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Fusion of Point Cloud Models Through Ground and Aerial Mobile

Mapping Technologies
Sin-Ting Lin ' Yu-Shen Hsiao 1"

ABSTRACT Unmanned aerial vehicle (UAV) technology has been applied for three-dimensional (3D) modeling of
soil and water conservation structures and their surrounding environments in numerous regions. This study employed
both ground and aerial mobile mapping technologies to execute 3D modeling of these structures and analyzed the
resulting point cloud fusion model. A ground-based viDoc real-time kinematic LIDAR system and SfIM-UAV technol-
ogy were used to acquire point cloud models, and a seven-parameter coordinate transformation method was applied for
model fusion. The human error after coordinate transformation was 0.068 m, and the model constructed with viDoc
aligned perfectly with actual measurements. Furthermore, the absolute analysis of the fused model yielded an error of
0.152 m. These findings demonstrate that the seven-parameter coordinate transformation method effectively integrated
the UAV and viDoc models to successfully combine aerial and ground data. This method can be more broadly applied
in the inspection and mapping of soil and water conservation structures in the future.

Key Words: viDoc RTK Rover, unmanned aerial vehicle (UAV), coordinate transformation, point cloud model.
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Fig.5 (a) UAV aerial photography and ground viDoc

scanning routes. (Red lines represent UAV flight
paths, and blue lines represent viDoc scanning
routes); (b) Detailed viDoc scanning routes.
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Fig.7 3D model construction results. (a) UAV point cloud model;(b) viDoc point cloud model
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8 UAV BAERE - HAfTEMEEAE BB R R E SRS MAERER S M MR

Fig.8 UAV point cloud model, where the red box and blue box indicate areas of point cloud loss and rough appearance
of structures, respectively

9 viDoc 22 - (a) REEMEEL ; (b) HIFEIEE
Fig.9 viDoc models. (a) point cloud model; (b) mesh model

# 1 viDoc EEMEEER E R T L

Table 1 Comparison of viDoc structure modeling and actual size.

firg EHIE HERST (AR AR (AR)
1 EHES 0.880 0.885
2 HAKFLAR 0.078 0.072
3 FEMERS R 3.770 3.766
4 atlilpei-r 1.090 1.083
5 HHERE 3.130 3.121
6 WK FLIEAR 1.650 1.646
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Fig.10 Comparison of results from viDoc structure modeling and actual size
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Table 2 Coordinate transformation accuracy assessment results. (Unit: Meter)

B X7 i Y5 EjERE ZJ IR B s
a -0.022 0.023 0.116 0.120
b 0.050 -0.038 0.047 0.078
c 0.029 -0.036 -0.047 0.066
d 0.043 -0.046 -0.073 0.096
e 0.033 -0.010 -0.017 0.038
f -0.012 0.037 0.059 0.071

g -0.032 -0.038 -0.057 0.076 0.068
h -0.037 0.019 -0.054 0.069
i 0.023 0.060 -0.019 0.067
] -0.031 0.111 0.028 0.118
k -0.027 0.051 0.051 0.062
-0.017 -0.133 -0.003 0.134

(b)
11 UAV £ viDoc =#HERIB SRR (a) EIR2ERER 5 (b) C2HERER
Fig.11 3D model integration results of UAV and viDoc. (a) without coordinate transformation; (b) with 7-Parameter
coordinate transformation
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12 HEEREGETEE - () BILREEE ; b) BLRAERE
Fig.12 Schematic diagram of point cloud models (a) before and (b) after optimization

13 HERIUEARTEE
Fig.13 Schematic diagram of point cloud model joints

&3 MBEBEIMIAR (B 2R

Table 3 Absolute accuracy analysis results. (Unit: Meter)

HBhfir XT5Iaj YT AR L7 IR B 3R I
M 0.083 -0.197 -0.088 0.231
N 0.031 -0.120 -0.053 0.135
0.152
o] -0.002 -0.008 -0.141 0.141
P 0.089 0.008 -0.043 0.100

N FEEmELER

St EATRCR P PASE 1 DA T &
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BB IRRP AL © (ERRE TR - o] DURSHE S I M AR IS )
R SEE BRI © R TR - m AR R B
2t WRHETREZREN - e KIgaFihRs - et
S KR = e fGBNE TSR R BRI - FOMIE 74
FATE ~ BESERE ~ (B3 - (ERIPRAIEL ST, T2 RE I ELen R
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TRENIRE T AR -
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x4 AELFRE  BERE - BRE - ERRFIRLL TRERZLEE

Table 4 Comparison of measurement method accuracy, point cloud density, advantages and disadvantages, usage lim-

itations, and applications in disaster prevention engineering.
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