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ABSTRACT

In this study, we designed a USRP-based multi-antenna GPS L1 C/A RF signal generator and verified its performance using
commercial receivers. The designed RF signal generator consists of a software-based signal generation module that generates
multiple GPS L1 C/A IF signals, and an RF signal transmission module that up-converts the generated IF signals to RF signals
for transmission. The multi-GPS signals are generated by reflecting time delays, according to the arrangement and structure of
the antennas, in the code and carrier, and each signal is transmitted through its respective RF front-end. The RF signals were
verified using a commercial U-blox receiver, and the operation and performance of the multi-antenna signals were confirmed
using an attitude determination system configured with two U-blox receivers. The designed signal generator can be used not
only for precise navigation and attitude determination but also for the development of various array signal processing systems
such as A/DOA, beamforming, and nulling.
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Fig. 1. Structure of a SW-based GPS RF simulator (Noh et al. 2022).
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Fig. 2. IF signal generator module structure (Noh et al. 2022).
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Fig. 3. Array antenna IF signal generator module structure.
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Fig. 7. Test configuration for simulator verification.

v Multi Antenna RF Si

' i
1 R Sigrad H
: Transmission | ¥
' 69511 6/A Muoduile HET Itne )
. Reference ) Reference Relative
H : : iy

W Sagral bR gl Position
H Channe 0 EVE-MET &>
H M- Al : Fa
H T ]

GP5 L1 CfA Raw Convert
. .
' ¥ Signal Generation | <F5 1 ol Vo Rover mesuremnet | unxtammex | M Attitide
H el ¥ skgnal HELES Determination | Attitude
' | rsignal 1 chaneert EVI-MRT -— ===
T

H
: '
i
H

Fig. 8. Test configuration for simulator verification.

o] TE|REE Bxste] TX/RX £8-9] 7}5SE RIO 919 &
=18 /\]__Q_@-D]. £ mgg3e USRP ¥ glaln|e S ARk
USRP A5, IF 415 9 & ¢lo] F-gAkelo] dgshe 415w
o read*, oTrX]‘%].—Q] d|o]E] S USRP AEs| RF 2152 A5}
31 £A151= RF A5 AR Z TA=ECCH £4] =2 738 USRP
BEo] F16] m2A AZ elolelzh HYEA oot W5

Underrun &A1& 57| $J5) 'Li o+ readH, RF 415 A5
£ ey g FASISIch $4 =2 03] A 52 S5

= Fig. 7o)l Lehgich

USRP AR AHgA1e] & Fofl USRP EEU9] 271¢]
IS sfofoletS 43 USRP s sfefolet F 4
,4._,_ IF 215 WZ glo|g o}e) A2, Aksk wiglat

4=, Gain, USRP2] F4o0|c}. USRP FA= Ethernet
7§° HE o Ip FAE PCle2 017:‘§_P7g} USRP2]
Skt £ =FollA= 10G Ethernet® & $AZ5}0] AF

_4_.

HIZ

i=r=]

folr l-rl
e

mlu

—{No
J;

Lol o of

_?L
32
o

h=)

o e
O it
s

i

oo O o r
I

Q]
=2

IF 1}2 Read¥(read from data_thread)= IF }U-& ¢loje}b

o

https://doi.org/10.11003/JPNT.2024.13.4.389

U-Center | | 0-Conter
Rsult Rasuilt

A Queued]] AAsh= A EE AJ4J7ich USRP A7 Rof
A 4 B 2719 el thgt IF A15.9] 1/Q HolH & ¢lo]
<} 27§2] Queuee]| Zd“é‘@ﬂ} 1EEH ole = ME9| 4= UHDO
A AR E Y S R AR 2EE F s B

= glow 2aET}
RF Al5 Ay JE(send_to USRP_thread)= o8| & ¢loio}
USRPof| Agshe A EE /33t 2709 Queued] A4 H
o|El & §lofet shte] wmof] Z45)ar, UHD We “send” g4
£ &5l USRPe|| MEZ2lct. A2 tl|o]el+= USRP W FoflA 27}
9] Stefutol] s == 2702 2id el ZHzt T o] Ak High &
$AlEoh 28| =+ Queuel] 3717} 00] =H STt

24

s 8yo1 4

ol¥

4. C}= 2HEILE GPS L1 C/ARF

B =Hojx] AAS b= oL GPS IF 2154
T4 Fig. 8o UERAQITh WA 415484 5o

4719 1%

A o] 7}¢]

3
°f



Gyeongmin Park et al, Design of Multi Antenna RF Signal Generator 395

Table 1. Experiment set up for the verification of a RF transmitter module.

Common set Setting
RF-front end NI-USRP 2952R
Intermediate frequency 5.42 MHz
LO frequency 1.57 GHz
Sampling frequency 25MHz
Satellite signal (PRN) GPSL1C/A(PRN 4, 8,9, 16, 18, 26, 27, 28, 31)
Number of generated antenna 4

Table 2. Rover antenna NED coordinate setting position and expectation

attitude.

Rover Set position Expected attitude
antenna North(m) East(m) Down(m)| Yaw(°)  Pitch(°)
Roverl 1 0 -1 0 45
Rover2 1 1 0 45 0
Rover3 -1 1 1 135 -35.2644

Table 3. Generated antenna LLA position.

LLA
Latitude Longitude Altitude
Reference 36.62501335 127.45785677 110.30397442
Roverl 36.62502236  127.45785677 111.30397449
Rover2 36.62502236  127.45786795 110.30397457
Rover3 36.62500434 127.45786795 109.30397457

Antenna

Fig. 9. Hardware configuration for validation.
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(a) SW signal generator module

(b) U-center SNR plot

Fig. 11. Screenshot of signal generator module and U-center SNR plot.

(a) North, East (b) Down
Fig. 12. NED coordinates rover antenna result.
(@) Yaw (b) Pitch
Fig. 13. Rover antenna attitude determination result.
Table4. Rover antenna LLA coordinate positioning result.
Rover North East Down
antenna Mean STD Mean STD Mean STD

Roverl 0.9997 0.0013

Rover3

8.003e-6 0.0014
Rover2 0.9997 0.0015 1.000

-1.0002 0.0014 1.0001
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0.0014 | -4.7183e-6  0.0034
0.0013 0.9999 0.0031
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Table 5. Rover antenna attitude determination result.

Rover Yaw Pitch
antenna  Mean STD Mean STD
Roverl 4.3454e-4  0.0805 45.0016 0.1124
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