K 1 (RFFELER, 56(2):75-87(2025)
Journal of Chinese Soil and Water Conservation, 56 (2): 75-87 (2025)
DOI: 10.29417/JCSWC.202506_56(2).0004

tEMZERBEVAERTAEMS ZM7R

oo (1] %TS‘-. e [1]*

W E KL IREEES AHPEREFAEATRGER (VAV) SR irsysE
IEIRET = YRR - ARHSE ST R AN 22 sh R B U R o 1 K L ORdSr TAERE G HEr T =4S > oA
BERLGRCR © MEAIZE o RIER A viDoe RTK YEEEZ G STM-UAV Sl Er THIGE ERUR =AY » 2
BRI N RS RL & » BRSO ITRE SRV R AR EIEE © SERBUR - AR RIR Y 3R By
0.068 /AR > HAE viDoc EERIIEAI » RSFEE AR 2AHR - HHh - AR S R A AAEREH i R
ARy 0152 AR IBEEAEREN] > [EA 2B AR A @ & UAV & viDoc 7 [HEAY » B2 ik
G - ISR FARE R Z e FIF /K L AR FHE S 1 B U B S S R AR -

RABEEA : viDoc RTK ~ S \FRITHGE ~ AAFEEHHA - BESEMHAY -

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 SfM-UAYV 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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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 BRERRAY . HAFTAEMEEAE ) BB R BRI AAERE RS E M M R
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) HIFEIEEL
Fig.9 viDoc models. (a) point cloud model; (b) mesh model

# 1 viDoc EEMEEER FRR Tt

Table 1 Comparison of viDoc structure modeling and actual size.

firg EHE HERST (AR AR (AR)
1 FEREEE 0.880 0.885
2 TKFLNTE 0.078 0.072
3 FERIERS T 3.770 3.766
4 EREEE 1.090 1.083
5 SR 3.130 3.121
6 K LIS 1.650 1.646
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Fig.10 Comparison of results from viDoc structure modeling and actual size
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ESESAIEHIEEAME (E 6 FAVEEREFTR) SHERHET T4
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Table 2 Coordinate transformation accuracy assessment results. (Unit: Meter)

Hhfir XTTERAE YT ERE 2 ERRE B ERE 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
i -0.031 0.111 0.028 0.118
k -0.027 0.051 0.051 0.062
I -0.017 -0.133 -0.003 0.134

(b)
11 UAV £ viDoc =#HERIB SRR (a) BIR2ERER 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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B 12 BEERLEAETEE - () BIEREERE ;5 (b) BLRITER

Fig.12 Schematic diagram of point cloud models (a) before and (b) after optimization

13 HERAESRTEE

Fig.13 Schematic diagram of point cloud model joints

&3 MBEBEMIAR (B 2R

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

BEAL X5 [a)ER 7% Y J5[E)ER 7 Z)j[EERsE BhAr R T
M 0.083 -0.197 -0.088 0.231
N 0.031 -0.120 -0.053 0.135
0.152
(0] -0.002 -0.008 -0.141 0.141
P 0.089 0.008 -0.043 0.100
R\ FETAEIESE @Hﬁﬂﬁ‘z%_—%v HLtAHIERE - i viDoc HE
i URRAPZS (= e 5 s -
S EATRCR FT A HH DL T S - BEAh » PSR REFI S TAR - AR IES Wi T
1. RBAFE(HH Fortran 2 BERS L TR R AR 4050 B MBS PTG ¢ R3S ER - BT LU TSR M T Sk )
%@Ef&%W%Aﬁiéng%ﬁﬁ”Z%ﬁ’% R SR © (R TR o o LU B
%@E{EZ%@EEH; ?Tﬁ}%jt{’a{b{ﬁﬁifﬁ\z%if§§ ,ﬂ: Eﬁ{%/ﬂ;liizf%iﬁri ﬁ?’_‘«(?éﬁ?'fﬁﬂﬁ‘ 5 ﬁb m%}\%ﬂ
pointbox 2 - I = L TR R (R - ELHIR A
2. MR DU AT & S B A E fe B UAV K WERE < BESERRRE « (BSh « (o P R S 5 TR F Ll
viDoc EIRYRALESTRL S - BPIZEHISE S AU » 225 AFT » ELA R AT viDoc BB s K ~f
ERIIERRIAS IR, - R T SR —LL B M R <AL SR 51 - REAEHE FTRA K L (R R

viDoc {E R {ZilE: - AR UAV BRI AEREN: M FIBYE S R -
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x4 REGFRE  BERE  (BRE - ERRFIRKLL TRERZLEE

Table 4 Comparison of measurement method accuracy, point cloud density, advantages and disadvantages, usage lim-
itations, and applications in disaster prevention engineering.

T (o PR

KT RERER

viDoc +1-3 500-2000 E*ﬁ}%{ N ﬁ};ﬁﬁé\\zﬁﬂgﬂ/ﬁ” gﬁ%g/gﬁi S 3&;&—3@{& ﬁ%i%ﬁ%gﬁ ’ iﬁ“%’}\l @ S \é-f:lt *% ‘,&f% é‘Hﬂ ,E_ﬁ E

WEE K HEER

METE LS e o
(T AI4E)

Cebig) 520 100500 B
viDoc+ UAV

(eSS

15~ BIP
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w315 a00.a500  TEEBSANGEEIE  EWEIEESE  BEAEIERRN SRR EEID
* {3 B - CRERYE  iTE

A T

fih B TR Bt T
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