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ABSTRACT

Global Navigation Satellite System (GNSS) receivers are becoming increasingly sophisticated, equipped with advanced
features and precise specifications, thus demanding efficient and high-performance hardware platforms. This paper presents
the design and implementation of a Field-Programmable Gate Array (FPGA)-based GNSS receiver development platform for
multi-band signal processing. This platform utilizes a FPGA to provide a flexible and re-configurable hardware environment,
enabling real-time signal processing, position determination, and handling of large-scale data. Integrated signal processing
of L/S bands enhances the performance and functionality of GNSS receivers. Key components such as the RF frontend, signal
processing modules, and power management are designed to ensure optimal signal reception and processing, supporting
multiple GNSS. The developed hardware platform enables real-time signal processing and position determination, supporting
multiple GNSS systems, thereby contributing to the advancement of GNSS development and research.
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1. INTRODUCTION oo} Zro] GNSS AJAEe] Hrhis} W A2 415 9] F71o]
o2t 71E L @9 4159 71 S7tskaL 9lom, S/C et
Global Navigation Satellite System (GNSS)&= 9]%], £ &5 A|Z+ e 28 Fulg fjd &g tigh W Ay} MsiE
(Position, Velocity, and timing, PVT) A X & #|2sh= tj E2Ql oIt} (Han et al. 2022).
AlAElo 2 T Folofl ] &l @ 31 gltt. GNSSofli= Global 2L AT AAZE AT olo] @t 45 A2 &
Positioning System (GPS), Global Navigation Satellite System tlokst Ao A AJFHEIE 4 Qe S35t A FA 71535k slE
(GLONASS), Galileo, BeiDou Navigation Satellite System (BDS), o] & zh= e ZgiZ o] st o] o mEsloF S &
Indian Regional Navigation Satellite System (IRNSS), Quasi- A= dbbu)l Fulg SEFE WX 7H Solth
Zenith Satellite System (QZSS)7} gl o, 717} ul=, Ao}, & 2 =olAle st ] ob5 GNSS 4155 F35te] 41
%, 5% 9%, YRolH SAHOR ApLsle] LoslR ATk & R AT 4 i shEglo] 4417] A BAES Ak o}
Puehe 20220] 52 B39 94 PAARKorean £} $417] AP SABL RF 25T OAY RER 74
Positioning System, KPS) 7|-g A =old FHE vk 913 (Kim 6] RF 25L& L ojolat S ol g FAlol 4412 4 glo, of
2021), A A1) @ A o Sict A} A150) Foks E4S Tefslel RF B 7Ks 722 A4
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Table 1. GNSS signal specifications.

GNSSsystem Frequencyband Center frequency [MHz] ~ Servicename Access technique Modulation type Code frequency (MHz)
L 1575.42 L1CA CDMA BPSK(1) 1.023
1575.42 L1C CDMA BOC(1,1), MBOC(6,1,1/11) 1.023
GPS L2 1227.6 L2C CDMA BPSK(1) 0.5115
L5 1176.45 L5 CDMA BPSK(10) 10.23
El 1575.42 E10S CDMA BOC(1,1), MBOC(6,1,1/11) 1.023
1176.45 E5a CDMA BPSK(10) 10.23
GALILEO E5 1207.14 E5b CDMA BPSK(10) 10.23
1191.795 E5 AltBOC CDMA AItBOC(15,10) 10.23
E6 1278.75 E6CS CDMA BPSK(5) 5.115
GLONASS L1 1598.0625~1609.3125 OF FDMA BPSK(0.511) 0.511
L2 1242.9375~1251.6875 OF FDMA BPSK(0.511) 0.511
Bl 1561.098 B1I CDMA BPSK(2) 2.046
1575.42 BIC CDMA BOC(1,1), QMBOC(6,1,4/33) 1.023
BDS 1207.14 B2l CDMA BPSK(2) 2.046
B2 1176.45 B2a CDMA BPSK(10) 10.23
1207.14 B2b CDMA BPSK(10) 10.23
B3 1268.52 B3I CDMA BPSK(10) 10.23
1575.42 L1CA CDMA BPSK(1) 1.023
L1 1575.42 L1C CDMA BOC(1,1) 1.023
1575.42 L1SAIF CDMA BPSK(1) 1.023
QZSS L2 1227.6 L2C CDMA BPSK(1) 0.5115
L5 1176.45 L5 CDMA BPSK(10) 10.23
L6 1278.75 L61 CDMA BPSK(2.5) 2.5575
1278.75 L62 CDMA BPSK(2.5) 2.5575
IRNSS L1 1575.42 L1 SPS CDMA SBOC 1.023
L5 1176.45 L5 SPS CDMA BPSK(1) 1.023
(NAVIC) S 2492.028 S SPS CDMA BPSK(1) 1.023
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2. GNSS SIGNALS
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(Bandpass filter, BPF) A7, 12|11 AFL A] BA}F A5 AJA]O]
g YRE AF3ct ol thaliA] Table 13} o] 25}l
t} (GLONASS ICD 2008, BeiDou ICD 2017, IRNSS ICD 2017,
IRNSS ICD 2022, QZSS ICD 2022, GPS ICD 2022, European
GNSS Agency 2023).
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Table 2. Specification for GNSS receiver development platform.

