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ABSTRACT

To enhance the resilience of the national Positioning, Navigation, and Timing (PNT) infrastructure and address the
vulnerabilities of satellite navigation systems, the Republic of Korea has initiated the deployment of the Enhanced Loran
(eLoran) system, a terrestrial navigation technology led by the Ministry of Oceans and Fisheries (MOF). Currently, three
eLoran transmitting stations are operational in Pohang, Gwangju, and Socheongdo, providing service coverage across the
West Sea region. In parallel, differential reference stations (dLoran) have been installed at the ports of Incheon, Pyeongtaek,
and Daesan, providing positioning accuracy within 20 meters for vessels. This paper presents a comparative analysis of eLoran
service coverage based on both simulation-based predictions and field measurements collected from 26 locations nationwide.
The analysis evaluates the signal strength (SS) and signal-to-noise ratio (SNR) of the eLoran transmissions. Furthermore, a
regression model is developed using empirical data to improve the accuracy of coverage prediction. The results are expected
to contribute to a clearer understanding of the current eLoran service area and provide a policy basis for future expansion of
the system.
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. INTRODUCTION 02 AHTof A5t eLoran $A1H8 kW)& F53l0] LEA4l
%(150 kW), FF4A12-(25 kW)ol|A] eLoran A1 5 & 717t £%35]
$ejueht $14%0H A A8 (global navigation satellite 31 9100 T} sl S5 sojol ] PAI ol o] 7Hss}
system, GNSS) *1;% }%s}x] B3l Akslo] BhlsllElE 2 1:]- T35 QS W) gjAkstel B A 7| &=(differential Loran
7h 78 4K Qlmet 9 A} ol Seluel SR 91X & sttion) AX|slo] PRk TS LS AurSo] BAYIER
H . A]ZH(positioning, nav1gat10n, and timing, PNT) A B E o1& Hk7 30 km ¥ <] YoflA] 93 3}= (position accuracy) 20 m 0]
o2 AFste] e Ak ] AAA TS oisl ) 20161 Ule] A5& A2 4 9t (Son et al. 2020, 2022). Fig, 1&
BE Moz AdukslH A Al (enhanced long range navigation, Uz} eLoran £415 2 B4 7|25 E5hoolx|o] 3t LA ?_:]_%'E‘
eLoran) 7|&7i2Hg A2kl 2020 0] Al 7| & ke &8 LreERATE (Seo et al. 2022, NMPO 2025b).
Sil o, AldSAl D HIAEHE %98 F5l eLoran A{H| A YURF 0 2 eLoran AJH|A 8] 74 A A & oA 55}7] $I5)
o} 11 /g5l thet H5-& 351tk (NMPO 2025a). o] & 7149t of Aol B& &8sk, Algdold $EHs-E faT
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Fig. 1. Deployment and operational status of the eLoran system (Seo et al.
2022).

AAZE, 71342 52 getole] Y 53l $A7I2RE &
E5E A5 WEEA | w2 Mapzh)] (TU 2007) =9k 4S8
o328 (signal to noise Ratio, SNR) F3Fg 41510 S &t
S5 o &% 4 Ut (Rhee et al. 2021). £ =Fof| 4= eLoran A
Hl& AW 2] & of|&3517] 3l eLoran Al g0 E& o4
slo] A 29 59 ZF, HF, AP E $4l EY4IS

A7|(signal strength, SS), A1 Sth-5H], ST SHfA
o] 7HHE &3t (Rhee et al. 2021). 0|5 7|50 & A
eLoran 415 o] 8} TolH o] Hr} Bt 718w 912 mols}
7] 95l eLoran A-8-4=A17] (UrsaNav 2025)5 ]85t A= fo]
EE 7|9to & AlgEold Axtel W E 35t AlEgolA
o2 x\ot AZe] that 03} TG AL DDA 285
of BAT 13 ABeold 23HE £&5)13 M eLoran A
H|A 7H8 AW A& A Agct. 7i4A% eLoran AJH]A AH 2] 7]
&

o158 5o vek Sk ol 0|91 kit 4 1o
eLoran AHl AT} A4} PNT 33 23S 913t 7]
WREAS] B8-S TS S 9% A0IE

