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eLoran 7]& GNSS A 26l BestAY dAE = Sle AR 3 Azdlosx 2 91X Ad43
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agen dde A% N AE @4 7H0l A ¥t # =&elds USRP N210 71%e] SDR
(Software Defined Radlo)g 0] 4314 eLoran ATE MAT 4 Y= 44 AEYOHE TG FHI A
2812 100 kHz WH3HE 7|Ho2 8% eloran B2 AA8HH Master 3 Secondary 44129 Al7k 2|4,
GRI(Group Repetition Interval), 2-GRI /429 2 GPSDO 7|9t PPS 57|8}E AUttt USRP N210< ©]&
ko] AA] RF A2 YA, o AZE &9 eLoran FA7]90A FAlste] T3} d5& EAs5iT

Abstract

elLoran is a terrestrial radionavigation system that can complement or replace existing GNSS, providing high
positional repeatability and resilience against external radio interferences and disruption. However, actual eLoran
transmitters are operated only in some countries, and it is difficult to establish a test signal environment. In this
paper, we implemented a transmitter simulator capable of generating eLoran signals using USRP N210-based SDR.
The implemented system generates standard eLoran pulse groups based on a 100 kHz carrier frequency and supports
eLoran signal characteristics, including Emission Delays of Master and Secondary stations, Group Repetition Intervals,
2-GRI phase coding, and GPSDO-based PPS synchronization. Actual RF signals were generated using the USRP

N210, and the operation and performance were verified by receiving these signals with a commercial eLoran receiver.
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A ARs]ell 4 GNSS(Global Navigation Satellite
System)= A AR I A 4E7I8E 93 A4 A=
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T(GLA) 52 GNSSE EHAe 4 9l A9} PNT
(Positioning, ~ Navigation and Timing) AH|AZ
eLoran(Enhanced Long Range Navigation)< A|2Fs}%
TH1]-[4]. eLoran< Loran-C%| 343 /\]/\T’“ o2 1
o8] HELDC)H HA 7%5& T Loran-C
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(Additional Secondary Factor), UTC(Universal Time
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# < SDR(Software Defined Radio) 7]&9] o
13l RF(Radio Frequency) st=¢ofe] 4 H&
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(Pulse Group)=
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Secondary $-A41=S 8719 BAE ARESIT), Ha g
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7HA ] % 671 BAE WEste] Holy FAIg. 7. Envelope-to-Cycle Difference (ECD) in ps.
AA 9930(3+=) Aol A2l LDC Holg F4le] A P, € {0,7} : phase-code paramter in radians
9 W) 2 V(23 E)7} Eurofix®} 9-th pulse

A& FAl 283} '/‘\"‘10}31 ALSH, Master(M, TF duz o= 78 13} 2o] oF g5us SOk A
Z3hH9] Ao % eLoran AHI2E A8t Q)T sote] Hojgholl 2 Fof 7 g,
2 Ao 4 HY Y= Eurofix 2 9th Pulse H
O] E1‘4 Eﬂi}—% E@-/\] ?] X] 10%-1 7] E‘_X‘] O] eLOfan Rapid increase at the leading edge eloE P
H AF3 2-GRI A= A3 YAS Zgg \ T e 100 betveen s
A BAAE AASTA BT DA, Master 2 T
Secondary A= 2o APES A A= o
So) % 13} o] ks UERd 4 9l /
Standard Zero Cro;;;ng point
F 1. Master ¥ secondary S41=2] HA Q|| at 30us
Table 1. Pulse position of master and secondary stations o _
l 2 iminati
Station Pulse number Time offset [ms] e e e M -
e — 1 T T
P9 9 ey .
Secondary P1 - P8 0-7 —= won e

38 1. eloran 232 HA HE|
Fig. 1. Pulse shape of the eLoran signal

Masterd] PFA 2 OHAl H2~= MasterS $9+H0
A5l= 852 AREE F AT, dHkARQl 4

71 s 9% ZY(Phase coding)S  ©]-&-3}
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B A A3 38 oF 250350 ps 17t
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i(t) {A - (t—7)%xp —2(t=7) T)}sin(wactJrPO), e, ol= o ELL o
65 B AT A= RTCM % SAE9990 &&of <]
T<t=<7+350 (1) ¥ g% 9AIcE ALsg 9abbdae g ol
where, Tge) R3E AN B eR FAseH,
A: Normalized Amplitude o] AR FAZI FLS A EAFS ZdT

1
f.. Carrier Center Frequency(2wft=0.2m¢, where 2 39t

t is in ps)
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2% 29 2k

To Antenna Port
= [ (Loran Signal)

