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ABSTRACT

In order to mitigate the vulnerability of the satellite navigation system against radio frequency interference, South Korea has

been developing advanced terrestrial navigation system (eLoran) technology since 2016. The eLoran system synchronizes the

transmission time of the pulse used in the existing Loran-C system with UTC and transmits correction information that can

improve the position error. The eLoran system is known to reduce the position error of about 460 m of the existing Loran-C

system to 20 m, and for this, the transmitter must be able to transmit eLoran signals according to more stringent standards.

For this reason, an international standard that further developed the Loran-C signal standard established by US Coast Guard

was established by Society of Automotive Engineers (SAE) International. In this paper, based on the analysis of the SAE9990

document, the international standard for eLoran transmission signals, a standard inspection process was produced to check

whether the eLoran transmitter is transmitting signals in accordance with the standard.
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1. INTRODUCTION
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(Son et al. 2018)

Loran-C A|AEIS A

[> o

ol [

2

olr

-0l

b

L 19

1

O

oZ: =
ofr
|
R
5
o,
=

to

)

i o

2

ol

o
32 ofm .

l-'O
i

0!
rol

o8t jo 2> o mo

O

7N olAbe] Salo] A AlZF &A1

i o
whet ARl AEE $E5H, AR AR THE F 413
Azl Tk EAAIZE o] S ol g 24 PO 9N A
AR o714 A AZF A deld A1EE THE BA 52

she $Al=(GER) Ao FAREAIUTCO) F713} =L, v

A SARE2 74 FFA Y =5 AT B2 E TEL
2 A 5718} Hoilet (USCG 1994). 213y Loran-C A5 &=
100 kHz k-5 Aoz A4dwt 41 2.0]7] wie] vt 2.9

Received Mar 12, 2021 Revised Mar 24, 2021 Accepted Mar 25, 2021
fCorresponding Author

E-mail: thfang@kriso.re.kr

Tel: +82-42-866-3625 Fax: +82-42-866-3609

Pyo-Woong Son https://orcid.org/0000-0002-6834-9247

Kiyeol Seo https://orcid.org/0000-0002-1462-6720

Tae Hyun Fang https://orcid.org/0000-0001-7680-9875

Copyright © The Institute of Positioning, Navigation, and Timing

S EHF A2 *Ol 4% o}xl ‘”741 o] AHgAF] 91 °7\P
7} AA 4= )t} Loran-C A|AEIL oF 460 me] 9] @ 2}= L}
Elll= Ao 2 & @it} (Goo et al. 2007, Park & Son 2019).
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2| FE (SAE9990)o] gt BA18 vlEto 2 eloran $417]7}
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2. ELORAN SIGNAL OVERVIEW

2.1 The Equation of eLoran Pulse

eLoran A= 100 kHz Fub tod 9] viul s HEA|F] 3
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Fig. 1. eloran pulse visualization.
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Fig. 2. eloran pulse transmission process.

|2 HtESA] $EFETE HE 2L 4 (D (2) 2] 65 us 9]
A A-RANME 7]—-4271] Ak FHEjolH, o] o= st
= WAl0Z 500 us A Z7HA] £ 45 o|stRE Wolx{of gt
eLoran A kS Fig 13} 7t}

i(t)=0; fort<r )

i(f)= A(t-7)° exp(’z(é; ’)Jsin (027t + PC); for <t<65+7 (2)

A7)A A i) H3 grell gt 43} A4 (normalization
constant), ¢+ us @]9 Al7F & us @92l Envelope-to-
Cycle Difference (ECD)e|t}. pC+ phase-codeo]m] A $4te]

7dgollE 00]aL, F91de] Zfoll= zolth
2.2 eLoran Pulse Group Transmission

eLoran A|ABIO| A= 2|4 37} 0]/4+e] eLoran $417]7} 5hLt
ol AFS °1E°1 4155 £&517] diiol, ArlA J ellA
5 W $41719) As7 HAE A HAsH] Y8l ZF $417]
of Falixl ety &£FS TFeict. Fig. 29} o] 7] $417]7}
w2} AslR A|7F &4J0] whet 51 Hofl 87)¢] eLoran BAE 4
E3}. o] F AT RS S5l A S AR A
o|™, U4mz] 67§9] eLoran A& ?J&‘@EE A5 35, 24,
agla dlolg Mz ol Ant FeHct 2715 0 2 glo|g ™
+Z S8l oA BAE FU18to] $E5H A& Atk (Lo et
al. 2007).

