JPNT 13(4), 467-473 (2024) Journal of Positioning,
https://doi.org/10.11003/JPNT.2024.13.4.467 ] P N T Navigation, and Timing

H FEL0F Resilient PNTE 2|8t Cigl2l= S} R-Mode E|AEH|E A|AH] 7jst

12 AF213 OFR{OI2 M7|H! s».PEHB_#”

Oh

r9£
Ho|-

Development of Korean MF R-Mode Test-bed System for Resilient PNT

in Maritime Domain

Younghoon Han'2@®, Pyo—Woong Son'*®, Jae Min Ahn?®, Kiyeol Seo'®, Tae Hyun Fang'’

!Ocean and Maritime Digital Technology Research Division, Korea Research Institute of Ship & Ocean Engineering (KRISO),
Daejeon 34103, Korea

*Department of Radio Science and Information Communication Engineering, Chungnam National University, Daejeon 34134,
Korea

*Department of Electronics Engineering, Chungbuk National University, Cheongju, Chungbuk 28644, Korea

ABSTRACT

As autonomous navigation technology advances and the importance of positional information in maritime
environments increases, it is necessary to develop alternatives to the Global Navigation Satellite System (GNSS)
in consideration of its vulnerabilities. Ranging Mode (R-Mode) technology is emerging as a GNSS backup system,
utilizing existing maritime communication infrastructure to provide position, navigation, and timing (PNT)
information through a terrestrial navigation system. This paper introduces a test-bed system developed to validate
the feasibility and performance of medium frequency (MF) R-Mode technology in the context of South Korea. The
MF R-Mode test-bed's transmitters are upgraded from four existing DGNSS systems, and positioning performance
was evaluated based on data received in a static environment from actual signal broadcasts.
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1. M2 o}512) GNSS Hkgto] WAsle] ojglge] 29& U £
sk 59 TafAb|7E BarE Qi (SBS 2024). =A|siAL <]

Global Navigation Satellite System (GNSS)-& 3{joFof| ] A5}k International Maritime Organization (IMO)oJ|A = A1¥te] oFAd
o] 9] /IR E Ll FAFHA ekt ul F2T AlA gt S 9I5| GNSS Rk ofue} PNT JEE S5 4~ e
Hojt}. 53] 225 T Algo] F&Eube A ARRdollA] $1X] o5 AN 71HEe] RjdlolE Ao Bt A& HAsIN L

AHo Fo4L8 ¢L Folx| 1 gt ¥HH GNSSo| st o= v (IMO 2017), A= F 23] 2l International Association of
T ESE oA ol wlg} GNSS -8-AFA] Position, Navigation and Marine Aids to Navigation and Lighthouse Authorities (IALA)

E

Timing (PNT) JEE X o2 A5 &= 1‘41°P nj o] g o 5| = GNSS F|¢F/d3} Resilient PNTOﬂ gt oS ¢S
LAE A =of= 1 Qlnk. 53] fRluEE AsiER A ¢ L AR FAE AFske § =8-S 71e0lal At (IALA
ol Slalel GNSS Amtaeol el et Al 9. 2012, 2023)

41 Bof SollA] %3S WSITh (Son et al. 2020). HTE T SjorEofol Al GNSS FHobdol tiulske] Resilient PNTS
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AT 712 A 71REe] A AH o] FEHbT ik A4t
o PYAI RS A4l SRS WiAlsle] W Fakd A
E 1EHoF YEso 2N X 7Hdel Alsict tE
el Ay} pAARIe R E AF) tlelo] Ha HEE 3
£5}= Enhanced Long-Range Navigation (eLoran)o] 910w
(Son et al. 2020), 2]Lo]l+= Ranging Mode (R-Mode) 7]<©0] &1

