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ABSTRACT

Global Navigation Satellite Systems (GNSS) are vulnerable to radio interference, which creates challenges in determining

vessel positions at sea. In response, by extending the functionality of the VHF Data Exchange System (VDES) for maritime

navigation support, the VDES Ranging Mode (VDES R-Mode) has been proposed. A testbed was established around Daesan

Port, and both static and dynamic trials were conducted to assess its feasibility. Initial correction was applied to mitigate bias

errors. The results show that positioning errors varied with line-of-sight conditions, transmitter-receiver distance, signal-

to-noise ratio (SNR), and horizontal dilution of precision (HDOP). The positioning performance remained stable without

persistent bias errors. Excluding geographical constraints specific to the west coast of Korea, the results demonstrate the

potential of VDES R-Mode as a maritime auxiliary navigation technology.
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1. M2

VHF Data Exchange System (VDES)& &ljF E41& ¢
o 2AT) TAY HlolE £4 A|AB R 7]E Automatic
Identification System (AIS)Q] SHAIS :’-5‘——]-_1_ sfAtoll A Bk
whe 3 QHAgh HlolE EA1S 7Ps sl sHe 714olth VDES
= VHF Data Exchange Application Specific Message (VDE-
ASM), VDE Terrestrial (VDE-TER), VDE Satellite (VDE-SAT)<}
7o B8 3 2 7}tk VDES Ranging Mode (VDES R-Mode)
= VDESZ9] 7|5 5}e] Global Navigation Satellite System
(GNSS, SHIFHAIAED Glols Alste] 91X 8 24T 4 9%
2 3}= Bz 3P 7]&o|t} (IALA 2020, 2024). VDE-TER®] 7]
Hl5}H= VDES R-Mode= GNSS2| Zof] Alstofa] Aulo] 9]
2 2235} & 9) 24} 7|ul g A AElo|tl. VDE-SAT] 7]
H5l= VDES R-Mode+ &4} 7|8t VDES R-Mode 7|&S 9

Received Aug 22, 2025 Revised Sep 04, 2025 Accepted Oct 24, 2025

A B4 7IROR S Holck R-Modet ATH 02 A2

2 5 i
]oo

=
()
Ak F17HA 0] e Eap]ge 2 Po
Navigation, and Timing (PNT)E 5T 4 = A|2HS
EL A Mocq _r]H z{Jq.sLm,q/\EﬂJ‘]. EEI] oz :,L__%Tg]oq 0_11
e e 4 Qlohs Mol AT W 7] j& *u
A a1 T} (Bronk et al. 2021, Fang et al. 2022, H.
Johnson et al. 2024, Pettersen et al. 2025).
&3 9] R-Mode Baltic ZZ A E = 4El5|(Baltic Sea)o]|
VDES R-Mode AL F&al1 AFL 4351t} o] v}
o2 VDES R-Mode®] A1# 7H54 & AAaet Teiut
VDES #HH| & 0]85}A] 931 Software Defined Radio (SDR) %+
22 441 X159 AR E](postprocessing) & E3) HwpA|7t
Z)9(Time of Arrival, TOA)S F235}%3t}. Wirsing et al. (2021)
Ax|skaL Alggste] 2
Q2171 22 m EA]

S Y59 28 g 4of VDES R-ModeE
g A AlE A3 95% 852
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o] 7}55HS HolFgltt 2&|ue} Korea Research Institute of
Ships and Ocean Engineering (KRISO)2] x| Ak} E35F SHHA|A
El(R-Mode) 7|&7et Z2AE (Fang et al. 2022)= VDE-TER
7|8k VDES R-Mode HIAEH|EE Al gHoll 15513 5
Al&l519it). u]=-& VDES R-ModeE VDESe] 7]3]41 & (Signal
of Opportunity) & HlQto 2 118{slo] HAEHEE LAISTL
@1t} (Johnson et al. 2024). {35+ (European Space Agency,
ESA) Navigation Innovation and Support Program (NAVISP)-&
VDE-SAT®] TOAS Zg3to] T $41 914 4152 A2l 27
2 A &E5ta AIE A|A]SFITE Pettersen et al. (2025)& Tl
3 A AT o 2 e 2 oA TS B
BA5193c} 28 VDE-SAT 7|8t VDES R-Mode7}
= 9ITHHY] PNT R AR A &8 7HeAdS BSloh
KRISO®] VDES R-Mode EH|AEH|EE Aalo] thAre =
Ao 7 37)9] £A1LE L& tH(Fang et al. 2022, Han et al.
2024). T3+ VDES R-Mode®] 29] A% g10lS 0]5) m2 e}
VDES R-Mode 4=417] (Ryu et al. 2021)E &8sl 29 A%
A £h318th 59 J5 A2 A7 A4l 2= =
B2 AR el A o] Fole Aduto]] B2bE & o]F Ao =
Y=ok & =ZollAl= VDES R-Mode®] A& 91gh Al &
A A1 ATE A $41F 15 W82 2 EF(Fang
et al. 2022)& 2Fz3F 2 it
VDES R-Mode= 25} t ] 9] 157.2375 / 161.8375 MHz & A}
S5t 2T AnkdY AR Aol Akt e 4l Aol 2ol
U A} e Q1R FEE FOR QI8 415 bl WelE
2 4 glomz M4 St Fasich $elutel sl VDES
R-Mode®] $A145 A/513 Hnkg $413 4 Qi 2L 4
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Fig. 1. VDES R-Mode transmitting stations and sea trial area shown on the
map.

