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ABSTRACT

Through the Space Pioneer Program, researchers are striving to develop navigation code and message generators at a level

comparable to leading nations, with the aim of replacing foreign technology currently relied upon for satellite payload systems.

The ultimate goal is to achieve Technology Readiness Level (TRL) 7 and develop a qualification model (QM) for navigation

code and message generators tailored to the Korean satellite navigation system. To this end, various activities are undertaken,

including the development of an engineering model (EM) and electrical ground support equipment (EGSE), functionality and

performance testing, space environment testing, payload assembly support, and payload testing and analysis of the obtained

results. This paper presents the design concept, configuration, and verification test results of the code and message generator

EM. The results verify that the EM, produced using components compatible with space-grade parts for satellite integration,

meets all reviewed requirements to date.
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. INTRODUCTION

Global Navigation Satellite System (GNSS)+&= X315 E11 Q)
QFOol A HAI5H AT E o] aato] Abaate] 913, 4
A)Z+(Position, Velocity, and Timing) A2 & xﬂd—s}— A|AH
FI14 ol BN, Y, YT g FU A2
7} R FE = Fofol AfgF Ylu| Ao, g7 U /Hl:l c=Z o
A2FY A 5 VG SIS 2ok oo
188571 =715k Qlek (Kim et al. 2017).
GNSSojl&= n]=2] Global Positioning System (GPS), #A]
o}9] Global Navigation Satellite System (GLONASS), g3
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Galileo, Z=-2] BeiDou Navigation Satellite System (BDS), <1
E.9] Navigation Indian Constellation (NavIC), ¥d£-2] Quasi-
Zenith Satellite System (QZSS)7} lon], ZF UelE a2 Exp& o
2 7pelel godela olrk $eiutehe ah i Al Ad
(Korean Positioning System, KPS) 7J4H-S A Hojlx] F3E5FHF Q)
1 (Kim 2021), 'c‘ﬂxH A9} A Zof )Tt
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AAE whst 5ol Alof Aoz SAIsH=E], FHmAIA]
£ 914 FIE A, 914 A AR ol mabelo] gick. $dahy
A7 91 A 5E SAlste] S EE ASE P 415 £
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Fig. 1. Block diagram of Galileo GIOVE-B spacecraft architecture (left) and the picture of FOC NSGU test (right) (Eoportal 2012,

Thales Alenia Space 2020).

NS 3K SISt A1 T ARl At U
HAA S A Este] ALkt 14“ AAE Fste] #41719] $12
U A 7HE ZAA5HA Eo} (Kim et al. 2017).

FHYAE Fe/mAA] A 7] (Navigation Satellite Code/
Message Generator, KCG)= GNSSE 295}7] &3l Z42 Q1
1 F T o) AR E YAl 7];<1EH°4(baseband)
A/dsks Alolth 8 7152 A AE5E $1T
A A AR A, oY, 0} o] AR

2)0] A, 18] 7 0] S-S MY W M ZE 7| &
gAElol THE TR A BsHE Aolth & AT
A 71e & ZE/MAA] B8] A4kEke) 2| F4
QPR FAA] 28 B Tofsks AL BRa
olofl Wt 4] AWEERE WEAZL 4 =S AR
A5}tk (Kim et al. 2023).

B =Hollx& KCG lzyo]d =l (Engineering model,
EM)9] AA Adat AL A5 A 23 5 23S 7St

T
v

]_

ooll
i

2
= A
=
9]

1

m
ol

rlr op- o

I
ﬂF

> O
(= cl|
'““‘ﬂrh‘fmgl% th

:Lr
O_u r>~
2

lo
ol
o

¢
ol

4
&

il
1
kel
i
_?L

LEE

flo

i

o 914 BAE 918} $FF REW EHEL EM RES Fa
550l 1 g3lo] SHESOLE ARSI, Yol 2 AT AE
AL olg5to] U 2 )3 Qleisol et 74T $41 Al

ol thsh A sHAck

B R P4e thea Yok 2gAlE J1E SEmEAA
A7) Tzl thel BASH, FAIAE KOG EME A1 9 7
Ak, 4Ol E QoA HES o] §5lo] AZAFE 4

g}, npxate 2 58 A Eoltt.

(e} =

2. CODE MESSAGE GENERATOR
STRUCTURE ANALYSIS

HEEEE ':«;xﬁzﬂ NSNS SIet ge 77k A
At AR FEA] £ 3rd Generation Partnership Project
(3GPP) Non—Terrestrlal Networks (NTN) 7]8F A EA] 9 Skt
W Lo/s $10ah 3714708 A72 Eol Lois s A
144 7% AEEOIEE A, S5 L6 $AEAS
AZS Y5 A SAA 7S Fi51aL GPS L1 gh4Als ol e 9
AR S 7|8k 2 7235199t (Bang 2021, Kim & Lee 2021). Yl
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Fig. 2. Block diagram of Galileo NSGU Pre-DM interface.