2. COMPARISON OF ELORAN SIMULATION
AND MEASURED DATA

2.1 Simulation and Experimental Configuration

2.1.1 Configuration of eLoran simulation

$-2]u}2} eLoran iuj} o] 2 AulA A5dE AE
glo]dE ¢1al AMIHEtaL eLoran *lgﬁﬂol £ ol &stel A
A7), A SRS, :Hxé EE A5t AlEEleld &
SAHE eloran A AHS] 2SPEE o3 A& o7l 91l
A £21719] A E(itter)E 459 1 EAT]E & (land cover
map) (MOE 2005)F ©]-gsto] FUst FaA =& JEE
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Table 1. Input parameters and values for eLoran simulation.

Input parameter Value
Pohang output power (ERP) 150 kW
Gwangju output power (ERP) 25 kW
Socheong-do output power (ERP) 8 kW
Pohang Transmitter jitter 2.11m
Gwangju Transmitter jitter 3.21m
Socheong-do Transmitter jitter 211m
Season ‘Averaged’
Noise level 95%
SNR threshold -15dB

Table 2. Experimental equipment.

Equipment Model
eLoran receiver UrsaNav UN-152

eLoran antenna E-Field/H-Field
High precision GNSS NovAtel Propak
Receiver &Antenna with TerraStar-C Pro
Laptop for data logging HP ProBook 440

225199t} (Rhee et al. 2021). LaFEAIZH(9930M), G4 Al
(9930W), 23 E=4A1=H(9930V) £ (NMPO 2025a)°] wh2 41
A7), AT EH], S8R AsdS AlEdleld S fish
4795} 912 mhebu|E|+= Table 13} 2T}

2.1.2 Field experimental set up

P AES A5 AlA] 42 Table 20 LteRH vle} ZF
o], UrsaNav A}9] UN-152 =417]9} QFEUFE o] 85}81 41, 4241
710l ALz & 7] 25l NovAtel AF¢] Flexpak 6 —,—‘_7]9]-
TerraStar-C ProZ g W HAAH|AS o] L2519 21 (NovAtel

2025), eLoran 4=417]9] YAAZ A B E 2 7)5}0] BAI519c}

Fig. 29} o] Aol WE ZHAE TAIska AlAx ADL
%3 eLoran AlH| 72 W 4181740] gk A %S Sas)
e,

2.2 Comparison of Simulation Prediction and Field
Measurement

2.2.1Signal strength comparison

AlEE ol &9} A &3] Blal B4 flsle] At 268
thAlo 2 9930M(E3)), 9930W(HF), 9930V(AAH E) A5 o] 4~
Al A Bx 17]9} Al irgHlef tigt Al g o) AaE =&5)
RIL o5 A5 Aate} Hlwalleh A= A sHE R AlE ol
& o83 A S} $41715 ©]8510] JL% o Azt
(HEAE A 3A7] el vlasto] H2johH Table 33} 2+
o} Al g o)A &R A3t A&A] A3t Bk Lm* o8 =
741 the 0.2 sot st 4g ArAel fati A s ol

0 2 9930M(EE), 9930W(EH5), 9930V (A
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Fig. 2. Equipment connection and Vehicle-mounted installation.

Table 3. Comparison of simulation results with field measurements -SS (unit: [dB (uvV/m)]).

L . Tr. Stations 9930M (Pohang) 9930W (Gwangju) 9930V (Socheong-do)
ocation Lat, Lon.  FieldSS SimulationSS FieldSS SimulationSS FieldSS _Simulation S