OF WA A A g $Esles $4AVE 7R 74 &
Al 7)o &= 415 4% A)ZHE Emission Delay (ED)2txl o]—

[e]
=
o, AA 159 AT £Fo] HHE L= £7]E Group Repetition
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Table 1. eLoran pulse group phase codes.

Station/ GroupA Group B
Puse |1 2 3 4 5 6 7 8|1 2 3 4 5 6 7 8
1 + o+ + -+ - - -] - + o+ - 4+ -
2 + + -+ o+ - -+ - -+ o+ -+
3 + o+ o+ - + -+ + - - -+ 4
4 + - -+ o+ o+ - - + + + -+ -
5 + o+ - - + o+ - -+ - -+ o+ o+ -
6 + - - -+ o+ o+ -+ o+ -+ - +

Interval (GRI) EJ—I_V sttt (Lo et al. 2009). ED2} GRI= 15 U]
BE $41719 4571 AMBIA o WollA FAHA $AIER] =
2 FHE A2 7HA S medsio] QA Eofof it

pal

2.3 Pulse Group Phase Coding

gAY Qole] el 2t SAIFAA ] A5 TR 4
NEE Z47+e] eLoran A9 QIS HREl0] ASE $E5
11 o]Z phase codinge]|=2}al gt} (Swaszek et al. 2008). Phase
coding®] &IE Fh3} 517] {5l ¢S4V A5E 2709
GRI E¢F A2 t}2 ol © 2 phase codingS 4351=d), o|&
7z} phase code®] Group A<} Group BE &3} 7%,]-14 o
2, eLoran $A17|+= 2719] GRIE F7|2 72 989 Al 5
50}74] El=d| o] ©&¢]E Phase-code Interval (PCI)2}12
Loran-C AJAEIS 93t Al 7 (USCG 1994)of A= 51'-4-
FZoF JHS3}e] Z 2719 phase codeTHe: AMESIIATE 514
Tt eLoran A|AEIo]| A= Table 19} Zro] )| 67]2] phase code
£ 483 4 9lc.

E
S

rsﬂ mlm
_v;

3. ELORAN SIGNAL INSPECTION
PREPARATION

3.1 eLoran Transmitter Interface Check

eLoran 4159 37 F7< AsiAE ¥A eLoran $4]
o QIejdlo] A0 tigt Aol PR3ttt Fig. 394 & ¢ A%
o] eLoran 415 AJA] Az} phase codeE AYAlsta AEsh=
eLoran A1 SAYAI 7] (Exciter), Low Voltage Differential Signal
AEolAE Bl 4418 HHE 52 BES Aolel
£ BEE $%7], eLoran Qe U] $&57] Aol AIFAQ F'8
7} 4162 AASHE tiel S5 Uelel &9 i SR FEY
DA A 9] el E 2 lElHo] A (Rack interface)
3 2|FH 02 $417] 44 AoE gt $417] Aol /4R
(Transmitter control unit)o]] A=-sict,

A=

3.2 Safety Environment Check

eLoran %41719] Qlefso] s Mg mHl 3, A
9 74 Aol Qb Qht T S B %
oF k. $417] Age] A Aeel ] BE
o] T AH 02 F AR ST 3, AL WA
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Fig. 3. eloran transmitter interface diagram.
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Fig. 4. Equipment construction for eLoran signal inspection.

