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With the recent advancement of autonomous marine mobility, various studies have been conducted focusing on four modules of

H/W and S/W architecture: localization, perception, decision/planning, and maneuvering/control. In marine mobility such as large

ships and offshore structures, localization technique is often simply constructed solely using signals measured by Global

Navigation and Satellite systems (GNSS), However,

small autonomous marine mobility designed for surveillance and

reconnaissance are developed with constraints on budget, size, and weight, as well as a high risk of loss during mission

execution, In this paper,

it was aimed to develop a localization technique applicable to small autonomous marine mobility

considering a low—cost, low—precision GNSS with a 3D LIDAR point cloud, Furthermore, metrics were proposed for qualitative

and indirect quantitative evaluation of the developed localization technique, First, a positioning technique was developed using
an Extended Kalman filter (EKF) and Iterative Closest Point (ICP) map matching, Second, residuals were used for the qualitative
evaluation of the developed localization technique, Third, the Intersection over Union (loU) was used for indirect quantitative

evaluation, Finally, it was confirmed that localization performance was significantly improved using the proposed indices,
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Multi-channel 3D LiDAR"
Channel : 16
Range : up to 100 m =
FOV : +180 deg horizontal
£10 deg vertical

GNSS?)

Antenna : Single = -
Position accuracy (w/RTK?) : m7 2 !
0.01[m] + 1pp[m] CEP o
Frequency of time pulse signal:

0.25~10[Hz]

MU
Model : 3DM-GX5-AHRS

Accelerometer : +8g (standard) §
Gyroscope : 300 deg/s (standard)

Magnetometer : +8 Gauss

1} LIDAR : Light detection and ranging
2) GNSS : Global navigation satellite system

Processor

CPU : 12-core Arm

RAM : LPDDRS 64 GB

GPU : NVIDIA AB4 Tensor cores

Fig. 1 The H/W configuration of the small autonomous
marine mobility

Table 1 Specification of the model-scale autonomous
marine mobility (You, 2024)

Item Properties
Lpp [m] 0.91
B [m] 0.70
D [m] 0.61
Max. weight [kg] 60.00
Weight [kg] 39.40
GNSS [-] Ublox ZED C099-F9P, 1EA
IMU [-] WITHROBOT myAHRS+, 1EA
LIDAR [-] Velodyne VLP-16 puck, 1EA
Thrusters [-] Blue Robotics T200, 4EA

Servo motors [—] RCmall ASME-04B, 4EA
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Fig. 3 The S/W architecture for small autonomous marine
mobility implementing proposed localization
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(a) Raw point clouds (b) Preprocessed point clouds

Fig. 4 Point cloud preprocessing results obtained from the 3D LiDAR data
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Table 2 Parameters used in LIDAR point cloud preprocessing

Parameter Description Value
LiDAR-to-vehicle
translation in x—axis T ation 1 0.384 m
- - ranslation from
LIDAR. 0 'vehlcle' LiDAR frame to 0m
translation in y—axis .
vehicle frame
LiDAR-to-vehicle 05 m
translation in z—axis ’
) ) Rotation from
LIDAR-to-vehicle | | inag frame to | 0°, 0%, 0°
rotation .
vehicle frame
Region used to (x): =0.3~0.3 m
Ego-vessel exclusion| remove points (y): —O-3~O.3 m
region corresponding to ) 4 na
the ego vessel (2): =1.0~3.0 m
Region of Region retained for (X): 5.0~5.0m
Interest(ROI) localization (v): =5.0~5.0 m
(2): =1.0~2.0 m
Voxel size Resolution for.voxel 008 m
downsampling
Radius for outlier Rgdlus usedlfor
isolated point 0.16 m
removal
removal
Maximum distance
DBSCAN distance between 03 m
threshold neighboring points '
in DBSCAN
- Minimum number of
Minimum number of . .
points for a valid 7

points

DBSCAN cluster
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Require: Raw point cloud data (r,y, z, intensity) Ax|=lo] QU SHE AR EFOIEPET‘| 255 /Al G0l
from multi-channel 3D LiDAR. M2 Fig. 4(a)t ZCh Fig. 10IM E7|= Z4%=, 1684 2}
Requlr:a: Parameters: LlpﬁR—t{)‘—vz:hu'k: transfor- O|CiZEE S5 MRS 3xjel SAWIX| AlEst 4 glony 2t

mation, Ego-vessel exclusion region, ROI bounds, ol . i i 3
Voxel size, Outlier radius, DBSCAN threshold, AEt Fig. 4(a)= HA2I=] & 3D 210

Min cluster points.
Ensure: Filtered and lightweight 2D point cloud

data on the ry-plane.

1: Acquire raw point cloud data from the
multi-channel 3D LiDAR.

2: Transform the point cloud:

3: Transform the data into the wehicle coordinate
frame using the LiIDAR-to-vehicle transformation

parameters.