Baengnyeondo (Youngipo) 37.95500 124.73510 47.48 61.43 43.99 61.29 66.26 65.42
Gunsan (Eocheongdo) 36.11390 125.98590  60.81 67.46 64.44 73.01 55.84 65.65
Jeju Island (Haye Port) 33.23320 126.37580 67.18 55.45 64.92 67.61 49.4 51.41
Yeosu (Geomundo) 34.04610 127.29660  65.23 62.31 65.32 70.99 46.9 52.51
Pohang (Yeongil Bay) 36.11070 129.43530 89.08 97.81 48.14 58.84 38.31 53.44
Ulleundo (Sadong Port) 37.46430 130.87860  66.73 75.33 36.47 52.01 28.53 52.37
Goseong (Chogyeri) 38.49940 128.42670 55.35 67.74 34.66 55.74 32.14 62.61
Mallipo Port 36.79003 126.14618  55.42 67.56 - 68.42 52.4 71.57
Anmyeondo Port 36.58663 126.31823 56.42 68.44 - 69.75 51.11 70.00
Daeheon Port 36.31300 126.51774  54.09 69.39 - 71.74 47.06 67.69
Seocheon 36.12957 126.62717 54.91 70.00 - 73.37 48.19 66.18
Saemangeum 35.83550 126.48888  46.88 69.52 - 76.82 47.39 64.30
Seonunsan 35.46937 126.67478 51.78 69.81 - 82.15 43.36 61.81
Hampyeong 35.07012 126.47879 50.62 67.71 - 96.97 42.25 59.94
Mokpo (North Port) 34.80850 126.36672 53.26 66.12 - 87.25 41.22 58.37
Yeongdong (Hwanggan Rest area) 36.24880 127.85341 68.7 77.00 - 68.17 35.53 63.22
Seongju (Namseongju Rest area) 35.86816 128.31716 72.6 80.65 - 66.83 - 58.33
Haman (Uriyeong Botanical Garden) 35.32353 128.27989 68.1 76.17 - 68.26 - 56.39
Jinju (Munsan Rest area) 35.17167 128.15281 67.44 74.24 - 69.16 - 56.54
Sacheon (Sacheon Rest area) 35.07441 128.01227 65.61 72.91 - 70.20 - 56.26
Gwangyang (Seomjingang Rest area) 34.98415 127.76821 57.54 70.58 - 72.54 - 57.01
Boseong (Green tea Rest area) 34.81425 127.12570  54.85 67.95 - 80.47 41.59 57.37
JangHeung (Jeongnamjin Rest area) 34.72065 126.93083 55.21 66.96 - 82.21 41.79 57.28
Haenam (Dinosaur Museum) 34.59079 126.43185 53.87 64.84 - 82.41 44.68 57.36
Jindo (Jindo Port) 34.37614 126.13743 50.99 63.55 - 77.57 45.24 56.08
Hampyeong (Cheonji Rest area) 35.13143 126.48170  53.29 67.91 - 94.20 44.94 60.23

) Alse] 41 A soizhgHlol tigh Algdold Aol 441 o, Tables 33} 4] 1~73 0] A SA] Hlo[El& 574 AIARIS A}

715 ol-8Rt A S B Z TS Table 40 H2s3lch. Algd|old o] Qe L] TRt T AR sto] & AlEd ol =

Al 52 Aol vlsh ASA] A7t vl w4 U AL FE 8~263°] theh 2 THe ARgste] AEA Bl A2 E 43

24 91e] 4415 ol ABalold ALY Rhe 4FEHG . sk

HY o2 £ BH0lUS HoB FHYHm £ ety o]5

o] vteig Atz Holr} 3.1 Signal Strength

3. CORRECTION METHOD USING FIELD
MEASUREMENT: REGRESSION ANALYSIS

ABEol4 Aakel 42 Aute] Holo] ek 41541710k A1
Sehibgn] HLEAS 9o AR} HARAL sl

A SA71e gt Al ol4d Atet A S Aute] zbolof cigh
FBEA AAEA ASA7]Of hEE AlgEe]d oA &X|et 4
7] &A= fulgt o] A E UERSITH (R: 0.8726 /
P: 0.0000). S HEA A3}, =29 1xH4] 9] 12} Al 1.2750] 32
22} A5 -33.045 LIt} (Sum of Squares Error (SSE): 595.1
| BARAI4 07615 / £+ = AA A4 0.7538 / Root Mean Square
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Table 4. Comparison of simulation results with field measurements — SNR (unit: [dB]).