FAH 0.2 Ak AES (nterlock) AlATIS] A4 952
shelsteh, $417] A AR AT S AT 4 A
A @A) 219 B WS B3k, FE) BEAR, o} (Aro)
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3.3 Equipment Settings

eLoran 415 774 AL PolAE 2 FHE A 4 9
+ ZAPEHIE ohS Fig. 49k Zro] Adsfiok gkt DAR-6000T
(DARBS A}), EL-100D (KRISS), HROG-10 (SpectraDynamics A})
2 AT AARE o 3l BFRETATY (KRISSZH
E| UTC (KRIS) 7|&A1ZP B E A gHtol A/d % GRIABA 71&
AlZF (SOP)a} QFef|u+e] th#] & (Ground return) Z| oA &
Y&l eLoran HA0] 5 AIZME H]ad 4> Qlt}. E3F eLoran
i Hiof BRE AL IF AEol TR 44 HALE oA
AETH AlAEo|A 3k 4= lTh SAE99900 4] A oloh= &
& JFAE = 10717 FEo|11, o] & “Zero-crossing Times and

Tolerances Within a Pulse” &+-&-o]] tiaiA&= AAL 7153 A4 7}

4. ELORAN SIGNAL STANDARD

£ Aol A= SAE9990 &A]oll A4 A e]Heloran 415 2]
oigh 7 5ol sl detch BE 418 172 eLoran 415.9]
ECD7} 4+ ®9] (-2.5 ps ~ 2.5 us) Woll 9137, A $14+<] phase-
codeql 415 (PC =05 AL E oln] 1= F¢Ho] 4155 w3
St AIE 7|9te 2 it

4.1 Half-Cycle Peak Amplitudes and Ensemble Tolerance

eLoran A= 100 kHz Fub4-0] RES0} 2155 o] &) A4/d
5}7] ol 10 ps 7182 22 23t} 45k b=, 24
& B5F 9kE7] Zdigrelata ekt A ()& F3) GRIQ| A
Hal oA 28 870 vERr] 2oighe A 415.9] Zohgke]
sl skl o) & o2 Holsict. S5 eLoran AL
W] 3 574 4lse] gt disl 48t g 3k Sy
olg}al sh, Al (3)xk 2ol I,-Sy] AP Al (root mean
square) Ztoll thsl] HAFgICE
3 1/2
Z([N - SN)2
N=1

8

<0.01 (3)

4.2 Half-Cycle Peak Amplitudes and Individual Tolerance

4ol ok e Al 0 2 GRIS) 3 i) BAclA 1 & 137
ukz7] Heigel ol 2z g o2 Al @k (F B
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Table 2. Zero crossing times and tolerances.

Zero crossing (us) Time (us) Tolerance (ps)

5 -25 +1000
10 -20 +100
15 -15 +75
20 -10 +30
25 -5 +20
30 0 Time reference
35 5 +20
40 10 +30
45 15 +50
50 20 +50
55 25 +50
60 30 +50

) h13kc, 9] 27 2ol FASHE gL 441717} eLoran
Al E Al¥st=d| Qloja] 7F £ Q% ECD, Standard Zero
Crossing (SZC) o) ¥FE 1 1% [Rlofl gt 4 HAtell
Sfeleh. A} ol A AR RE HAa 3719 2ot
7= 65 ps XA 7R of Tt Ao 2 “pulse leading edgee]| ot
AAPR T8 B8V & gtk

I, -S,|<0.03 1<N<8 (4)
1, -8,]<0.10 9<N<I3 (5)

4.3 Pulse Trailing Edge
GRI®] A Wi7f A1 5.0] vh7] Hehgts 12 #2435t 2 o, 4]

2] A& A2} 71% 500 s o] F2] BE glo] 0,001 o]5}7}

ofok g} o] 352 3k ¥ A4E eLoran WA} ko] A

£A 9TE A QRS 5231 U SIS BB
o A (O3 e,

i(£)<0.0014;  for t>500us (6)

4.4 Zero Crossing Times and Tolerances within a Pulse

2R A5 444078 el 245 Sla) szC 2
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A=) wj o]
30 ps (AL SZC

qd @Apgel 4]

