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ABSTRACT

This paper addresses on the International technical trends, standards, and development status of terrestrial radionavigation
system to provide more accurate and fail-safe Positioning, Navigation, and Timing (PNT) Information available in maritime
navigation environment. We analyze the performance result of pilot service in enhanced Long range navigation (eLoran)
testbed environment using Low Frequency (LF) signal, and describe the development status of Ranging-Mode (R-Mode)
system using Medium Frequency (MF) and Very High Frequency (VHF) to meet the Harbor Entrances and Approaches
(HEA) requirement of International Maritime Organization (IMO) within 10m position accuracy. Furthermore, we present an
architecture for integrated service of satellite-terrestrial navigation system and future maritime applicable fields. As the core
information infrastructure of future navigation for 4th industrial revolution, this paper will be contributed to determining the
direction of present and future to provide fail-safe PNT service with Global Navigation Satellite System (GNSS) based on the
technical enhancement of terrestrial integrated navigation system.
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Table 1. Comparison of satellite and terrestrial navigation systems.

Satellite navigation system Terrestrial navigation system
System R-Mode
GPS (U.S. KPS (K LF (eL
(us. (Korea) (cLoran) MF (Beacon DGNSS) | _ VHF (AIS/VDES)
Frequency (wave length) 1.5 GHz (19.03 cm) 1.5 GHz (19.03 cm) 100 kHz (3 km) 283.5~315 kHz (1 km) 160 MHz (2 m)
Transmitting output power 60 W 60 W 50~150 kW 300~500 W 50 W
. . Inland 80 km
Coverage Worldwide Korean peninsula 1,000 km Ocean 185 km Ocean 80 km
Transmitter 32 satellites 8 satellites > 3 transmitters 17 reference stations 38 base stations
Refere.n ce stat'lon 10 stations dLoran stations (<30 km) DGPS AIS base stations
(Integrity monitor) RSIMs
Position accuracy <10m <10m <20 m (ASF correction) | <10 m (Include eLoran) | <10 m (Include eLoran)
PNT&D* capabilities P.-N.T-D P.N.T-D P.-N.T-D P-N P-N
Robustness against Jamming Weak Weak Strong Strong Normal
Development status In operation ('93~) | In development ('22~'35) Pilot service ('20~) In development of R-Mode ('20~'22)

*PNT&D: Positioning, Navigation, Timing, and Data
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2. TECHNICAL COMPARISON OF
RADIONAVIGATION SYSTEM
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3. DEVELOPMENT TRENDS OF TERRESTRIAL
RADIONAVIGATION SYSTEM

3.1 R&D Projects on Terrestrial Radionavigation
System
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Table 2. Technology trend of international R-Mode R&D projects.

Country Project Period Description
U ACCSEAS 2012-2015 |Feasibility study of MF/VHF R-Mode technology
BalticR-Mode | 2017-2020 |Baltic Sea demo of MF/VHF R-Mode technology
UK - 2017 Analysis of MF R-Mode interference effect
Canada - 2018-2021 |MF R-Mode demo. and long-distance application
China AAPS 2012-2015 |Feasibility test of AIS R-Mode technology
Republic of - 2019 Performance prediction of MF/AIS R-Mode, eLoran integrated service
Korea WAVE 2020-2023 |Testbed demo of terrestrial radionavigation system’s performance

Table 3. International standards for eLoran and R-Mode service.

Organization System Document Title
Guideline (G1125) The technical approach to establish a maritime eLoran service
eLoran - P .
IALA Recommendation (R1011) The performance and monitoring of eLoran service in the frequency band 90-110 kHz
R-Mode In development R-Mode (MF): Develop a guideline on the provision and use of marine beacon R-Mode
Guideline (G1158) VDES R-Mode
RTCM eLoran eLoran standard (SC-127) Minimum performance standards for maritime LORAN receiving equipment
eLoran Recommendation Interference to radionavigation services from other services in the frequency bands
U (ITU-R M.589-2) between 70-130 kHz
eLoran Recommendation Technical characteristics of methods of data transmission and interference protection
(ITU-R M.589-3) for radionavigation services in the frequency bands between 70 and 130 kHz
IMO Irrlzziiriizd Resolution (A.818(19)) Performance standards for shipborne Loran-C and Chayka Receivers
IEC Navigation Resolution (MSC.401(95)) Performance standards for multi-system shipborne radionavigation receivers
TC80 equipment [EC61075 Loran-C r.eceivers for ships - Minimum performance standards - Methods of testing
and required test results

eLorany} R-Mode A AITpsH A AEI O] 9] 7]|& E3FS
A HH, Table 20 UEPH A7, R-Mode 7152 Bl =141
2 93t 8193} (EU)2] Accessibility for Shipping, Efficiency
Advantages and Substantiality (ACCSEAS) ZTZAEE AZF
© 2 MF H|Z DGNSS, AIS, eLorang 83+ R-Mode Al5A]
3 (Johnson & Swaszek 2014), %=2] AIS R-Mode EFFA] A
3] (Zheng et al. 2016), 7iLfche] MF R-Mode & 335} Resilient
PNT &34 13 (Huot et al. 2018), EU2S] 2EIS] A= (Gewies
et al. 2018), 18] 37 thSt=-9] eLoran/MF R|AYTHEFSRI A A
H Ao gl Al=S = 4 9lt} (Han et al. 2019).