TE 3L Utk R-Modew 719 siitgAldLe} A& 285
o] A7l £4o| 755l S ARSI o 24 PNT JEE AlF
sh= 7|84l s W 2] 7|&olth (Grundhofer et al. 2021, Han
et al. 2022). 2 =2o]&] 11 9J&= R-Mode Als o g xthu}b
ol o] Automatic Identification System (AIS) T+ Very High
Frequency Data Exchange System (VDES), 18] 31 £} tjj&d 9]
Differential GNSS (DGNSS)~7} ¢t} (Bronk et al. 2021). R-Mode
L 7)0) Lt mi A1 A el el BAIQ meke} S g
Fasichs SuolA Aol Qlck wheb eLoran} 2& 4t
a} g o=y} QAL £9do] X" 27}, 181 GNSS &
ALA] ol THAIE: 4 9l Wi} A ob mhiElA] obe 7
ol & 7]& Q1= et 24351 R-Modeol] &5} 9t} Ut
gt ol A& = eLoran I Loran $-41=r0] 3304 & 5
ojm, A tE thd o & 2 JEEE AlFsh] Halixe &7t
eLoran &4l 4*01 QT mEbA] Aot AHlA 290 F
1} e o] DGNSS Q1Z2}E 3} R-ModeZ 115 3}5}10] eLoran
3} oA -g5ehd %’Pﬁ?} 34 PNT A|AE vpdd = & A
© 2 7|tjsic} (Han et al. 2019).

B =B 4] DGNSS o1 atE 8r83t Zu} R-Mode 7|4
o Sl Mg Bl S BB ANE WES B AEUES
S5 R A EHE A AR S]] Tl A eich WA vt
2ol BHA AAIGE $3F R-Mode 415 7o) sl AA5}kAL,
7Het S3F R-Mode E|AEH|E A|ARIS} 7 S1/g *l/\E“—J A
L3} )50l thsl Argeich nix]eto 2 HIAEH|E WYof|A] 423
S ZA R MY e S ks AAstaL A& BeT

&1t R-MODE 415 74

=1} R-Mode A5 % 7]& DGNSS A5 #4& &43514H
A FPAUSE Fgo] 7o ghrh. weba] International
Telecommunication Union (ITU) & (ITU 2006)3} RTCM 3%
Z (RTCM 2010)ef] thgl 2F27F @ FEIch, 3} R-Mode 415
Zof 75} 917 317 ACCSEAS Al3S E3}0] SaEg) o Ui
0] &3l Minimum Shift keying (MSK) A1 Zul4 7|& &F&
o] Continuous Wave (CW) A1 5 & Z7}51= Hloto] #|otg] ‘Zi‘:}
(Johnson & Swaszek 2014). o] 23] £u} R-Mode A5 2El&
Eq. (D3} Zo] 2T 4 Qi

MSK + b, sin(w.t + ) 1)

o17]4] MSK¥ 7]& DGNSS A5 o|n, b= CW A15.9] 37, w,
£ CW a4, 05 Ato|th CW A5 $41415 23S o]
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Fig. 1. Korean MF R-Mode signal spectrum.
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Fig. 2. Korean R-Mode test-bed system architecture.

Fig. 3. Korean R-Mode test-bed configuration.

Fig. 4. MF R-Mode transmitting system configuration.
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Table 1. MF R-Mode transmitting station signal power.

Sienal Inland Maritime

i ower

srap Chungju Socheong Palmi  Eocheong
DGNSS (MSK) 500 W 300 W 300 W 300 W

MF R-Mode (MSK+CW) 800 W 650 W 450 W 650 W

Fig. 5. Differential MF R-Mode system and monitoring system
configuration.
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Fig. 6. Example of differential MF R-Mode system GUL.

Fig. 7. Example of R-Mode monitoring system GUI.

Fig. 8. Example of R-Mode operation system GUI.
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Fig.9. MF R-Mode receiver configuration.

Fig. 10. Time synchronization error of MF R-Mode transmitting station
(Reference: Palmi).
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time (right).

Fig. 12. MF R-Mode horizontal error distribution.
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5. 88

B = BolAl GNSS §AM slgelld B4 7Hsa A4kt
PHALE F 7120 SArEA LS BET 29074 F
DGNSSE 28 %7t R-Mode 7|4 7 Ajo]] chsl] A1
oh HAEHE e B3 S AEE A A SRR AR
BT S0 A5 HUES 5E SE0R fA8)%e
o, DR S Bl 7 AR PO OF 8 ~ 30 m S22 9
X JBES BTk W A7 L3 B12 B SHA 2
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AETH GNSS AT ol 2} 5.0 Al AR 0 2 A Ale}
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