PPSIN
REF IN

‘Gb Ethemet

PC—=—

Switching Hub —=—

KVM Monitor —s=—

(a) 341 AlZelolgf =
(a) Structure of the transmission simulator

(b) 7sist &4 AlE2{0|E ALA
(b) Photograph of the implemented transmission simulator
a8l 2. st S4 A[Z20lH el = Y AL
(MATLAB)
Fig. 2. Structure and photograph of the implemented
transmission simulator(MATLAB)
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USRP N210°.2 <3}, LFTX Daughter boardS
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*  Host PC
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eLoran AQellA 7} Secondary A+ Master
Sal=ol] tial] -3 Emission DelayS 7HITH12].
FA1719] 914 A4k 9 SDR A5 A7) A A

£8 DY AEE Tl 4 -4k 22 Adg
P4 4L g2,

TOA, =t +7

1 transmit,i prop,i (2)

d;
= PF,+ S8F,+ ASF,, PF, = i

G)

prop i

TD, = TOA,— TOA,,= (ED, +7

pmp?) Tprop.M 4
o 71A,

eransmit.i - sala 9 2 Az

st BT oA A7 ] AT AR AZE
Toropas: Master SATA FA71712] 8] A9 21 A

Al 7F

d;: &= 9}
¢=299,792,458 m/s : A&
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PF,SF,ASF: 13 A5t 2 Q91 23 A AA
8%, 7 22 Ak Ad gl
ED,: Master 41 A& 7|2
A= o WE Ad AL

217) Abele] tial Al
1] B4

o2 3 Secondary

dE £ 930 AU B theo & 29 22
ED ko] ALg5th
¥ 2 347 2 ED
Table 2. Stations and ED
Station ED (us) Remark
W 11946.97 Gwangju
X 25565.52 Gesashi (Shutdown)
Y 40085.64 Nijima (Shutdown)
Z 54162.44 Ussuriisk (Unstable)
V 81352 Socheongdo
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AFH eloran AT TAY7]= MATLAB R2026a
7oA FHEJCOH, SDR =S OIERE Ettus
ResearchAte] USRP N210& AH&3}STh
LFTX DaughterboardE ©|-&3t A3} fﬂ «]
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Zo TelEE % 33 2.

2 > > r{r



Journal of KIIT. Vol. 24, No. 10, pp. 187-200, Oct. 31, 2026. pISSN 1598-8619, elSSN 2093-7571 193

E 3 SAM7|9 Fo MEY ZE o] "UrsaNav ELEGANT"ol| Al 2Hl5}9] T 13].

Table 3. Main setting values of the transmitter 2+ B0l A w7k EXFO 78 49} 7o)

ltem Description ]i;q 9] Loran _ﬁrzﬂ 3} v’\}owﬂ 0401 ﬁq o] DN

1) o ]

Master clock rate 100 MHz o, (Hede 7 H—]E}: MATLAB % LabVIEW

Sample rate 10 MHz oA A" 933 SDR =8 ANEE Hlwd A

Carrier frequency 100 kHz g e FEEHA ¢kon, GRI AANAE

SyChronizaﬂon GPSDO 1 PPS ‘i Agilent Technologies WED SEP 30 13:39.04 2026

Waveform type elLoran Pulse Group L | : ' s O Wy vy b D] e
B d=(9930 AQl), F(7430
8390 AHghHel Al ANE & 747+ Master 2

Secondary &A= A ASE AT  YES

3FSAT.

(|
Measure Current Mean
Freq(1 ): 100kHz 1
Pk-Pk(1 }: 330mV

242 ARt B8 A

o|\

Freqi1): 100kHz Pk-Pk{1 ) 330mV

+3 Source Select Measure Settings Clear Meas Statistics
1 Freq Freq ~ ~ ~

a9 32 AAE eloran BT A9 Y utg
< Jehig, J8 4 SDR £3 Moo tfet 2223 = iy
Fig. 4. Oscilloscope waveform for SDR output signal

243 F05 B4 B4

=
FFT(Fast Fourier Transform)% St 19 5=
A A 5] Fug ~2HEGS UERATH
‘[E'HH Ht HitHH f HitHH
“me e Pttt
- WO
21 3 MMl elomn BAZ| AlZlele! Tkl k Il ! W il |
(LabVIEW) e

Composite Output (2 x maxGRI=148.6 ms) f5=10.000 MHz

Fig. 3. Time-domain waveform of the generated elLoran
pulse group(LabVIEW)