;L]/x]}]\:}O]ZL AT EQo]|2 A== GPS ASHA e

2 Field Programmable Gate Array (FPGA) 7|9to 2 135},
Radlo Frequency (RF) #[*lo]A] th5 944 S5 AR 2 AY
A 71=51 GPS A5 A4 712 1333F B} 9Tt} (Choi 2015).

2 Al %9 S<1 Galileo $14d9] 20} 34| thsiA &
7R=l v} 21k (Eoportal 2012, Thales Alenia Space 2020). Galileo
GIOVE-B YAlA|e] Sz} Full Operational Capability (FOC)
FHEAHA L] NSGUE AlFshs B2 Fig. 13} 2t} o] &
of|A] Navigation Signal Generation Unit (NSGU)7} Z =/HA]|
2] 23710l siFEet. NSGUE #53517] $13F ¢S Power
Distribution Unit 2 2€] FZ¥=c}. Integrated Control &
Data management Unit, Remote Terminal Unit} 01E—]ﬂ]0]¢
slo] FE 9 AR E TE7] g L dlolE 55 A5t
1, Frequency Generation & Up-conversion Unit25-E] Clock
Monitoring and Control Unit®] 7|& &3-S ¢jvto} Zh o
W 3 A1 382 FGUUR 4415k} NSGUOA] £415 3 A1
= FGUUE %3) RFE H3lE] 17, Solid State Power Amplifier,
917, WE|, £4187] (Output MUX)E 74 $41 Qhelut
(Navigation Antenna)E £3]] X|Ato 2 &&=t}

E135] Galileo NSGUZ} $883}joF 5}= 7153} 220 o]
A3yt 2 dl(Pre-development model, Pre-DM)2] 117} 4=
=l 87} @)t} (Lindgvist et al. 2002). NSGU A3§ 4t 2l
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9] QlEfH|o] A= Fig. 2¢} Zth o] ¢lte]] mpE ™ NSGUS] :8
7152 A44=(up-link station) 2 2RE] 418 HARXE Q15
(authentication) & &l = (acquisition), 34 43”‘”4 8, &
He A5 YA 2l Code-Division Multiple Access R 43, <]
B 453t R EZRE 2k ks F =29} Pseudo Random Noise
(PRN) FEE 3FA5lo] Public Regulated Service g 215 AY
3 5ol Qlth NSGU+ st Hve =Y +2, A5 FE <}
3] £E(chip rate), PRN I & 5-& -FA5MA v 4= Qlofok 5}
=, A HAlls s 220t (profile)o]] wha} zF d-& vt
Aol 5 WAk Z2ahle] shejulel ulE 4 glojof of
;iol“/} JEJJr"‘ 2 QoA &k Aset wAA]e] 2
U359 &8 EE(user mode)o]

z2aky) 12 3] 4% 1.023 Mcps, WA|A] £
g z2ue 2 2 2,046 Mcps, H|A1A]
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3. DESIGN AND IMPLEMENTATION

2 Pl 25 24T 7158 KOG EMel B4
ST 4 YES 87 F4S AL, oIS uhoh Kco
EME A 9 :,Lsi SISt Table 12 KCGEMS] @ #4& &

ol

oFgh Zlolch. A7le} Fere 4] AAY] FAL FEFES 4
Hojglom, 15 Aeslolat TEol oalA7t gAE ZA
o $41 15Z A 3 670e] $41 AN} AR AL 9
3 ElolE & $41sks 27h0] 441 P FAsiic 1714 9
Eolols B QY 25 B8 AH9] AASkS] AF] BA} Ay
siA AhEs AL AOSIGTE 3 E, 71, HIE SE, A=
o ubAL R A 5L AR Ao AT S Bk
3] Slall Aol F5sIES FAS STtk AL b
gk gl i AR U W THel] Aol AR 14
2 A gstol 452 AFskaT

3.1 Hardware Design and Implementation

A" KCG EM 714 QlEd|o|A &5 tho]oj a7
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Table 1. Specification for KCG EM.

Specification
Size 322 x 239 x 27 (mm)
Weight <2.0kg
Signal interface 6 transmit channels, 2 receive channels (Primary)
Electrical interface LVDS, LVTTL

Input clock 10.23 MHz

Chipping rate Configurable (> 1.023 Mcps)

Chip period Configurable (> 1 ms)

Bit rate Configurable (> 25 bps)

Encoding Configurable (CRC, Convolution encoding, LDPC, etc.)
Modulation Configurable (BPSK, BOC, etc.)

