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Abstract - The significance of PNT intormation in the fourth industrial revolution is viewed difierently in relation to the past. Autonomous
vehicles, autonomous vessels, smart grids, and national infrastructure require sustainable and reliable services in addition to their high
precision service. Satellite navigation system, which is the most representative system for providing PNT information, receive signals
from satellites outside the earth so signal reception power is low and signal structures for civilian use are open to the public. Therefore,
it Is vulnerable to intentional and unintentional interference or hacking. Satellite navigation systems, which can easily acquire high
performance of PNT information at low cost, require alternatives due to its vulnerability to the hacking. This paper proposed R-Mode
(Ranging Mode) technology that utilizes currently operated navigation and communication infrastructure in terms of Signals of
OPportunity (SoOP). For this, the Nationwide Diflerential Global Navigation Satellite System (NDGNSS), which currently gives a service
of Medium Frequency (MF) navigation signal broadcasting, was used to validate the feasibility of a backup infrastructure in domestic
maritime areas through simulation analysis.
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Fig. 1 Predicted coverage accuracy using AIS, MF DGNSS,
and eLoran R-Mode from ACCSEAS
Source : Feasibility Study of R-Mode, Johnson et al., 2014
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T2 2012dFE 20153 7k4] AAPS(AIS  Autonomous
Positioning System) A}Y< &3l AIS R-Mode A7+5
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I 20200 3 AYS i 9lvh(Dalian, 2018).
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Fig. 2 AIS R-Mode positioning errors in China
Source : Development of an AAPS, Hu et al., 2015
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Fig. 3 Maritime NDGPS site and coverage in South Korea
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U] slgEoke] R-Mode 7€ 8ol #3t el Hrle=
A 2= 3k 718k v %91 HDOP(Horizontal Dilution
of Precision)#} o] & 7|9to = g XA gw SHAA] &
At 2 (DS FEAAAGE oF 2ox HDOP#H
UERE(User Equivalent Range Error)el <& ZAAHATH

(Kaplan et al., 2006). HDOP®] #-& k442 121, UERE
7F AS4E 2o AT FRYAATREE A& F Jrk

drm S Horizontal — HDOP « o UERE ( 1 )

N Eelol ol AR = F3 u]A 7%=} Loran-C %
25§75 Table 1, 29} 2o, A Selueield &9 5
1 7)E= 2 S Aotk ABdel L A% Aa 2
_5[5

T 717 2 e e FHEARY F217] Al ]O =
g3l S8k MR JHgstdon, 3 vzle] ANsrgA e
+ 200 km, Loran-C¢] A& =27 2& =uol A Xﬂ“ﬂo] e
Aoz 7H4g3ih

rl

Table 1 The coordinates of Loran-C transmitter stations in Korea

Iég%%;g Latitude[deg] Longitudel[deg]
Pohang 36.185 129.341
Gwangju 35.34 126.541

Source : NMPNT website, NMPNT, 2018

& =l ald MY PNT A= A+

Table 2 Maritime NDGNSS stations’ coordinates in Korea

Socheong-do 37.761 124.729 69.528
Palmi—-do 37.358 126.511 83.590
Eocheong-do 36.125 125.969 85.637
Gageo—do 34.095 125.099 90.807
Mara-do 33.117 126.269 62.330
Geomun—-do 34.008 127.322 101.071
Young-do 35.063 129.071 185.750
Homi 36.078 129.567 34.301
Ulleung—do 37.518 130.799 182.138
Jumunjin 37.898 128.834 55.051
Jeojin 38.553 128.399 116.202
Source : NMPNT website, NMPNT, 2018
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Table 3 IALA requirement for a backup system for a
general navigation

Absolute Intearit
Mariti Accuracy canty
aritime " -
. Horizontal Alert Time to Integrity
region Pl limit Alarm Risk
feters (meters) | (seconds) | (/3hours)
Ocean 1000 2500 60 104
Coastal 100 250 30 10
Port 10 % 10 10
approach
Port 1 25 10 10
Inland -4
Waterways 10 25 10 10
Source : R-129, IALA, 2012
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Fig. 4 HDOP for the maritime NDGNSS sites in Korea
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Horizontal Accuracy (2drms)
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Fig. 6 Accuracy from MF R-Mode with eLoran (weak
signal environment)
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Fig. 7 Accuracy from MF R-Mode with eLoran (typical
signal environment)
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