4: Preprocess the transformed point cloud:

5 Remove points located inside the predefined
ego-vessel exclusion region.

: Remove points located outside the predefined
ROIL.

7: Generate lightweight 2D point cloud data:

&: Dhiscard the intensity channel.

9 Project the point cloud onto the ry-plane by
setting z = (.

10: Downsample the projected point cloud using
voxelization.

11: Remove isolated points using a radius-based

outlier filter.

12: Perform DBSCAN clustering.

13: Discard DBSCAN noise points and small iso-
lated point groups that are not assigned to valid
clusters.

14: return Filtered and lightweight 2D point cloud
data.

Fig. 5 Pseudo code for preprocessing 3D LiDAR point
cloud using the parameters defined in Table 2
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(@) Map point cloud (b) ROI extraction (c) Initial ICP registration (d) Refined ICP (e) Computation of
generation and transformation between the map registration global-frame measurements
in the global frame to the local frame and LiDAR point clouds after outlier rejection from the ICP result
______ outlier ¢ ®
©oo0o0000000 ,/’ o - °® ] reJection\‘>o< ° [] X, 0
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Fig. 6 Conceptual illustration of the proposed ICP-based map matching process for LiDAR-based localization
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Yk
0
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Algorithm 2 Extended Kalman Filter for Ego Vessel Local-

ization

Require: Initial state Xg9 = [70. %o, 1o, Up]T, initial co-
variance Py, process noise covariance Q, measurement
noise covariances R and Rycopy., time step At, global

Fomdiion aan nm AAG DAQE iloacl 11 DAL
ITALUIC Idp JviI o, RIVIOL UICNUIU fuivi

SE
SLoth-

Ensure: Estimated state kkﬂc = [5”; -‘;'Hk- {‘;CI;\..U;.”‘.}T.
1: Initialize 5{()|(| and P(;.|[|.
2: while EKF is running do
3:  Process Update:
4 Acquire yaw-rate input ;1.
500 X falXe—1jk—1:Th-1)-
6: Fp %
7. P« FiP o F+Q
8:  for measurement source a € {G,ICP} do
9: if « = G and GNSS/IMU measurement is available
then
10: Za ¢ 26k = [Tk YG ks VT ks U k)T
11: H, + Hgz, R, + Rg.
12: else if @« = ICP and LiDAR point cloud is available
then
13: Perform ICP-based map matching using MY, Li-
DAR, and x.
14: Obtain zjcpr = [Trcpk Yicpk Yicpk)” and
RMSE).
15: if RMSE;, > RMSE,; then
16: continue.
17: end if
18: z, < Zicprk, Ha < Hicp, Ra < Ricpy.
19: else
20: continue.
21: end if
22: Common Measurement Update:
23: Ya ¢ 2q — HyX.
24: Normalize the heading component of y,.
25: S, «+ H,PH! + R,.
26: if |y.(i)| < 3,/Sali,i) for all i then
27 K, «+ PH!S !,
28: X x+ K,ya.
29: Normalize the heading component of x.
30: P+ (I-K,H,)P.
31: end if

32:  end for
33: )A(A.“\. — X,
34: end while
35: return Xj;.

P""“\' + P.

Fig. 7 Pseudo code of EKF-based filtering using GNSS/
IMU and ICP-based map matching measurements
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Fig. 8 Measurement noise matrix’s weight distribution
according to RMSE of ICP-based map matching
results
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Nomenclature
Abbreviation Terminology
AAWA Advanced Autorpmgus Waterborne
Applications
AUV Autonomous Underwater Vehicle
DVL Doppler Velocity Log
EKF Extended Kalman Filter
FLS Forward Looking Sonar
GNSS Global Navigation Satellite System
ICP lterative Closest Point
IMO International Maritime Organization
IMU Inertial Measurement Unit
loU Intersection over Union
KABOAT Korea Autonomous Boat Competition

LiDAR Light Detection And Ranging
MEMS Micro Electro Mechanical System
NATO The North Atlantic Treaty Organization
RMSE Root Mean Square Error
RO-RO Roll On Roll Off
ROS Robot Operating System
RTK Real Time Kinematic
SLAM Simultaneous Localization and Mapping
UKF Unscented Kalman Filter
USBL Ultra Short Baseline
UTM Universal Trlansverse Mercator
(Coordinate System)
= 7
0] =22 TR (P |sdE2stF)e AR SH=ATAH
Clo| X|@g dhot $3liEl o471l (RS-2024-00395678, =4
Zlodq), E5H o] M= 2026 WSE I SARYIAe| T
YU Z S RISEME|S| X3S ot plEl XSS oot
X|AAMAIRISE) Atiel Znel (2026-RISE-07-001). 20234=
Ale2edHEATICHSo| &od, 28 AHY AeRE s ol
HE AAMZRIE Stichstn st siF ofF npy 20l
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