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Due to the low accuracy of measured data obtained from low—cost GNSS and IMU devices, it was hard to secure the required
accuracy of the measured position and heading angle for autonomous navigation which was conducted by a model—scale
marine mobility. In this paper, a localization technique using the Extended Kalman Filter (EKF) is proposed for coping with the
issue, First of all, a position and heading angle estimator is developed using EKF with the assumption of a point mass model,
Second, the measured data from GNSS and IMU, including position, heading angle, and velocity are used for the estimator, In
addition, the heading angle is additionally obtained by comparing the LIDAR point cloud with map information for a temporal
water tank, The newly acquired heading angle is integrated into the estimator as an additional measurement to correct the
inaccuracy in the heading angle measured from the IMU, The effectiveness of the proposed approach is investigated using data
acquired from preliminary tests of the model—scale autonomous marine mobility.
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Fig. 1 The model-scale autonomous marine mobility built
in the University of Ulsan

Table 1 Specification of the model-scale autonomous
marine mobility

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.2 H/W architecture for model-scale autonomous
marine mobility

Table 2 Features of equipped GNSS, IMU and LiDAR

[tem Properties

Position accuracy (w/ RTK) :
0.01[m] + 1pp[m] CEP

GNSS ) . .
Frequency of time pulse signal:
0.25-10[Hz]
IMU Unpublished
Accuracy : £3[cm] typical
LiDAR Angular resolution : 0.1°-0.4°

Rotation rate: 5-20[Hz]
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Fig. 3 S/W architecture for model-scale autonomous
marine mobility
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Table 3 Position and heading angle estimator for the
autonomous marine mobility

Type Model Application
None - GNSS + IMU
EKF Point mass GNSS + IMU
. GNSS + IMU

EKF + ICP Point mass + LIDAR (heading angle)
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Fig. 5 Trajectories and time series of heading angle for
model-scale autonomous marine mobility
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Fig. 6 Tank boundaries when implementing the proposed
approach using measured data acquired from
GNSS, IMU, and LiDAR at 338-step
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Fig. 7 Tank boundaries when implementing the proposed
approach using measured data acquired from
GNSS, IMU, and LiDAR at 486-step
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Nomenclature

Abbreviation Terminology
AAWA Advanced Autonpmgus Waterborne
Applications
ASEE American Society for Engineering
Education
CEP Circular Error Probable
EKF Extended Kalman Filter
EMC Electromagnetic Susceptibility
EMI Electromagnetic Interference
GNSS Global Navigation Satellite System
ICP Iterative Closest Point
IMO International Maritime Organization
IMU Inertial Measurement Unit
Korea Autonomous Boat
KABOAT Competition
KRISO Korea Research Inst.itute.of Ships &
Ocean Engineering
LiDAR Light Detection And Ranging
LR Lloyds Register
LTS Long-Term Service
MASS Maritime Autonomous Surface Ships
NFAS Norwegian Forum for Autonomous
Ships
NTNU Norwegian University of Science and
Technology
ROS Robot Operating System
RTK Real Time Kinematic
SLAM Simultaneous Lopalization and
Mapping
SNAK Society of Naval Architects of Korea
UK United Kingdom
USA United States of America
UTM Universal Trgnsverse Mercator
(Coordinate System)
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