3.2 International Standards of Terrestrial
Radionavigation Service

T Q) XAk} 7]vke] Atk Al AE1Q) eLoranz} R-Mode
AHIAE 915 %Zﬂﬁ% T P%S AT EH, Table 33} 7ol
A E5 (Standard), F 2 (Recommendation), A& (Guideline)
o7 BEgk 4l IALAOﬂHh eLoran & I AH|AE 9|5}
341 IALA R1011 2017)2} 2|2 4] (IALA G125 2017)Z 7Haks)
917 VDES R-ModeZ 2J3}F 2|21 4] (IALA Gl158 2020)2 ZH]|
i 910, MF R-Mode & 913t A A& AT Foloh sk F
21719143 o] EE 91591 SC-127¢]|1 4 eLoran $417HH]
A2 HAASHEE thRAL Jlom, SAIA 7 FAIAS ITU)
ITU-R M.589-20]|4] S48 Aju] A0] T3t 7F4 1} ITU-R
589-300| 4] RhHAH| A dlolE] Agat THI RS Bt Vs
E 0] sl AHska 9t IMOo] 4% Resolution A.818(19)
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4. DEVELOPMENT STATUS OF
TERRESTRIAL RADIONAVIGATION
SYSTEM

4.1 Enhanced Loran (eLoran)
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Fig. 2. Configuration of eLoran testbed system (Son et al. 2020).

4.1.1 eLoran transmission system
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Fig. 3. eloran transmitting and time synchronization systems.
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AABIL QL oLt A AARION = FY Aol AAIE &5
o] 715§ Gauss mid latitude 7|¥H-& & -£35}9ith T3t eLoran
A5 o] Aty o] wYsH= 291 4= 7 Primary factor
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B R, e O 9] o] S-S gttt (Kim et al.
2021, Son et al. 2022). E5] ASF= 2714 ASF (Spatial ASF)2}
A ASF (Temporal ASF)Z o]z =0, F7F ASF= 441
Al5of ulal sed ASF 2| 52 FAI5H= Zo]3, A|H ASF
BA7IEFNA AP 02 WHdlsh= ASF gk ASsto] &
Al=tol 4] eLoran A1 SRARE Fol AFERON|A| A F-=+= ASF &
Zolgl o]t}

eLoran £A13- A|AET} B 7|22 A AEIS o]¢ul (Eth-
ernet) 0 & 175}o] H|of5}7] 915t FGAAA AR (Integ-
rated operation and control system; IOCS)<2] LAJ-& Fig. 49} 2t}

F]F

4.1.3 Testbed system operation and the performance analysis

eLoran A|HAJH| A ARG o5le] ata} g 2at
S £Z AT (9930M, 9930W)2} 14 eLoran A|&EA19] 4
413 (9930V)E o]g3le], Q13 B 7|&= (dLoran)o|A] B
BARE PAstar, BAo] 942S WzsHs PPM 4l9] LDC

HA R 2 FAdste] AbgARlAl Al3stE = sHdth (LA 2007).
BlAEN|E Al 20l whE 45 84S S8, Aol eLoran 4
A17]19} E-Field ¢teUE ghajisled o1
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Fig. 4. Configuration of integrated operation & control system with dLoran.
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Fig. 5. Position accuracy of entire path and ASF map with the corrections (Son et al. 2022).

4.2. Ranging Mode (R-Mode) Fig. 62 eLoran 2152 23+s}= R-Mode 3P AJE]| A 9] 7|
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7] Atole] A E S7gsla, T f olike] $4lY o2 RE 9] A £o] 753l B 2 PNTE] 4124 Foiel 3| 10 m o] 2] 59175
o RS ols] ASAP) PNT ANE AST 4 o YA HE AL AL 4otk
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4.2.1 Building of R-Mode testbed system
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4.2.2 R-Mode transmission system
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1 .
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Table4. Marine applications of terrestrial radionavigation service.

Application fields Applicable systems Descriptions
Onboard navigation system, Safe navigation support It can be used in navigation systems, navigation support systems, and
Marine navigation system, Integrated navigation system for Unmanned  integrated navigation systems for unmanned and autonomous vessels to
& Autonomous vessel support safe navigation of maritime vessel traffic.
. o Automatic Identification System (AIS) The GPS tlr‘ne synchr.on.lzatwn system, Whl(?h 1.s the standard for AIS time
Time synchronization X N slot allocation for ship information transmission, can be backed up and
Aids to Navigation (AtoN) . . o .
replaced with terrestrial navigation service.
Maritime vessel traffic The position information of marine vessels based on GNSS can be used as a
monitoring GICOMS, VTS, VMS. V-PASS, e-NAV, backup PNT service for the operation of the maritime traffic control system

to support safety navigation.

Marine mobility, Smart device-based navigation

Marine applications App. Hea-road, Bada-Navi.

To utilize maritime location information and safety information services, it
can be used for sea positioning navigation APP using smart devices, which
are user terminals.
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