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ABSTRACT

Reliable symbol demodulation is essential in Eurofix-based eLoran Loran Data Channel (LDC) reception because Reed-
Solomon coding RS(30,10) can tolerate only a limited number of symbol errors. However, in noisy environments, pulse
position estimation errors can lead to invalid modulation pattern decisions and consequently increase the symbol error
rate before RS decoding. To address this problem, this paper proposes a front-end demodulation algorithm that combines
Correlation Difference Correction (CDC) and Minimum Distance Decision (MDD). The proposed algorithm reconstructs
candidate pulse patterns using correlation differences and, when necessary, determines the final symbol by minimum-
distance matching to valid Eurofix modulation patterns. Simulation results in an AWGN channel show that the proposed
algorithm outperforms the baseline demodulator in Pulse Error Rate (PER), BER, and SER, providing approximately 4 dB gain
at BER = 10" and about 1 dB improvement at the RS(30,10) correction threshold of SER = 1/3. Under skywave interference (SWI)
conditions, the proposed algorithm reaches SER < 1/3 at SNR = +12 dB, achieving at least 4 dB SNR gain over the baseline
demodulator, which fails to reach the threshold within the evaluated SNR range. The proposed method therefore improves
symbol decision reliability and increases the likelihood of successful Eurofix LDC message decoding.
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1. INTRODUCTION Modulation (PPM) 7|8t ¥z H}2l o 2 (Kim & Kim 2001), 4=
Also] HA AZ AlE EX Reed-Solomon (RS) B35 U Dﬂ/\]
Enhanced Long Range Navigation (eLoran)& =& £A] 43 2] Bl 7S Ea) glo ]Ei% Z=A151}, Eurofix LDC HIA] A&
I}zl o] EAJ 0 2 Q15| Aldef 7+9151H, Global Navigation 0= HAS 95 RS(30,10) 5 & AFESHH, 5lte] FEQE=
Satellite System (GNSS)2] B 5} A|AE| 0 g FWHE- Z]A} Z 30709 AEZ FAE T X 10719 A& 2771z AA 7}
u} g} AJA"lo|t} eLorang Loran Data Channel (LDC)S £ —o]-l:]- (ITU 2001). wle}a] 4:417] Ao A= RS B5 7|82 A
sl 94 ARE ASTORH PH AL FHNL 4 9om,  HE OF 4B £8 107 olst2 §Hsk: Ro] kgl W
olofl we} LDC wlAlA o] QHg el 4410] 25}t (NMPNT 2] Bele] 314] 27o|c}.
2026). Eurofix2] PPM HlZ+= -1 ps, 0 ps, +1 s OjAfek HA 9%
Eurofix: eLoran LDC A4S ¢St 3224 Q1 Pulse Position H3LE 0] 8517 o, 3 oA EAsk= A $x] F
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Fig. 1. Eurofix-based LDC message reception procedure and symbol decoding chain.

2 oA 55 HFES A5 4 Gk 55 Eurofixel A
671 B20] 91 o] shke] Hlole] A2 AH o2 A A

HEe Y Wao Ao o) 24 oxjetE AA AR oF2

o B2 WA Ba 91X 23S PR HEE WEshs A
o] AA HAIA] F /g5l AFA G vzltt (Yang et al.
2020).

71& Aol ol LFE Hslslr] $15 LDC HA]A]
of] 3¢ Cyclic Redundancy Check (CRC)E o] 835t 0 & A&
olL}, theo] AN Asle] Bz HHES PANTIE S
=2 (signal accumulation) 7|5 S-o] A}&-=|o] 2} (Yuan et al.
2020). T2} CRCE XA 544 A5E 98
0 W, B2 Aol e 4 27 7
Bh} ERAIE e Tl e B
gLOLE, #7440l 441 Al 21
oflA] A7} itk wheka] RS £S5 o] d ThA|ofl A 2
Z e A B, 2512 A
£ &Y ¢ e AT 52 AW gae el asitt

ool o] =FoflA1& Eurofix 7|9} eLoran LDC 441 A Aol A
A% 274 Al=S FAA717] $18F CDCMDD 7)it FE B
A G S-S ARt Age HhHE 2] BA |l 24
ol ] LAY f-ashA] 2 WX HEE 25 Hfal A
I =}o] 7]¥tke] Correlation Difference Correction (CDC)E &
&3tch =3 CDC GAME f-a3F fido] TEEHXR o= 73
Solle Hx gE 7F A 7]
Decision (MDD)-& A -g235}o] 2

K

by

=
of¥ i

A B F2E Sl AlQF &are]E-S Eurofix LDC =41 1o
A BASHE A8 QFE A7 3, Ao g RS BoU|2
ALE e o7 AE £5 9 viA] BY A5 T+
Ag ERE it

2. EUROFIX LDC SYMBOL DEMODULATION
AND PROPOSED CDC/MDD ALGORITHM

2.1 Eurofix Modulation Structure and Symbol
Decision Problem
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Fig. 2. Stepwise demodulation flow of the proposed CDC/MDD algorithm.

