and Okseong-ri (¢), respectively, and (b), (d), (f) precision contour
lines derived from each DEM. Red and blue in the DEMs indicate
higher and lower elevations, respectively.. Green and orange

contour lines represent 2.5 m and 0.5 m intervals, respectively.
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Table 3. Ground and vegetation point statistics for each study site

Site Total pts Ground pts | vegetation pts Scan?ﬂ% area Grg;lil:?o/g )t s degsri(t);fu(lgtls) /trsnz)
Sanmak-ri 144,485,783 8,856,478 135,629,305 884,693.36 6.13% 10.01
Gyoseong-ri 150,621,950 23,266,373 126,755,577 996,480.35 15.51% 23.35
Okseong-ri 70,164,479 7,381,703 62,782,776 399,865.63 10.52% 18.46
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(b)
Fig. 8. Comparison of (a)Existing digital topographic map
and (b)Digital topographic map based on UAV LiDAR
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Fig. 9. Workflow of elevation accuracy assessment and cut-and-fill volume estimation
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Table 6. Comparative analysis of Sanmak-ri, Yeongdong-gun (Unit : m)

Point A B C D A(D-A) B'(D-B) C'(D-C)
No 0 269.09 269.00 268.88 269.260 0.170 0.260 0.380
No 1 272.41 273.46 274.48 273.412 1.002 -0.048 -1.068
No 2 275.65 275.62 27738 275793 0.143 0.173 -1.587
No3 277.67 27173 272.45 277368 -0.302 -0.362 4918
No 4 279.05 279.11 273.79 279.428 0.378 0.318 5.638
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Point A B C D A(D-A) B'(D-B) C'(D-C)
No 5 279.66 279.65 276.21 279.629 -0.031 -0.021 3.419
No 6 284.33 28536 282.15 285.196 0.866 -0.164 3.046
No 6+11 280.83 280.87 286.62 280.931 0.101 0.061 -5.689
No 7 283.39 283.40 286.86 283311 -0.079 -0.089 -3.549
No 8 286.64 286.61 286.41 287.278 0.638 0.668 0.868
No 8+8 283.73 283.75 285.98 283.258 0472 -0.492 2722
No 9 288.02 288.08 282.80 288.232 0.212 0.152 5.432
No 10 289.87 289.85 28745 289.860 -0.010 0.010 2410
No 11 29334 293.33 292.31 293.345 0.005 0.015 1.035
No 12 297.34 297.37 29371 297.780 0.440 0.410 4.070
No 13 296.54 296.58 295.87 296.612 0.072 0.032 0.742
No 14 299.56 299.54 302.53 299.554 -0.006 0.014 2.976
No 15 302.70 303.15 303.36 303.213 0.513 0.063 -0.147
No 16 303.46 303.43 306.92 303.764 0.304 0.334 3.156
No 17 306.27 306.24 302.82 306.318 0.048 0.078 3.498
No 18 306.75 306.77 30291 307.079 0.329 0.309 4.169
No 19 308.57 308.47 303.96 308.560 -0.010 0.090 4.600
No 20 310.61 310.57 303.75 310.586 -0.024 0.016 6.836
No 21 312.42 312.38 307.10 312.634 0.214 0.254 5.534
No 22 313.63 313.62 306.47 313.695 0.065 0.075 7225
No 22+5 312.52 312.40 304.80 312.424 -0.096 0.024 7.624
No 23 31575 315.62 308.40 315706 -0.044 0.086 7.306
No 24 318.01 317.91 319.82 317.960 -0.050 0.050 -1.860
No 24+9 31497 314.90 32545 314.667 -0.303 -0.233 -10.783
No 25 319.10 318.93 324.66 318.900 -0.200 -0.030 -5.760
No 26 2111 321.00 322.01 320.834 -0.276 -0.166 -1.176
No 27 323.01 32291 326.74 323.123 0.113 0213 3.617
No 28 326.21 326.09 327.38 325.882 -0.328 -0.208 -1.498
No 29 327.66 327.48 326.48 327.510 -0.150 0.030 1.030
No 30 328.80 328.63 330.27 328.619 -0.181 -0.011 -1.651
No 31 330.40 330.20 338.83 330.140 -0.260 -0.060 -8.690
No 32 335.00 334.75 340.78 334.700 -0.300 -0.050 -6.080
No 33 336.96 336.74 340.33 336.749 -0.211 0.009 -3.581
No 34 337.27 337.03 345,09 337.002 -0.268 -0.028 -8.088
No 35 340.05 339.83 344.67 340.066 0.016 0.236 -4.604
No 36 342.86 34273 346.28 342783 -0.077 0.053 3497
No 37 34476 344.67 346.98 344.458 -0.302 -0.212 2.522
No 38 345.40 345.33 345.00 345.530 0.130 0.200 0.530
No 38+3 345.55 345.55 346.88 345.580 0.030 0.030 -1.300
No 39 350.07 350.01 356.44 350.080 0.010 0.070 -6.360
No 40 355.49 355.52 358.12 355.512 0.022 -0.008 -2.608
No 41 356.02 356.01 361.54 356.261 0.241 0.251 -5.279
No 42 358.53 358.06 365.20 357.922 -0.608 -0.138 7278
No 42+16 361.94 362.00 359.84 362.015 0.075 0.015 2.175

