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[Abstract]

Maritime back-up navigation system in port approach requires a horizontal accuracy of 10 meters in IALA (International
Association of Lighthouse Authorities) recommendations. eLoran which is a best back-up navigation system that satisfies accuracy
requirement has poor navigation performance depending signal environments. Especially, noise caused by multipath and electronic
devices around eLoran antenna affects navigation performance. In this paper, Ship based Navigation Back-up system using UAV
on Interference is designed to satisfy horizontal accuracy requirement. To improve the eLoran signal environment, UAVs are
equipped with camera, IMU sensor and eLoran antenna and receivers. This proposed system is designed to receive eLoran signal
through UAV-based receiver and control UAV’s position and attitude within Landmark around area. The ship-based positioning

using eLoran signal, vision and attitude information received from UAV satisfy resilient and robust navigation requirements.
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Table 1. Minimum maritime user requirements for general
navigation-backup system [5].

System level parameters
Absolute Inteeri
Accuracy ) grity
Horizontal | Alert limit ]::ll;:ntlo Integrity Risk
(metres) (metres) (seconds) (per 3 hours)
Ocean 1000 2500 60 10*
Coastal 100 250 30 10"
Port approach
and restricted 10 25 10 10*
waters
Port 1 2.5 10 10*
Inland 4
Waterways 10 25 10 10

https://doi.org/10.12673/jant.2019.23.4.289

290

=l
Al el A1 2] wig] FPHA| BRI eLoran Al~HlS
o ekg Ao g ARESE = 9l & UAVE 83 eLoran
7|Hke] AurE9] Al2BS A ABIITE 28| A = HAH QL A
28l Al tjste] A|slgl o, 38 A= UAVOlA] 3
@ ANES HET AU 29 el Foll thake] e
upx| ko 2 4ol M e B =] AE uaskal % )

Aol thsto] Argakitt

False GPS
signals
transmitted
by attacker

J3 1. GPS AFgo= oI5t Mufo| AZ0|E EN
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Fig. 2. Antenna setup environment for using eLoran
system in a ship.
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Table 2. Terms in the direct georeferencing equation.

Terrms Explanation
7‘;)” Landmark vector in m-coordinate
r;'j;or an (t) eLoran position vector in m-coordinate
Rm( t) Rotation matrix
b between body coordinate(b) and m-coordinate
S; scale foactor
RY Rotation matrix
v between body coordinate(b) and vision coordinate
i Landmark relative position vector
P in vision coordinate
a}, Lever arm offset
1 between eLoran antenna and vision coordinate
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Table 3. A comparison of SNR performance of the
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7430M | 7430X | 7430Y | 9930M | 9930W
SNR in
Rri@] | 10731 ] 56268 - 0.8504 | 1.6206
SNR in
Uaviap] | 275982 | 116818 | 8.0468 | 17.8222 | 18.1564
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