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Roughness Analysis of Paved Road using Drone LiDAR and Images
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Abstract

The roughness of the road is an important factor directly connected to the ride comfort, and is an evaluation
item for functional evaluation and pavement quality management of the road. In this study, data on the road
surface were acquired using the latest 3D geospatial information construction technology of ground LiDAR,
drone photogrammetry, and drone LiDAR, and the accuracy and roughness of each method were analyzed. As
a result of the accuracy evaluation, the average accuracy of terrestrial LIDAR were 0.039m, 0.042m, 0.039m
RMSE in X, Y, Z direction, and drone photogrammetry and drone LiDAR represent 0.072~0.076m, 0.060~0.068m
RMSE, respectively. In addition, for the roughness analysis, the longitudinal and lateral slopes of the target
section were extracted from the 3D geospatial information constructed by each method, and the design values
were compared. As a result of roughness analysis, the ground LiDAR showed the same slope as the design value,
and the drone photogrammetry and drone LiDAR showed a slight difference from the design value. Research
is needed to improve the accuracy of drone photogrammetry and drone LiDAR in measurement fields such as
road roughness analysis. If the usability through improved accuracy can be presented in the future, the time
required for acquisition can be greatly reduced by utilizing drone photogrammetry and drone LiDAR, so it will
be possible to improve related work efficiency.
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Table 1. Specification of equipment

Item SX10 SurveyorUltra
Scan rate 26,600 pts/sec 600,000 pts/sec
Scan range 600m 200m
Accuracy 0.0025m @ 100m 0.05m @ 50m
Weight 7.5kg 1.7kg
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Fig. 4. Terrestrial LIDAR Fig. 5. Target area for
data roughness analysis
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Table 2. Coordinate of check points

No. X(m) Y(m) Z(m) No. X(m) Y(m) Z(m)
1 141077.441 349712.470 3.200 11 141077.388 349677.419 3.192
2 141093.392 349712.452 3.358 12 141093.432 349677.423 3.352
3 141077.429 349705.432 3.204 13 141077.389 349670.358 3.199
4 141093.410 349705.450 3.356 14 141093.416 349670.327 3.360
5 141077.401 349698.426 3.199 15 141077.409 349663.422 3.211
6 141093.433 349698.437 3.352 16 141093.364 349663.435 3.358
7 141077.388 349691.485 3.191 17 141077.389 349656.576 3.208
8 141093.425 349691.490 3.351 18 141093.439 349656.489 3.373
9 141077.405 349684.459 3.189 19 141077.386 349649.603 3.211
10 141093.411 349684.447 3.350 20 141093.382 349649.586 3.352

Table 3. Point density per square meter
Item Terrestrial LIDAR Drone Photogrammetry Drone LiDAR
Number of Points/m? 113 119 86
Table 4. Accuracy analysis result - Terrestrial LIDAR
Terrestrial LIDAR

No. dX(m) dY(m) dZ(m) No. dX(m) dY(m) dZ(m)
1 -0.025 0.058 -0.037 11 -0.051 0.038 0.052
2 0.024 0.057 0.038 12 0.053 0.039 -0.051
3 0.026 -0.054 -0.036 13 -0.057 0.041 0.041
4 -0.021 0.055 0.031 14 0.058 0.045 0.043
5 0.036 -0.056 0.028 15 0.059 -0.047 -0.048
6 0.032 0.047 0.029 16 -0.034 0.042 0.049
7 -0.031 0.045 -0.021 17 0.035 0.034 0.028
8 0.041 0.042 0.027 18 0.022 -0.031 0.027
9 -0.048 0.041 0.055 19 -0.023 0.059 0.021
10 0.042 -0.043 0.054 20 0.028 -0.027 -0.024
Maximum Deviation(m) 0.059 0.059 0.055

Minimum Deviation(m) -0.057 -0.056 -0.051

RMSE(m) 0.039 0.042 0.039
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Table 5. Accuracy analysis result - Drone Photogrammetry

Drone Photogrammetry

No. dX(m) dY(m) dZ(m) No. dX(m) dY(m) dZ(m)
1 0.041 -0.051 0.068 11 0.091 0.071 -0.079
2 -0.048 0.053 -0.062 12 0.110 0.085 0.074
3 0.049 0.054 0.064 13 -0.117 -0.086 0.098
4 0.042 -0.048 -0.055 14 0.113 0.081 0.091
5 0.058 0.042 0.058 15 0.068 0.099 0.088
6 -0.059 0.044 -0.051 16 -0.063 0.096 -0.114
7 0.051 -0.069 0.048 17 0.067 -0.111 0.118
8 -0.074 0.061 -0.041 18 -0.085 0.117 0.049
9 0.073 0.077 0.046 19 0.084 0.091 0.048
10 -0.095 -0.075 0.079 20 0.081 0.098 0.041

Maximum Deviation(m) 0.113 0.117 0.118
Minimum Deviation(m) -0.117 -0.111 -0.114
RMSE(m) 0.076 0.074 0.072
Table 6. Accuracy analysis result - Drone LIDAR
Drone LiDAR

No. dX(m) dY(m) dZ(m) No. dX(m) dY(m) dZ(m)
1 0.045 -0.054 -0.084 11 -0.065 -0.064 0.062
2 -0.048 0.052 -0.083 12 0.071 0.065 -0.052
3 -0.047 0.058 0.089 13 0.075 0.079 0.058
4 0.049 -0.056 -0.085 14 -0.074 -0.078 0.049
5 -0.047 0.024 0.044 15 0.088 0.089 0.047
6 0.054 0.025 -0.045 16 0.085 -0.086 -0.021
7 0.052 -0.028 0.048 17 -0.082 0.085 0.029
8 -0.058 0.047 0.078 18 0.081 0.096 -0.023
9 0.064 -0.049 -0.072 19 -0.094 -0.092 0.035
10 0.062 0.066 0.074 20 0.095 0.094 0.036

Maximum Deviation(m) 0.095 0.096 0.089
Minimum Deviation(m) -0.094 -0.092 -0.085
RMSE(m) 0.069 0.068 0.060
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Table 7. Data acquisition & processing time and area

Item Terrestrial LIDAR Drone Photogrammetry Drone LiDAR
Data acquisition time 120minute 50minute 120minute
Data processing time 60minute 240minute 60minute
Data acquisition area 0.4km? 2km? 2km?

Working time(2km?) 900minute 290minute 180minute
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Table 9. Comparison of roughness analysis results and design values
Item Longitudinal slope(degree) Transverse slope(degree)
Designed 0 0.6
Terrestrial LIDAR 0 0.6
Drone Photogrammetry 0.13 0.33
Drone LiDAR 0.01 0.22
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