RMSE 0.30857 0.20046 4.5998
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Table 7. Summary of comparative analysis of Gyoseong-ri, Jincheon-gun (Unit : m)

Point A B C D A(D-A) B'(D-B) C'(D-C)
No 0 268.00 267.50 278.75 267.375 -0.625 -0.125 -11.375
No 1 270.17 269.53 27771 269.586 -0.584 0.056 -8.124
No 2 272.15 271.54 27170 271.464 -0.686 -0.076 -6.236
No3 272.95 272.43 280.08 272.278 -0.672 -0.152 -7.802
No 42 218.29 220.41 219.05 220.195 1.905 -0.215 1.145
No 42+17 216.00 218.08 218.00 217.850 1.850 -0.230 -0.150

RMSE 1.13088 0.18459 4.03124
Table 8. Summary of comparative analysis of Okseong-ri, Jincheon-gun (Unit : m)

Point A B C D A(D-A) B'(D-B) C'(D-C)
No 0 202.27 202.64 210.78 202.706 0.436 0.066 -8.074
No 1 201.15 201.08 210.73 200.777 -0.373 -0.303 -9.953
No 2 199.83 199.80 204.88 199.971 0.141 0.171 -4.909
No3 197.93 197.93 200.85 197.591 -0.339 -0.339 -3.259
No 24+14 157.84 158.37 163.67 158.075 0.235 -0.295 -5.595
No 25 159.42 159.36 163.40 159.119 -0.301 -0.241 -4.281

RMSE 0.48350 0.18856 5.65749
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Table 9. Sectional cut volumes calculated using the average end area method for Sanmak-ri, Yeongdong-gun

UAV LiDAR (B) Digital Topographic Map (c)
Section (ﬁ;l) Cut area Cut area Cut Cut area Cut area Cut
(4, m) Ap+1,m?) | volume(m®) (4,,m?) (A, +1m?) | volume(m?)