Fig. 3. Block diagram of KCG EM signal and electrical interface.

Fig 30] A|Alekoit. KCG EM= FPGA Wjof 13H 671
S B0 2 ohel S R Wyolm kel 414
2 olgsle] 5 7o) AEE AIsIES AR 4
= 25 BE REXTH) O ERE ¥, $41 435 2
Hofl G == HAA] dolelE 517 $Ial A= ES AA
=Holok $41 A5 EE 3312 P 4135 AY/3 7] (Navigation
Signal Generator, NSG)¢} A1 4= 0, £$41 A5 4HEE 6HS
QIR BE 2HEXTH)I} ASHES T qlch ' 4
7] KCG EM2] A+H9] B2 A9l Alo] ZE(Power control
Module, PM), A]AE] 2o BE(system Control Module, CM),
A5 x|2] 2-&(Signal processing Module, SM) 2. 2 JLAIEITH
SlE]Ho|A 142 Al FHFAlof wla} Low voltage differential
signaling (LVDS) ®}413} Low voltage transistor-transistor logic
(LVTTL) vl o 2 LB En] Primary9} Redundancy -2 & o]
FojEo] 7k HED} A5e] FHES Eof AR} YA B
Bl & A QEHo|A A Sole 2ol Bagh10.23
MHz 2& 4159} 1 Pulse Per Second (IPPS) 415 S-o] Z3k=c}
9lH B ¥ SlEHo]AL LVDS HHAl 0 & o]23lE 4xid e
AAESG o, o F B5 2H QlEHo]AE o|F3E 62E R
A= Qich &% ol=r dl(Qualification Model, QM)A = &5
SO A AFR 7155 WHEARA (radiation-hardened) H-Z-& A
83} 2 Q)L 2 FPGAS %35l 2@ BE S AAsioict Ae
Hl Z8]Q1 (backplane) AYE & S5l 5V A US Fgitor HEE
o]E](regulator) AA}S o]&35}o] 1.2V, 2.5V, 3.3VE Hglslo] A}
STk AR KCG EMO] RARE Fig, 4ol AIXI o] 9lt.

Al
\__
=i}
=

rﬂz r
o, }OII i o

(

)l

il

http://www.ipnt.or.kr



388 JPNT 14(4), 385-393 (2025)

Fig. 4. Detailed image of KCG EM.

3.2 RTL Design and Simulation

KCG EM& ZE/mlAln] A4S Sl £A7 441 S (sig_
= A
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output_block) 372 FAEEE A 519t} Fig. 5 A=
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Sk 415 44971 (sgnal generaton)eh F =) A A4S B
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22 ¢lejHo] A(memory interface)7} Ytk T & AA7|= A
7 Zole} sl s TES AL, A4 FHsT ZEE
GPS LIC/A, L2CM/CL, L5I/Q, LIC, |x2a] 3= Eo] sabgc)
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Fig. 5. RTL Block diagram of KCG EM FPGA.

Signal Generator

Code/Message Sequencer

Fig. 6. State diagram of signal generator and code/message sequencer.
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S0l ] Alel2 Holslt} o]& 1PPS A5
5 AAT)= A BA A Aglste], B i
A jejoll 4l SEoh WA E ¢, olF
AR ZEL ojHlR] ] Gl A AEE ol
Al =, =W HAA7E HAENS B FEELE HE
Aeim ojde H}%O E'Mi *lg A dAeA $4 T A

A

ml>
@

g
o 2
fol
b
ﬂ

oﬂi B o o

—|—‘
F_,
N
-
Jﬂ
=)

LEUﬂAﬂZ] 1*‘3*1; J_7]*J'EH(IDLE), SA=
(CODE_GEN), WM A] A44] AFe(MSG_GEN)

e, 28] Aol RERRH A5 A4 B3 9wtk



Jinseok Kim et al, Navigation Satellite Code/Message Generator 389

Fig. 7. Timing diagram for the code/message sequencer, signal generator, and activated memory location.