= dv} 21Ttk (Son et al. 2022). Eurofix 7|
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2, 0|2 wEshe Uisle] HE % 1287)9] sedero] HlolE] 4]
Bo] Pt 7 Bl e 7-bit Hlo]E] A8} ArjY 2
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correspondence 3ol o= o] ¢lr} (ITU 2021). o]¢} 2 &
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2.2 Proposed CDC/MDD-Based Symbol Decision
Algorithm
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AH9 F8 ATHE S, CDC BANME 2 HE
Tglo] W7 %] 9bg Z$oli MDD(Step 3% A &5lo] 2%
Bz Aue AU Z, Ak AILFL 7)E WA B A4
 xjol 7|8k B4, Te)3 HaA AN HE Ae LXH0
2 skt Bald 722 itk

2.2.1 Initial pulse position estimation
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ofo] AHZES ALK} (Lo & Enge 2000, Son et al. 2021). o]
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Table 1. Example of correlation values at each candidate position.

G(-1) Gi(0) Ci(+1)  pewi
21.4009 21.4122 21.4171 +1
21.2292 21.2242 21.2126 -1
21.2287 21.2271 21.2190 -1
21.2478 21.2533 21.2524 0

21.3028 21.3020 21.2949 -1
21.2965 21.3068 21.3108 +1

DU W |

W Ho) AT 2 SRE HYsY 7] 24

3}A] ¢¥ol Step 22] CDCZE Fo

Al SRS Frlete] 8 HgHE s, [Cs(-D) - Cs(0)] =

b
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Q

2510l i = 50141 s = 0], i = doflAq 5 = +1o] THH] TR F7bel
o}, oluf Aholgtol o A& i = 5o thA| 17k WA W,
[+, -1, -1, 0, 0, +1Jo] &3 WEloR Wrise] 2% 4ge 2
i

2.2.3 Minimum distance decision (MDD)
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25)517] 915t Aolct.

6
Dy = Z'pk,i - pest,il (4)
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2.3 Performance Evaluation Method
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Fig. 3. eloran pulse group examples. (a) Pure signal (b) Received signal
with AWGN.
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3. SIMULATION RESULTS

3.1 Performance in AWGN Channel

At A& s Hrlsh] Hste] ZF A SiSH|
(Signal—to—Noise Ratio, SNR) Z710{|A] 1,0003] 2] & A&
ol4g $asISITt A B0 MATLAB 7l¥ko 2 7519
on, 2Pg 7L JHA] WA 719 A9r 2HE-(Additive White
Gaussian Noise, AWGN) @ & 7145193t} (Kim et al. 2018). ¢}
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Fig. 4. PER, BER and SER performance comparison between the baseline
demodulator and the proposed CDC/MDD demodulation algorithm. (a)
PER (b) BER (c) SER.
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Fig. 5. Processing step distribution of the proposed CDC/MDD demodulation
algorithm according to SNR.

Table 2. CDC/MDD step success rate at SNR=—8 dB.

Step Number of invocations Bit success rate

Step 1 (Baseline) 528 0.929

Step 2 (CDC) 341 0.801

Step 3 (MDD) 131 0.659
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Hgic,
Fig. 4c9] SER A%} #2541 RS(30,10) B590] 0.5
ol A7kl SER = 1/3< 3H7 EAJ}QITh. Alekel CDC/MDD
22 SER = I3 7|24 712 W4 Bz cju] o 1 dBe)
R4S LRI o]t RSG0J0) #.5.2] A% 7Hs geiel
317] Slol Rk $41 SNRE U5 4 9182 oJnlshd, 1
% WA el A1 08 BAV} H%E RS 85 4T b4
02 o]ojd 4 9lgE HolEtt,
Fig. 5t AIQHE CDC/MDD %2 Qhae) Sl 2t eillo) 43
M-S LeRAICh 1] & SNR SA0A1E thiiie] lole]
7} Step 19] 712 HHA] Bz oleld FAH 0.2 HelEs AL
golgr 4= Qltt. I#Lf SNRo| ZHASHE Step 29] CDC THA|
oA BFHE Wgo] S715FE oS Holu, el -6 dB ols}
o] the SNR S0l AL Step 39 MDD} 3% B2 23S 4
Yoo vl A 7Kk o ARHE G Fo] £& SNR
OllAE 718 AT AR TR BABFUALE, e SNRoIA
4 AAE AR ow Gysistel 271 Wz )
Jol3re wolzch Eak A B7 &
Q15}17] £J3 SNR = -8 dB Z7o|A] ZF A
o M= 97188 ST Aok Tale 2o LehAglek CDCTL
o] Algellx] H]= Ax]&o] 80.1%, MDD7} 5 4

Jronft oofr Rt ooX

(3
oo rﬂ il ox 1S oX

oF.

H|E dx]80] 659%2 LFERFon, sict A58
S Step 1‘]}0 2 52 AR HEH9lE HAolnZ CDCe}
MDD~} Z4| BER A5 7H4de]l 7]o15He el 4= it

Table 3. Performance comparison under skywave interference condition
(a=0.5,7=1ms).

Baseline Demodulator Proposed CDC/MDD
PER BER SER PER BER SER
-8 0.8048  0.8179 1.000 0.3165  0.3543 1.000
-4 0.6623  0.6784 1.000 0.1853  0.2371 1.000

0 0.5000  0.5043 1.000 0.08717 0.1143  0.9654
+4 0.3313 0.3329 0.9697 0.03533 0.04914 0.7749
+8 0.2070  0.2077  0.8355 0.01567 0.02371  0.5022
+12 0.1810 0.1810 0.7359 0.01000 0.01443 0.3377
+16 0.2070  0.2070  0.7446 0.003667 0.005 0.1429

SNR [dB]

3.2 Performance under Skywave Interference
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4. CONCLUSION
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