Specification
Size <240.0 x 240.0 X 60 (mm)
Weight <4kg
Input voltage 28V+5%

Power consumption <15W

RF receiving 2 channel (L/S)
External reference clock/1PPS
RS422-UART, USB
GPSL1C/A /L2C/L5

Galileo E1/E5

QZSSL1C/A /L2C
GLONASS L1/L2
SBASL1C/A

L6/S-band simulated signal
Number of channels > 100

Interface

Signal specification

oFo 169} Sthed-& GNSS 4~
ol Zgsioict.

A7 N S AlE A2 B

3. DESIGN AND IMPLEMENTATION OF GNSS
RECEIVER DEVELOPMENT PLATFORM

GNSS $417] 7§ Zg2 6 RF HEol tix|g HE g LA]
9k RF B EE ok UR RE RF 452 ¢1g who} A5 A4
J 2 =7r3ubs(Intermediate Frequency, IF) ¥gksla oA €
IF ool8] R HEY 285 dAY HEE Algoh= 7S &+
sttt X" R &= RF HE9] Radio Frequency Integrated
Circuit (RFIC)& A%5l1, RF REZHE 12 e ox|gd IF
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Fig. 1. Functional block diagram of GNSS receiver development platform.

Fig. 2. Functional block diagram of the RF board.
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Amplifier, LNA)E A2} A5x4 2] &F 4] A4 i;ﬁoﬂ o 11/
Gl, L2/G2, L5, L6, S tejo]m 2 1t} 2 Bulj7|(splitter) 77HE A}
45lod 87§¢] RF 2 = wuligtch. EulE A & vhmix] gk 2
F2 ofjH] &Y (reserved) 2 =}, Euljsh A do] A= ZF Ajd
o] S5t thed o] Al 5o 9k Surface Acoustic Wave (SAW) 2

Table 3. Specifications of the main components used in the RF board.

Component Specification
LNA 1 GHz ~ 2.5 GHz wideband LNA
Splitter 1:2 splitter
BPF L1/L2/L5/L6/G1/G2/S-Band SAW filter, LC filter
RFIC 4 Channels, IQ data output
TCXO 10 MHz clock generator
CLK divider 1:2 clock buffer

LVDS converter High-speed differential line driver
FMC connector Interface connector

2 4% BPF B RS +agto2m 415 AA
& whalch o714 SAW Tl s Al
F0.2 AHYTH BPF 852 B b5 7 :
A AYAEE v ZF g ¥ A5 5L RFICE Y FT
87 YR Busiio] o] 1Q HlolelE &2 shsat 43
RFIC 27§ & A&l RFICE YJHE 415 E
(down-conversion)s}al, W& o= 1 t] X #H3}17]|(Analog-
to-Digital Converter, ADC)E E5jj4] T]AXE IF do]E| & AYA]
Ak 015 9154 SPI QIEIm|o] A E5jA] RFICS] LOSH e
Zr 5-& 4A35Ic) RFICE 10 MHz2] Temperature Compensated
Crystal Oscillator (TCX0)E 7|& 2202 AlgslH 1t 2 &
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Fig. 3. Functional block diagram of the digital board.

Fig. 4. Functional block diagram of internal architecture of the FPGA.