Fig. 8. RTL simulation result: (a) code/message sequencer and (b) signal generator.
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3.3 Interface Board

QIEfslo] A HEL KCG EMO] 715 435S 18] 19 332
EQH B cleplo)8 Fusha, dlolel A% 2 240l 7}

Table 2. Resource usage of FPGA.
Total Used

4LUT 151,824 49,862
DFF 151,824 45,109
UserI/0 720 60
RAMIK18 209 67
CCC 8 2
ROSC_50 MHZ 1 1
SYSTESET 1 1
GRESET 1 1
RGRESET 206 1

[‘

SoteS AAISKI 7t 4159] A7 F42 5HE7] S8l =
2] 2 27 (logic level translator)E 28514101, o] &

of
F
J
o U

4

2] 2 A4S Qs FPGA 7} B & (Evaluation module, EVM)
£ A}g519it} 5 & FPGA Mezzanine Card (FMC) 74l E]

il

2 2}25}0] FPGA EVMi} A4S o17Z519it} FPGA EVML KCG
EM_J SPI Ao}, EXT1 215 @ 1PPS A1 4841 KCG EM 441 Al
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4. TEST AND VERIFICATION

4.1 Test setup
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Interface board

KCi +5VDC Regulator Input 8 ~ 36 VDC
RLG P P DC JACK Power Supply
Clock }j External clock (10.23 MHz)
9 OSC(LVDS)
1-pPS.
—
SPI
> Level Translator
T t 3 -
__ Temperature | Back- | Back:
Reset Plane Plane
| Level Translator
JTAG JTAG /P
@ JTAG /R
Level Translator
Signal1~3(PRI/RED)
T )
Reserved JTAG
Reserved eser FMC FPGA EVM
<<===== D-Sub CABLE =====>>
J3x_CON1 EXT1 Data J3x_CON1
(HD 26Pin) (HD 26Pin) |
J3x_CON2 Reserved J3x_CON2
(HD 15Pin) (HD 15Pin)
Si 14~ 6(RED]
J3x_CON3 | Home D) J3x_CON3 '—’
(HD 26Pin) et (HD 26Pin) Notebook
J3x_CON4 | J3x_CON4. Level Translator
(HD 26Pi (HD 26Pin)
[( in) | JTAG (@ in) JTAG Con. | FTDI USB USB/UART

Fig. 9. Block diagram of interface board.

Fig. 10. Detailed image of interface board.

Table 3. Signal specification for verification.

Signal 1 &4 Signal 2 & 5 Signal 3 &6

Modulation BPSK(2) BPSK(5) BOC(1,1)
Code type Weil code Weil code Weil code
Chip rate (Mcps) 2.046 5.115 1.023
Chip period (ms) 5 2 10

Bit rate (bps) 50 4000 25
Encoding CRC Serial encoding CRC
Symbol rate (sps) 50 500 25
Frame length (bits) 1500 4000 1500
Frame length (sec) 30 1 60
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=
Ad o]
AJslslo] $41
o B5%of tisl GPS LIC
Sick oiMIA] ZH AL FA41
Navigation (CNAV)2} §-A}5H
5L EXTIS E3) $41
A5 4HRE 6He Zvzt 3

|5to] YAdsisict.
= AE =2 SR A58
ZE| Y5 (Preamble), Z= H 5 (PRN),

7]
o] utl=l F &= (Weil Code)S A}

=
A% 14, 38, 4, 612 GPS

>

lo

l_
i
rlr
&

J(serial encoding)- &

HAA] Z o 2

gJcg

=2 —

% (Message contents), CRC

1=}
WAAE B AR

Uitk 7 BEE
o 5o vAlA ALl LAleh 415
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Fig. 11. Detailed frame structure: (top) frame and subframe structure for
signal 1&4 and 3&5; (middle) subframe configuration for signal 1&4 and
3&S5; (bottom) data example for signal 2 and 5.

Fig. 12. Experiment environment.
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Table 4. Verification result: interface.

Requirement KCG EM Result
Offset (LVDS) 1.125~1.375V 1.17~1.24V OK
Differential (LVDS) 247 ~454mV  378~385mV  OK
Output (LVITL) 224V 3.23 OK
Input (LVTTL) 224V 2.86 OK
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Table 5. Verification result: generated signal analysis.

Requirement Result
Modulation BPSK(2) / BPSK(5) / BOC(1,1)  OK
Code type Weil code OK
Chip rate (Mcps) ~ 2.046 /5.115/1.023 OK
Chip period (ms) 5/2/10 OK
Bit rate (bps) 50 /4000 / 25 OK
Symbol rate (sps)  50/500/25 OK
Frame length (bits) 1500 / 4000 / 1500 OK
Frame length (sec) 30/1/60 OK
Encoding CRC, serial encoding OK

Fig. 13. Detailed image of verification result: (a) LVDS (signal 4~6) and (b) LVTTL signals (SPI interface).

Fig. 14. Detailed image of verification result: (a) logged data from oscilloscope, (b) decoded frame comparing result of signal

1&4, 3&6 and (c) decoding result of signal 2&5.
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Fig. 15. Detailed image of verification result: FPGA EVM terminal.
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