AE A Master 479 A% 9719 Hxvh

A3t ARt HEoE AN OH, Secondary ¥

A= B2F 40 wet 8o 22z S |

odzamme g0 wEAYE = A L
eLoran °417](UrsaNav UN-152B)] RF&H] 41

= a7 5 MME NBo| FFT Fuj4 asleg
& dAdsto sy, 1 Ade A8 e & Fig. 5. FFT frequency spectrum of the generated signal
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=4 A% FA FIAF 100kHZE 7|Eo®
cLoran "2 B4 wE thdZo] FAHUoH,
HAGAR] 237E]o] 2 A E(Spurious  component)-
FEEA okt =3 GPSDO 7| EE55 ARES
S ZH AARE FA Ade FA Fua AAp
AotAl des glatiinh ol AlME Al2H ol
A7 eLoran 4 ES EARS|o S8 T3
T MRAEe FHE e YRRt

2.4.4 Emission Delay A%

eLoran A|Q1oIA ZF Secondary FAI=S 312
EDE 7Hith & AFolA = A8 golHe] A%
s sty sk, 9930 ARl $Al= HR
£ A 8ot 3y AAsATH

I 4 HEE time delay(dT2)
Table 4. Applied time delay(Laboratory)

S eloran receiver Erfor (5}
Station | TX TD (us) RX TD (1) =TX 1D
at laboratory : - RX TD
12377.9996
W 123779680 |= 364938119 -0.0316
- 241158123
42840.0002
Y+ 42840.1879 | = 669558125 0.1877
- 241158123
57325.0002
Z 573249397 |= 81440.8125 -0.0605
- 241158123
5 M= time delay(ChAHeh
Table 5. Applied time delay(Daesan port)
SDR TX TD L . Error (ps)
Stfion | (o) at | ° g;ar}[;efe'v)er = TX TD
Daesan port i - RX TD
11753.7890
W 11753.8211 | = 54263.7922 0.0321
- 42510.0032
80997.1808
= 99300
Vv 80997.1917 + 24007 184 0.0109
- 42510.0032

3 RF 9¥& AHZ2IX Y FJ§ FA7]
(UrsaNav UN-152B)2 SAS AHFH Hs FAE
24946} Zlolth, ED/TD AA 2= A dv] =

oA At 0.1877 psolsh(E 4, ¥ 5 FX)HC

5

”1, ?_%er T AUEE FAFIT 100kHz +
0.001Hz °©]3HGPSDO 10MHz 57|%-&), "2 714
A _‘,:_% 1 ms B2 74 W A|E|(Jitter) 10ns©]U,
A 79 AT 2-GRI (ABRE) Y4 9kd @
2} 0° (100% ¥ AEHE AUk
a9 62 7HEe] A7l FA(SIE 35.23307000°,
745 129.12540000°9] 974 HAE A&l w
TD# 914 A#ghs 22 YehdTh Station®]
E(*) FEAE ARG At o] gE FA=ES
13tk eLoran AlE HAY7]oA EA L] 417
AA el g TDEE Ate] 984, RTCM
SC-127 &% 419 F4 299,792,458 mis, AT+ &
HoA e 719 FHE 1.000338 59 FHEE
A8k on, Factor)/SF(Secondary
Factor) X242 Brunavs Coefficients= 3l <(sea-water)
e AHE3¥ 3 ASF(Additional Secondary Factor)
RAGL shA] gttt

A3 A% 4 $A= ¥ A9 TD el ©
gt BEgt ARE Ao E AFEHUASH, LabVIEW
oA Akd A7 A SDR &9 Z37F IAF
< WEE SDR IS AEaly] gl e
eLoran —’F’\W](UrsaNaV UN-152B)ol| Al =48t 1

i

o
o

PF(Primary

6"]’ TC_)_‘ E 'E‘.}\/\]:]-
agd] Yehd FA7] 9129 Avg B9l Real
Errore N7HS] 4l 914 AE (2,y,) F 49 B

“ "’]7(](%1/), /éxﬂ X] OZ:]I 7]“—': ‘?’]i] (It'l”ufi’ ytr'ue)
of tisted thg9] AR 47 HHE & itk

N

| - 1
Average Position: x= WE%‘» y= TV,;yi %)

i=1

Position Precision/Repeatability Error(Avg Err):
eprecisz'on,i = \/(‘Tz - 5)2 + (%‘5)2 (6)
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Fig. 6. Receiving result when transmitting with phase coding applied to two consecutive GRIs. (Laboratory)
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Fig. 7. Receiving result when transmitting with phase coding applied to two consecutive GRIs. (Daesan port)
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