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ABSTRACT

As location-based services using the Global Navigation Satellite System (GNSS) are diversified, concerns about the

vulnerability of GNSS to radio disturbance and deception are also growing. Accordingly, countries that own and operate GNSS,

such as the United States, Russia, and Europe, are also developing additional navigation systems that can compensate for

GNSS' weaknesses. Among them, an R-Mode system that transmits navigation signals using an infrastructure that transmits

differential GNSS (DGNSS) information using signals from the medium frequency band currently in operation is being

developed in Europe and Korea. Since 2020, Korea has improved four DGNSS transmission stations, including Chungju,

Eocheongdo, Palmido, and Socheongdo, to transmit R-Mode signals and test navigation performance in some parts of the West

Sea. In this paper, we intend to establish a testbed for measuring the distance of R-Mode signals currently being transmitted

and analyze the results. It is confirmed that the distance measurement performance varies depending on the antenna type,

diurnal variation, and propagation path of the signal.
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. INTRODUCTION
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At AA] &8& EXF =517 It} (Offermans et al. 2015,
Kim et al. 2022). 5}A| 9} eLoran A|AHS 215 £28& §8% 0
2 517] el e =2 =l ¢ElUr Haskar, olof et |
& QL 27} Bashy] whge] 27bHQ) AT TEe of
20| Qlt} (Son et al. 2020). 1o ¥isl| F o] Hails
2 2}25}= MF DGNSS 01 a2 £ dd&uls 42510 77
=Z5l= MF Ranging Mode (R-Mode) 7|&-& o]u] &%
2} B4s1] mhel AthEo® 47 Pl Assiche
o] Qick. 17 Whgel fHelME T F1go] the AT
o] ZHts| o]f]2] 12 Tk (Gewies et al. 2020, Wirsing et al.
2021, Grundhofer et al. 2021).
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2. MF R-MODE OVERVIEW

2.1 MF R-Mode Signal Specification

7]&2] MF DGNSS Qlagtol A $&ch= MSK HE 14| €]

AT 5,0 ponss (O EQ. OFF ZET} (Johnson et al. 2014).
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Fig. 1. Geometry of Baltic R-Mode transmitting station and user (Fig. 5 of
Grundhofer et al. 2020).
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2.2 Recent Studies of MF R-Mode
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AAE A] -3t o]of Baltic R-Modeo]| 4]+ MF DGNSS Fu}4=
Gl gt A5 E e o 2 A A= A E AAIE vt
?lc} (Grundhofer et al. 2020).

3. MAIN PARAMETERS FOR MF R-MODE
RANGE MEASUREMENT

3.1 Receiving Antenna
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3.2 Environment of the Signal Propagation Path

wpygg s gxjet 2he Jwistel A §
© 2Rl bl weh Do 7| s, okl
ESh WAL BT AL QAR W G2
7% Bk 7k @ AL o] oA i, o] & ]
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Zchar oFedA] glet (Son et al, 2019). T3t Al- o we} Aut7
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A7) Hzell nRPRA R AR SR FFe F= Fo%% 84
o]t} (Rhee & Seo 2013).
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Fig. 2. Curves of groundwave and skywave field strength against distance

(Fig. 6.1 of Poppe 1995).
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3.3 Skywave Effect
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4. EXPERIMENTAL RESULTS AT THE
TESTBED

4.1 Experimental Set up
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Fig. 3. Geometry of Korean MF R-Mode transmitting station and the Daesan testbed (left), The topographic characteristics
of the propagation path of each MF R-Mode signal (right).

Table 1. MF R-Mode ranging results for 1-hour campaign at Daesan testbed.

Antenna type Active Passive
Time Day Night Day Night
Transmitter CJ EC PM | EC PM | C EC PM | (] EC PM
Precision (1 0, unit: m)| 6.46 5.63 1.98 30.24 9.91 1.89 | 9.16 16.65 4.35 23.54 17.20 3.85
2 i) &sta 20} thodo] AT E AT 4 Qe o 4.3 Range Measurement Analysis
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4.2 MF R-Mode Transmitters and the Testbed
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