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ABSTRACT

In this paper, a low-cost, flexible GPS simulator based on USRP is designed as a general-purpose software wireless front-end.

The simulator consists of a software GPS signal generator and a USRP-based RF transmitter. The simulator supports various

scenarios including specified reception time, quantization bit level, I/Q data types, IF frequency, sampling frequency, SNR,

ionospheric delay and user dynamics. The generated GPS RF signal is verified using the spectrum analyzer and off-the-shelf
GNSS receivers such as U-blox M8T. The experimental results shows that the difference between generated and real live
signal is ignorable. It is expected that designed GPS simulator can be used to GNSS signal design, receiver design and signal

processing algorithms such as anti-jamming.
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Fig. 1. Structure of a SW-based GPS RF simulator.
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Fig. 2. Structure of GPS IF signal generator module.
Table 1. Ul configuration parameters.
Parameter Description Unit 40 . Power Spectral Dgnsity of ('I;‘PS L1 C{A Signal ‘
Simul_T Simulation time sec
ADC_BIT Quantization bits Bits
1Q In-phase only / In-phase+Quadrature -
IF_freq IF frequency Hz
Fs Sampling frequency Hz §
Signal2Ratio  Signal-to-noise ratio dB ?g
M_angle Mask angle ° =
RX_lat Receiver’s position: Latitude ° 2
RX_lon Receiver’s position: Longitude ° §
RX _hei Receiver’s position: Height meter Ii‘_’
MOV Whether to move the receiver: static/dynamic - 5
Year Local time: Year year z
Month Local time: Month month o
Day Local time: Day day
Hour Local time: Hour hour
Min Local time: Minute min
Sec Local time: Second sec 40 ) ) ) ) ) )
N_Ch Available channel - 2 3 4 5 6 7 8 9
Tropo_delay  Tropospheric delay: ON/OFF - Frequency (Hz) 10°
Iono_delay Ionospheric delay: ON/OFF -
Fig. 3. GPSL1 C/A signal spectrum (sampling frequency 25 MHz).
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Table 2. Experiment set up for the verification of a RF transmitter module.

Common Set

Setting

RF-Frontend

Receiver position (Longitude, Latitude, Height)

Intermediate frequency

Carrier frequency

IQrate

Satellite signal (PRN)

Path delay (Tropospheric+lonospheric)

USRP 2942R
36.364194°, 127.345633°, 93.7988 m
5.42 MHz
1.57 GHz
25 MHz

GSPL1C/A(PRN4,7,8,9,16,21,26,27)

ON/OFF

Spectrum
Analyzer

Binary oad USRP signal
Data File 2942R DCBlock splitter

Desk(n

splitter

Fig. 8. Devices connection for the verification of a RF transmitter module.
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