Fig. 2. Prototype VDES R-Mode transmitter.

o] g4} ARE EIITE 3 RE $41%0] Qe ol of

[¢)
40 molek. SrelLte} RV 2 P2 Aol o] Azl of 12~17

I
Aol A= AL #4171 Abole] ARl oF 2.1 kmo|oh. FA4l=
25 3 ST AR FE 540-116 Aol A AT 417
Afole] Al oF 2 kmolth. A= 32 S H
2] 1027011 4:417] Afe]e] A= 31 kmelch 4151, 2, 18
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%4171 TALA (2020, 2024) QM-S 55160 2 44
& Fuk4s 157.2375 MHz9} 161.8375 MHz, thHeZ 100 kHz, ¥
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Fig. 3. Appearance of the test vessel Hanuriho, a harbor patrol ship.

Fig. 4. Ship-mounted VDES R-Mode receiver and reception server.

 $A1F] 917, ST WEQDE AR 4 ok
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N71% AZFEAEE 915 9% 22 10 Mhze} 1 ppsE A1 TS
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Fig. 5. Allocation of VDES R-Mode transmitter and receiver for static test.

3. VDES R—MODE =49 A& &1}

VDES R-Mode A Al th4ke) HAEH| B4 FE |}
FOo 2 oF 45 km HolZl A4LHFRAOA £35S AL 4~
A e AS FAlol Aozt GLER Fig. 59F Zro] WxA|9] 5
o] Ax]5}93th. VDES R-Mode £-417]%= A1 7|2 HE| oF 2~3
km o|ff Qo] A=t F4l7]1et #4171 R = Y=
o] 9l o B 2 Horizontal Dilution of Precision (HDOP) (Son et
al. 2019)= 1752 g =lo] Uebgttt. 37§2] $417]0] thsle] ok
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S AT EE ARSI o $A1S 13) 32 oF 25 dBE
Hon] $412 32 oF 27 dBE 7HHTh H 7 E9= A4}
 (terrestrial navigation) & 2 § =% Newton-Raphson 7%t
HEE A Al AK(terative snap-shot) HFH-S 2519t} (Groves
2013, Fang et al. 2020).
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Fig. 6. Frequency number of Horizontal Position Error (HPE) and
Cumulative Distribution Function (CDF) of HPE.
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Fig. 7. HDOP with 3 transmitters at Daesan port testbed. Transmitter 1
(red circle) is Nanji-do station. Transmitter 2 (red square) is Humang station.
Transmitter 3 (red pentagon) is Bu-do station.
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Fig. 8. Trajectories of test vessel estimated by VDES R-Mode and GNSS.

Fig. 9. HPE variations (left) and HPE distribution from sea trial at June 9,
2023.

Fig. 10. SNR, range and range measurement error for Nanjido transmitter:
(a) SNR to range, (b) Range measurement error to range, (c) Range
measurement error to SNR.

Fig. 8-& 2023 64 9 of A3 At A|& 2] VDES R-Mode
=9 43k vehdoh. 4] Z3k= VDES R-Modeof] 2|3k #H14
FE A= GNSSOﬂ o2t HA G2 A4 o= Haste] Ut
PRI} 01 Alol] 441719k $41% Afole] el cigt X
22 Sfato] 37je) ﬂ%% (A& Ao 2 I ele] et
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Fig. 11. SNR, range and range measurement error for Humangsan
transmitter: (@) SNR to range, (b) Range measurement error to range, (c)
Range measurement error to SNR.

Fig. 12. SNR, range and range measurement error for Budo transmitter:
(a) SNR to range, (b) Range measurement error to range, (c) Range
measurement error to SNR.
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