Y HHE AFgSlo] Buljst 288 7+ RFICE ¢17}3kt}. RFIC Table 4. The number of assigned channels for each signal.
o4 283 tjA¥ IF flo]e]= 114 Low voltage differential Signal Number of assigned channels Remark
li LVDS) TalolHE E3514] LVD Aoz W3l GPSL1C/A 16
signaling ( VES) SEtelE FefAl LVDS 2 sk, GPSL2C 16 Data/Pilot
LVDS t|o]El & RFICOIA &Y H M ET S} F7]5le] FMC GPSL5 16 Data/Pilot
AdEE EBHH RF ¥ 1:01]/\1 %j?_]—l:]- LNA - _t'ﬂ_HHﬂ - BPF - Galileo E1 16 Data/Pilot
Galileo E5a 16 Data/Pilot
o= _:_7]-2-1 ©° 2 828359tk RF J_ﬁg 715 %%_1;_% Fig. 29} GLONASS L2 16
73, RF BEOA A4 28 REO 7153} FHLE Table 3ol Seeerac | :
&3l RF B Eo] & T TR S S+ lable QZSS12C 8 Data/Pilot
el gich SBASL1C/A 8
L6-band simulated signal 8
S-band simulated signal 8

3.2 Digital Board Total 152

HAE HEof 7[Athe] AEAe, dlEfso]A, a8]an

RF 1
T M4 7%5& FEU) Fig 32 UAY o] 7|5 BEEE  FPGASH DSPE T153517] $J8lA] 100 MHz 7% 238 ALgat

Urerdick. o 1Akl 41521 fel FPoACA 415 S L 3
UAY BE TR 514 20 nm B DAL FPGAS £ 1% AT S A S5k, DSPA 415 &
g3l 1 GHz o]4Fe] B2} AMES 2K DSPE AERICE & 4, ZAAE 0|43 BPAL S Sk o|F s
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Fig. 5. Summary of the FPGA resource consumption report.

Fig. 6. Detailed image of GNSS development platform: (a) RF board, (b) Digital board and (c) Assembled shape.

A RF BE tj2|d F glo]e £2&
i1, FPGAY] 47| T A AEE DSP7L J2d
FPGAS} DSPE A QlE|g|o| AR ¢IZFIT} RF HE A% 7]
2 FPGA9] -39 SPIE o]-g-3tc}. 9]+ Q1Efuf|o] A= Universal
Asynchronous Receiver-Transmitter (UART), Ethernet, IPPS ¢
23 Mo 7 TAECH UARTE FPGAS] 371¢] 2i'd, DSPo]| 2
<] A do] St FPGA UARTE] &t 2'gd-2 RS4228 13
T3, FPGA UART v} ]2} DSP UART+= 25 USB C-typel
2 JYEC) Ethernet DSPE} (IAE] 71, 1PPS &2-& RS422
2 F3Ech U], JTAG, PROM, E2fAl+= FPGA 4§ olu]
A€} DSP B & 7| F5h=t] AHg-Ht

FPGA®]|= DSP ¢lE]H|o]A(bus interface), 2|5 QlE|H o)A
(SPI/SDLC/I2C/UART), RF ¢1E]5|0] A(RF MUX, MMCM), A|
7} E7] A% AAPPS/TIC), GNSS A% && 9 23 g
(acquistion module, tracking module, co-processor) S-o| &
Ht}h FPGA 75 EE5 5+ Fig 49} At} ZH A5 2 I A
d 4 1o} & Table 49} 231, Hutelo] =T  FPGAY] 2t 2

AH A1 glAAL Fig 59} 7t}

o

3.3 Implementation Result

T GNSS 4:417] 7iE S8 RF B A HE, 1
21 -3t 2HHE P42 Fig. 63 Lt 5132 Z o] 240
mm, = 240 mm, o] 60 mmE AZE 3, BE 25 Al
FAE oF L5 kgolth AR HH L2 oF14.0 Woltk

4. EXPERIMENT

4.1 Setup

AA D ARG GNSS 4171 i S 3R] Alsxe] 54 4
Z= H5lA] ofFeloll X%k 2

L5 th2d)9} GNSS Al EH|0] i
DG ALgsto] AEAE S UAES ol 48 415
2] 4 AL G Sste] A @

gl 1231 HkEu} 3F8-H|(Carrier to Noise Ratio, CN
2 7% AR AHEEIAR, 0] 4SS ol§3t 415X
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Fig. 7. Experiment environment: (a) & (b) Antenna location (red dot) and (c) Experiment configuration using multi-GNSS simulator.

Table 5. Specifications of the simulated signals.

Table 6. Result of experiment 1:L1, L2 and L5 band.