No.0~No.1 20.0 0.0 19.8 198.0 0.0 27.0 270.0
No.1~No.2 20.0 19.8 59.7 795.0 27.0 45.8 728.0
No.2~No.3 20.0 59.7 51.8 1,115.0 45.8 0.0 458.0
No.3~No.4 20.0 51.8 40.8 926.0 0.0 0.0 0.0
No.4~No.5 20.0 40.8 23.1 639.0 0.0 0.0 0.0
No.5~No.6 20.0 23.1 55.8 789.0 0.0 8.0 80.0
No.6~No.7 20.0 55.8 10.3 661.0 8.0 46.3 543.0
No.7~No.8 20.0 10.3 21.1 314.0 46.3 16.3 626.0
No.8~No.9 20.0 21.1 9.6 307.0 16.3 0.0 163.0
No0.9~No.10 20.0 9.6 21.3 309.0 0.0 0.4 4.0
No.10~No.11 20.0 21.3 304 517.0 04 16.6 170.0
No.11~No.12 20.0 30.4 353 657.0 16.6 33 199.0
No.12~No.13 20.0 353 6.1 414.0 33 1.2 45.0
No.13~No.14 20.0 6.1 14.3 204.0 1.2 55.7 569.0
No.14~No.15 20.0 14.3 30.1 444.0 557 33.0 887.0
No.15~No.16 20.0 30.1 11.5 416.0 33.0 49.1 821.0
No.16~No.17 20.0 11.5 339 454.0 49.1 0.0 491.0
No.17~No.18 20.0 339 19.4 533.0 0.0 0.0 0.0
No.18~No.19 20.0 194 4.6 240.0 0.0 0.0 0.0
No.19~No.20 20.0 4.6 35 81.0 0.0 118.6 1,186.0
No.20~No.21 20.0 3.5 3.2 67.0 118.6 92.1 2,107.0
No.21~No.22 20.0 32 1.4 46.0 92.1 134.8 2,269.0
No.22~No.23 20.0 1.4 73 87.0 134.8 160.1 2,949.0
No.23~No.24 20.0 7.3 6.8 141.0 160.1 19.8 1,799.0
No.24~No.25 20.0 6.8 7.5 143.0 19.8 779 977.0
No.25~No.26 20.0 7.5 5.2 127.0 719 12.4 903.0
No.26~No.27 20.0 52 10.3 155.0 12.4 439 563.0
No.27~No.28 20.0 10.3 30.9 412.0 439 68.1 1,120.0
No.28~No.29 20.0 30.9 47 779.0 68.1 26.9 950.0
No0.29~No.30 20.0 47 9.5 565.0 26.9 17.1 440.0
No.30~No.31 20.0 9.5 19.3 288.0 17.1 124.8 1,419.0
No.31~No.32 20.0 19.3 354 547.0 124.8 101.0 2,258.0
No.32~No.33 20.0 354 22.1 575.0 101.0 65.0 1,660.0
No.33~No.34 20.0 22.1 28.2 503.0 65.0 934 1,584.0
No.34~No.35 20.0 28.2 2.1 303.0 934 42.8 1,362.0
No.35~No.36 20.0 2.1 2.2 43.0 42.8 37.6 804.0
No.36~No.37 20.0 2.2 16.8 190.0 37.6 25.0 626.0
No.37~No.38 20.0 16.8 0.0 168.0 25.0 0.0 250.0
No.38~No.39 20.0 0.0 0.8 8.0 0.0 67.9 679.0
No0.39~No.40 20.0 0.8 59.3 601.0 679 100.9 1,688.0
No.40~No.41 20.0 59.3 6.4 657.0 100.9 58.8 1,597.0
No.41~No.42 20.0 6.4 1.4 78.0 58.8 62.6 1,214.0
No.42~No.42+16 16.0 1.4 0.1 12.0 62.6 0.0 500.8

Total 856.0 - - 16,508.0 - - 36,958.8
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Table 10. Sectional fill volumes calculated using the average end area method for Sanmak-ri, Yeongdong-gun

UAV LiDAR (B) Digital Topographic Map (c)
Section (i;‘) Fill area Fill area Fill Fill area Fill area Fill Volume
(A, m?) (4, +1m?») | Volumem®) | (4,,m’ A, + ,m?) (m°)