L . Tr. Stations 9930M (Pohang) 9930W (Gwangju) 9930V (Socheong-do)
ocation Lat. Lon. FieldSNR SimulationSNR Field SNR Simulation SNR Field SNR _Simulation SNR
Baengnyeondo (Youngipo) 37.95500 124.73510 8.17 3.81 4.67 3.67 26.95 7.80
Gunsan (Eocheongdo) 36.11390 125.98590 18.82 7.18 22.45 12.73 13.85 5.36
Jeju Island (Haye Port) 33.23320 126.37580 10.06 -9.25 7.67 291 -7.85 -13.29
Yeosu (Geomundo) 34.04610 127.29660 9.5 -1.22 9.59 7.46 -8.92 -11.02
Pohang (Yeongil Bay) 36.11070 129.43530 40.56 37.26 -0.38 -1.71 -10.21 -7.11
Ulleundo (Sadong Port) 37.46430 130.87860 31.26 16.73 1.00 -6.59 -2.37 -6.23
Goseong (Chogyeri) 38.49940 128.42670 32.47 10.64 11.78 -1.35 9.26 5.52
Mallipo Port 36.79003 126.14618 13.89 8.27 - 9.13 10.49 12.29
Anmyeondo Port 36.58663 126.31823 15.49 8.84 - 10.15 10.05 10.39
Daeheon Port 36.31300 126.51774 11.42 9.35 - 11.71 4.16 7.66
Seocheon 36.12957 126.62717 15.86 9.68 - 13.06 9.32 5.86
Saemangeum 35.83550 126.48888 7.96 8.77 - 16.07 7.49 3.55
Seonunsan 35.46937 126.67478 12.05 8.49 - 20.83 3.48 0.49
Hampyeong 35.07012 126.47879 11.54 5.80 - 35.07 3.28 -1.97
Mokpo (North Port) 34.80850 126.36672 8.99 3.83 - 24.96 -2.78 -3.93
Yeongdong (Hwanggan Rest area) 36.24880 127.85341 25.06 16.77 - 7.93 -6.87 2.98
Seongju (Namseongju Rest area) 35.86816 128.31716 27.02 19.81 - 5.99 - -2.51
Haman (Uriyeong Botanical Garden) 35.32353 128.27989 20.24 14.51 - 6.60 - -5.27
Jinju (Munsan Rest area) 35.17167 128.15281 25.47 12.35 - 7.28 - -5.35
Sacheon (Sacheon Rest area) 35.07441 128.01227 19.07 10.89 - 8.18 - -5.77
Gwangyang (Seomjingang Rest area) 34.98415 127.76821 10.34 8.44 - 10.40 - -5.13
Boseong (Green tea Rest area) 34.81425 127.12570 10.02 5.60 - 18.12 -3.21 -4.98
JangHeung (Jeongnamjin Rest area)  34.72065 126.93083 11.55 4.48 - 19.73 -1.29 -5.20
Haenam (Dinosaur Museum) 34.59079 126.43185 8.97 2.21 - 19.78 1.38 -5.27
Jindo (Jindo Port) 34.37614 126.13743 6.87 0.62 - 14.63 -0.67 -6.86
Hampyeong (Cheonji Rest area) 35.13143 126.48170 8.06 6.09 - 32.39 -1.46 -1.58

Error (RMSE): 4.381). 4] (D2 Al&&|o]4A oS A SA7]0A] A
Z A1SA7] 29] 5|4l YeRHTE
F(x) = 1.275x — 33.04 (1)

o 7)ol A ArHA|4=(Coefficient of Correlation, R)= & HH¢Q
2451918 T 3k Hele] wsle] weh dof theshe The
Al 1A

o] oA MelsleA g Ueh At RS -1~
of gh& 7Hn, 1ol FH9H epel AREACl 3 1] 77hS
29) JBBAES Leho] 00 7h90 ABBA} 928 9

nghch ARk o2 A4 0.7 o)del AL -0.7 olske] 7
<& ARRA7) ok sk P(P-value) 7E] = 0~10]
t}. 0of] 775 Ro| {o w3 A Y & Lo Ro] 7
ouet gl —%—% btk =31 A4 A 4(Coefficient of
Determination, R2)&= S3¥4 7]- Z&HLE 041:]—1/]- ZF A9s5)
A2 Ul A4EA SHEsel F4u4e] 4D}
42 AAA G2 7He 10 7].7;]-4}]1;]. om};q o2 AAA LT}
065 S14IR1 A% 2lulz} ATk shAfsled, 10] 771242 317
Aol 2t 2% Ao B

23 =l AA A4 (Adjusted Coefficient of Determination,
Adjusted R2)E ZHAS7} S2o] 271 Bold 42 2715
£ A S Bkt ARtk 2AA} A E ARAS T

o] apol7} Hojok sl Fl0] ARSICHE BEHS T 4 Qlek. Ut
Moz 248 AYASTE AHASe 10% ol el g Rold
ol4h& €% B e} glck. SSESH RMSE: HE3} EEo 2y
B S22 HAY olgkel Thol el A ST RO 2 ol
o] 2&4% olah ito] A3 B 2 FHH Aoz B 4

Flg 32 Al AF AzA7]el tigt A5 AsAZIE
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Fig. 3. Measured vs. simulated signal strength (SS).