L6-band simulated signal ~ S-band simulated signal
RF (MHz) 1278.75 2492.028
Code family truncated M-sequence  truncated M-sequence
Chip rate (Mcps) 2.046 1.023
Code period (ms) 5 10
Symbol rate (bps) 100 50
Simulator control
& Receiver monitoring
Laptop
Multi-GNSS GN.SS
. RF Receiver DC Power
Simulator /
Development Supply
Antenna
Platform

Fig. 8. Connection diagram of experiment configuration.

ASolME 243 =528 ok, CNR, 12|1 AARENE 5
2t A4S A B2 ARESISIt AL 52 o BRE s el
ZF 7 ot CNR 75 UEU A5 40 o)A, A& 0E 4lE
= 9121(47 dB-Hz) gin] 35 A5 2}o] 3 dB o]5}E 7|&o2
AAsisict

Al 87 A e4E Fig 7o) UeERHATE (A& olE] AF
AFRL HoRrtol o] 82 71 22]slele). AlA1e AL otgut
£ o]&s}od L1, L2, L5 o] 94 41 xialoﬂ sl #el5kA

1,20234 69199 A 9AEE 6¥ 202 93 3x]74] A5}
Ak Al32E Al EHOEIE o] &3] Lo/S o] & Ro] 1S
iiﬂ]Oﬂ sl Eelsleda, Algell AF%P L6/S the i 2ef 41

= Table 59} ZHo] Qo|2 To] A5 4& AHsIIct A8
?i’é‘E% Fig. 83} 2t}
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4.2 Experiment 1: L1, L2 and L5 Band

SHEUE o83 A4S (L], L2, LS thY)) A 2] Al 3 At
+ Table 67} 2T} GNSS 417] A S Fo] 2 41S

2 CNR 40 dB-Hz ©]A}
22 Belshoict.

Fig. 99|41 Fig. 137}A] &4t 2 GPS, Galileo, GLONASS,
QZSS, Korea Augmentation Satellite System (KASS) A& tf<d
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GNSS  Frequency Tracked Doppler CNR
system band signal  frequency[Hz] [dB-Hz]

L1 L1C/A -1358.0 47.5

GPS L2 L2C -1058.1 49.0

L5 L5(1) -1014.5 51.0

. L1 E10S(B) -1412.6 44.4

Galileo L5 E5a(l) -1054.1 474

L1 L1F 2945.7 46.6

GLONASS L2 L2F 2291.0 47.1

L1 L1C/A -371.9 45.8

Qzss L2 L2C -289.8 45.0

KASS L1 L1C/A 230.9 42.1

Fig. 9. Experiment result: Tracked Doppler frequency, CNR
and elevation of GPS SVID 76 (PRN 23) L1C/A/L2C(CM)/L5(1)

signals.

2] ARE BT 5 Itk KASSS] B9
BeiFutast AT W,

ful

il o] 5
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o1 290 et
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Fig. 10. Experiment result: Tracked Doppler frequency, CNR Fig. 12. Experiment result: Tracked Doppler frequency,

and elevation of Galileo SVID FM22 (PRN 33) E10S(B)/E5a(l) CNRand elevation of QZSS SVID 2 (PRN 194) L1C/A/L2C
signals. (CM) signals.
Fig. 11. Experiment result: Tracked Doppler frequency, CNR Fig. 13. Experiment result: Tracked Doppler frequency
and elevation of GLONASS SVID R17 (frequency slot 10) L1F/ and CNR of KASS SVID 1 (PRN 134) L1C/A signal.
L2F signals.

http://www.ipnt.or.kr
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Fig. 14. Experiment result: Tracked Doppler frequency, CNR and correlation
value of L6-band simulated signal.

Table 7. Result of experiment 2: L6 and S band.

Frequencyband  Trackedsignal Doppler frequency [Hz] CNR [dB-Hz]
L6 Simulated L6 636.8 46.94
S Simulated S 1241.1 44.25
WpAsH 28] i) 7} djedo] $41 Fukol wfet i

4.3 Experiment 2: L6 and S Band

A B OJE1E o] &5 L6/S T & Ro] A5 X Alf 4
3 A¥N= Table 73} T} L6/S 2 =& Sk, CNR,
Agre WS o Y ”& 47 dB-Hz tijH] L6 thed -0.06

(e}

o)
r
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Fig. 15. Experiment result: Tracked Doppler frequency, CNR and correlation
value of S-band simulated signal.

CF. Fig. 145 L6 T ' K9] 415 22| Zi}e]al, Fig 15& S

Sitt. Fig.
e o To] 415 A &) Aot

5. CONCLUSIONS

=R chEe] 5 4154 7H53t FPGA 7]
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