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In this study, we present a mapping framework for 3D spatial reconstruction of digital twin model using navigation and
perception sensors mounted on an Autonomous Surface Vehicle (ASV). For improving the level of realism of digital twin models,
3D spatial information should be reconstructed as a digitalized spatial model and integrated with the components and system

models of the ASV. In particular, for the 3D spatial reconstruction, color and 3D point cloud data which acquired from a camera

and a LIDAR sensors corresponding to the navigation information at the specific time are required to map without minimizing the
noise, To ensure clear and accurate reconstruction of the acquired data in the proposed mapping framework, a image
preprocessing was designed to enhance the brightness of low-light images, and a preprocessing for 3D point cloud data was
included to filter out unnecessary data, Subsequently, a point matching process between consecutive 3D point cloud data was
conducted using the Generalized lIterative Closest Point (G-ICP) approach, and the color information was mapped with the
matched 3D point cloud data, The feasibility of the proposed mapping framework was validated through a field data set acquired

from field experiments in a inland water environment, and its results were described,
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Fig. 1 Flowchart of camera-LiDAR preprocessing and 3D registration using G-ICP for 3D spatial reconstruction
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Table 1 Results of turning and zigzag maneuvering test

Turning Tactical diameter

Port30° 3.6L (7.2m)
Starboard30° 3.75L (7.5m)

Zigzag 1%t overshoot angle | 2™ overshoot angle
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Starboard20°/20° 16.5° 12.7°
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Fig. 6 Field test results of the proposed waypoint guidance
and tracking approach

N
0
oz
|
Hu
Ho
ol
ol
F[F
=
0%
=2
x
)
il
i)
0)
=
mﬂ:
0=
ol
F[F

0
FEH

Rall

At
Op
2
2
e
oo
2
el
)
o

ror
rot
=
> H
g
=
<
d
ics
1o
ox -
olr
i<}
ol
rlo
L2
o

H|o{7|

=

4.3 THE| 7|2 HE &zt

o
ro

>
0z
rs
=)
>| nn

Atg2e YoM gl 2FstL 2e ot
= Aol FH2te] ZETt Rokk|E Algo] Bl

. ok FHHEE El=e| 87| A Aol Al
Tslo] Yol H Ui 31 22 Yol HE
i AR B2k o o5 HYSISIEt Fig.
[0|X] Hlo|e] MIEE HH, =EIF 2 0]

p=
T lend, Mokt MAz| 7|He HE

o
HL
f
Mo
o
ol
_[_

lo xB
0

o
T
=
o ol
o

o>
il
0
4o M
ol

ofr
N
n>

s

x

0z

1l

=

30

N TIr
o

1
:

N
mjo
T

Cistx=Mstsl=2% X 613 MBS 20243 6



Data set 1 Data set 2 Data set 3 Data set 4

- EJ % - k4

v -
ik P

Original

Gamma
correction

Gamma
correction
+
Histogram
stretching

(c)

Fig. 8 Results of 3D spatial reconstruction using camera and LiDAR mounted on the developed ASV: (a) test site image
for the field test in inland water environment; (b) a 3D spatial reconstruction result using camera and LiDAR without
the proposed approach; (c) a 3D spatial reconstruction result using camera and LIDAR with the proposed approach
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