No.0~No.1 20.0 04 0.0 4.0 0.9 0.0 9.0
No.1~No.2 20.0 0.0 0.0 0.0 0.0 0.0 0.0
No.2~No.3 20.0 0.0 0.0 0.0 0.0 329 329.0
No.3~No.4 20.0 0.0 0.0 0.0 329 48.0 809.0
No.4~No.5 20.0 0.0 0.0 0.0 48.0 34.1 821.0
No.5~No.6 20.0 0.0 0.0 0.0 34.1 0.0 341.0
No.6~No.7 20.0 0.0 6.6 66.0 0.0 0.0 0.0
No.7~No.8 20.0 6.6 6.9 135.0 0.0 0.0 0.0
No.8~No.9 20.0 6.9 0.5 74.0 0.0 65.5 655.0
No0.9~No.10 20.0 0.5 27.8 283.0 65.5 41.2 1,067.0
No.10~No.11 20.0 27.8 0.0 278.0 41.2 4.6 458.0
No.11~No.12 20.0 0.0 0.0 0.0 4.6 7.1 117.0
No.12~No.13 20.0 0.0 47 47.0 7.1 74 145.0
No.13~No.14 20.0 4.7 0.7 54.0 74 0.0 74.0
No.14~No.15 20.0 0.7 0.0 7.0 0.0 0.0 0.0
No.15~No.16 20.0 0.0 2.8 28.0 0.0 0.0 0.0
No.16~No.17 20.0 2.8 0.1 29.0 0.0 27.3 273.0
No.17~No.18 20.0 0.1 4.0 41.0 273 58.9 862.0
No.18~No.19 20.0 4.0 1.7 57.0 58.9 65.9 1,248.0
No.19~No.20 20.0 1.7 0.7 24.0 65.9 0.0 659.0
No.20~No.21 20.0 0.7 1.1 18.0 0.0 0.0 0.0
No.21~No.22 20.0 1.1 5.8 69.0 0.0 0.0 0.0
No.22~No.23 20.0 5.8 10.5 163.0 0.0 0.0 0.0
No.23~No.24 20.0 10.5 12.1 226.0 0.0 0.0 0.0
No.24~No.25 20.0 12.1 26.6 387.0 0.0 0.0 0.0
No.25~No.26 20.0 26.6 49 315.0 0.0 0.3 3.0
No.26~No.27 20.0 49 16.3 212.0 0.3 0.0 3.0
No.27~No.28 20.0 16.3 0.0 163.0 0.0 0.0 0.0
No.28~No.29 20.0 0.0 7.1 71.0 0.0 18.5 185.0
No0.29~No.30 20.0 7.1 3.8 109.0 18.5 0.0 185.0
No.30~No.31 20.0 38 6.8 106.0 0.0 0.0 0.0
No.31~No.32 20.0 6.8 74 142.0 0.0 0.0 0.0
No.32~No.33 20.0 74 12.5 199.0 0.0 0.0 0.0
No.33~No.34 20.0 12.5 10.4 229.0 0.0 0.0 0.0
No.34~No.35 20.0 10.4 18.5 289.0 0.0 0.0 0.0
No.35~No.36 20.0 18.5 15.8 343.0 0.0 0.0 0.0
No.36~No.37 20.0 15.8 0.0 158.0 0.0 17.6 176.0
No.37~No.38 20.0 0.0 433 433.0 17.6 37.8 554.0
No.38~No.39 20.0 433 24.1 674.0 37.8 0.0 378.0
No0.39~No.40 20.0 24.1 04 245.0 0.0 0.0 0.0
No.40~No.41 20.0 04 28.2 286.0 0.0 0.0 0.0
No.41~No.42 20.0 28.2 38.1 663.0 0.0 0.0 0.0
No0.42~No.42+16 16.0 38.1 2.2 322.4 0.0 28.7 229.6

Total 856.0 - - 6,949.4 - - 9,580.6
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Table 11. Summary of total cut and fill volumes calculated using the average end area method for Gyoseong-ri and
Okseong-ri (Unit : m?)

Class Gyoseong-ri Oksung-ri
Dataset Total Cut (m?) Total Fill (m%) Total Cut (m®) Total Fill (m®)
UAV LiDAR (B) 761.9 19.96 419.1 214.8
1:5,000 Digital Map (C) 1,982.7 62.2 1,909.5 0.0
Cut Difference +1,220.8 +42.24 +1,490.4 -214.8
Ratio 2.6 3.1 4.6 -
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Fig. 10. Comparative analysis of cut and fill volumes

according to ground level: (a) No. 7, (b) No. 14, (¢) No. 25,

(d) No. 32, and (e) No. 39. The red polyline indicates the
UAV LiDAR-based ground cross-section, the blue polyline
indicates the 1:5,000 digital topographic map-based cross-

section, and the green line indicates the design elevation.

The green shaded area represents cut volume, while the

pink shaded area represents fill volume.
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