Fig. 4. Residuals between measured and simulated signal strength (SS).
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Fig. 5. Measured SNR vs. simulated SNR. Fig.6. Measured SNR vs. simulated SNR.

(a) Before applying field data (b) After applying field data

Fig. 7. Corrected simulation result using field measurement: SS (Pohang).Corrected simulation result using field measurement: SS (Pohang).
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4. SIMULATION RESULTS WITH FIELD

3.2 Signal to Noise Ratio MEASUREMENT

AlseizrSulel oigh Alggoldd Aol A5 Aito] ajolo] A= 2682t e g 9930M/W/V 413.9] =41 A SA7]1%}
oo HlTEAS Slol AT} Bl RS saslolom A Alsrighglol izt AlBold & B4 ATke} UrsaNay 441
A A3 Aladizraalol digh Algdlold Aatet 4171 A 715 o183 A5 ZIE IARH DA S H &3l BT AR
Z Aat AA] Fofuleh Fo] A HAE HERAISE R: 08712/ glold ik ohed Atk Fig. 7ol A3A7] A5A 718t
P:0.0000). 34 A} EEF A o] 13} Al 10980141 SATHELDE #&oto] Al oldT At LFFAS &Y
23} A4 32618 2t} (SSE: 537.5 / AAA 2 07589 / 44 150 kWE 7|0 2 215 4]7] 60 dBuV/m o)A AFEA} S=410] 7}
A% A5 07512 / RMSE: 4.164). 4] 2)= AlEd[0]4 o5 4 S AR (FA)7F B Algeold AR SAHNS
SHiRFEHoM A S5 29 3714 ol & 21 4 Qleh ERL Fig. 8ol FFEAlS Eo] 25 kW

(effective radiated power, ERP)Y 7<% BAH A]Eg o] 2

f() =1.098x +3.261 @ Soli 60 dBuVim o)A ABAHIZIS AMsix|elat el T

Fig. 5= A1B#0l4 o2 ST Hlo] gk AZXS Lt gholld SIS 4+ Qlolotk AZXS BANS A9 A7}
W Ae Ao 7 TS Ushln 2 AML o2 Astd 248 A9E 8otk Fig 9ot AYEEAT S| 8 kW
Sl A% AsTaienlze] HAAS Uepath Sl (ERP)Y Ao A53] 8 A Euolds] A% 60 dBuv/
NFOE FF T EZ A4 Aolo] TLHE 05% SHBR HH|  m oAk ATAYE ZA SEEE ASRE A7 S4lo]
2T 4 Qe Trolch, 2o n AARHL Bo) £2E 7 AFssldo ASAE 48519 S AL AHE AL A
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(a) Before applying field data

Fig. 8. Corrected simulation result using field measurement: SS (Gwangju).

(a) Before applying field data

(b) After applying field data

(b) After applying field data

Fig.9. Corrected simulation result using field measurement: SS (Socheong island).

(a) Before applying field data

Fig. 10. Corrected simulation result using field measurement: SNR (Pohang).
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(b) After applying field data

5. CONCLUSIONS

& =2olAE ¢

S-2ut2} eLoran AH]| A FwE] x| T

o
o,
X



(a) Before applying field data

Kiyeol Seo et al, Improved eLoran Service Coverage Prediction 191

(b) After applying field data

Fig. 11. Corrected simulation result using field measurement: SNR (Gwangju).

(a) Before applying field data

(b) After applying field data

Fig. 12. Corrected simulation result using field measurement: SNR (Socheong Island).

(a) Before applying field data

(b) After applying field data

Fig. 13. Corrected simulation result using field measurement: Position accuracy.
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