R
3
X
o
o
o
N
o
<>
b
R
fol
i
ox
O_>L 0l
ol
FIF
Io L
bt m[o

03”: X
O_u r
o

5 ps oheh Y-S AR HaL Als
2} 11 sic} Table 23} Zro] SZC % ]—i—
Z} (Zero Crossing Times)2 % 2|5}, 12+ o] 2.2} 54
915 BESIA] elsof gk, TR = Ao
7} 933 XA oA 712 AlZF o] 51892} ¥ $]7} +100 ns ©]
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4.5 Spectrum

eLoran A3 A o1z 2] 99%7} 90 kHzol| 4] 110 kHz 3=
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T} atolo] £3LE|ojof ek T2f B ITU-R M.589-30]
H eLoran 415.9] 90 kHz o|5} F+ab4 /d &3} 110 kHz o)Ak 21t
2= M Bo| zkz} 0.5% ulgto] Eojof Fhc} (ITU 2001).

4.6 Timing of Pulse Group

E.E eLoran $Al=ol|A] £$A15H= GRI U] A& eLoran HA
9] SZCoJ|A], Zero Crossing Times7} UTC A|Z}E 7|& 0 2 425
ns oL THES1ER] 102 K40l 5H TS ol Sslod At

4.7 Timing Stability of Transmitted Signal

464 9] FEE WZAZUA, FAlO 12 AFol5H A 0]
B5131E& wioll& £100 ns oujoiof gtk mpx|ete 2 5% 2|4
o]F R o8t FH I 9] Al7te] 207 et ) F
2:0] 317} +10 ns e o|WE TSsfjof gt 4.6} 474
& eLoran 415 qtA0] A AFHHEA F71HE FHo=,
Loran-C 415 fZoll= SA45}A] ¢koktt. eLoran A| A2 BE

oE 9t

F0%0 Az %
o

Azko] UTCe] 718} wofok 5}
71— [e] /\]71— zﬂo-] S

=
3k Eo] 271=| 9k
4.8 Pulse-to-Pulse Amplitude Tolerance

eLoran A1 &7} GRI WollA] 87]<] eLoran pulseZ ¥ £Z35}
3, $AE oY A E FAsle] g AalE = Ak

E2E 218517] ufizoll GRI WollA diMd Q1= 415 %
£o] Z85tt th9] Al -2 GRI WollA] eLoran A 4§
o] AFAof sl AARE +35h, 71 WA 415 F7]9] &
A3 skelste). eLoran 4159 GRI W AH# 87l eLoran HA
717} 21e) 220] W57} £5% oltholof sl 4410 2 Liehfw
Al (D e

o

max([peuk,i) - min(lpeuk,i)

max(/ ;)

x100<5 (7

4.9 Pulse-to-Pulse ECD Tolerance

Al 227804 A5Gl ol GRI Yol 8719 A&
eLoran BA & X5 271¢] HATE 2hgste] gHis)E AlArgct.
2 oAM= 2719] A4 GRIZ 405 PCT Yol P82
2 ARESH= 70 eLoran HA2] ECD7} A A eLoran HA0] 1
< ECD&} H|wsted 0.5 ps o] o] QP95 Zh=21 & &Rlgitt

4.10 Pulse-to-Pulse Timing Tolerance

GRI W] & ¥4 eLoran HA 9] SZC= W] 25170l A] 8%
A7} ] eLoran HAO] AJZbo]| thgh 7]o] = ojof ghch. GRI
WollA] Z+ eLoran HAE 1000 ps 7H4 02 £55= AL 117
W}E of], GRI Y HA eLoran BA Q] SZC+= & ¥HA) eLoran &



2] SZC2} 4] (8)3 2+& A7k 20| S FhAok Bt

(N =1)x1000s +25ns (8

5. CONCLUSIONS

H =Foj|AE= eLoran Al Sof T3F TH-S ZFR5}o] eLoran
A5 F4& AAH] Y3 58 A5t I o2
2 AALE 439517 $Igh AN 2 v

olmd, 7} §5:0] AL Hte
A2 oLoran AILH 734 TS 2 B HolLt
A, eLoran $417] AlA8le] A% AZe] ek T R 87
w3 glek. & 8o Al eLoran $41 A5 FAL AARE &
ol B2 TALHRHS B8 AASIslET] Fofd 4 9 Ao
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