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ABSTRACT 
 

  With the purpose of testing the performance of GPS receivers, a GPS signal simulator is needed 
that can emulate the real GPS signals under all kinds of the conditions. This paper analyzes the single 
channel and multi-channel GPS signals’ characters in time domain and frequency domain, and 
discusses a mathematic model of the twelve-channel GPS simulator. In order to reduce the difficulties 
of the hardware design, this model is designed to provide the IF signal directly by applying the idea of 
“software radio”and the theory of interpolation. Simulation results with SystemView software 
demonstrate the feasibility of the system scheme. A practical hardware design of this system is 
described. 
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INTRUCTION 
The GPS program is undergoing a period of rapid growth and development. The system evolves 

from a set of signals that serve civil and military users to separate services with independent signals. 
A GPS signal simulator is needed that can emulate all kinds of experimentation environment and any 
required signals in laboratory and give the reference for the final GPS applying scheme. This paper 
will analyze the digital twelve-channel GPS simulator’s operational principle and describe a system 
design based on the idea of “software radio”. 

 
 

 THE CHARACTORS OF GPS SIGNALS 
 

1 GPS signals’ characters in time domain 



GPS adopts pseudo-random code spread spectrum technique. The frequency spectrum of signals 
sent from GPS satellites is made up of two ramifications of the L1 and L2 registered bands. At the 
primary frequency L1, there are C/A-code(Coarse Acquisition Code)�P-code(Precise Code) and 
D-code(navigation text) modulated. But at the secondary frequency L2, there are only P-code and 
D-code modulated. P-code's code length is 235469592765×103  code elements, and its period is 
about 266 days and 9 hours. C/A-code's code length is 1023 code elements, and its period is 1ms.The 
generating method of single GPS satellite’s signal is as shown in Fig 1. 
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Fig 1.The generating methods of single GPS satellite 

 
According to the Fig.1, the equation of the modulated signals sent from the single GPS satellite is 

given by 
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where  Ap , Ac=the amplitude 
P(t)=P-code  
C(t)=C/A-code 
D(t)=Navigation text 
fL1=1575.42MHz 
fL2=1227.6MHz 
φ10 ,φ20=the initial phase. 

The signals reach the ground after a certain time. If the time of receipt is as reference time, the single 
channel GPS signals of receipt are given by 
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where f1d, f2d=Doppler frequency shift 
τ1,τ2=the GPS signals' traveling time. 
 

2 GPS signals’ characters in frequency domain  
Because P-code is difficult to acquire, it is mostly used in American military. Generally other GPS 

receiver users all use the C/A-code GPS receivers. In the next paragraph, the conclusion will be 
demonstrated that for the C/A-code GPS receiver users, the GPS simulator only needs to simulate the 



C/A-code signal (the signal modulated by C/A-code) at L1 frequency. 
 
P-code and C/A-code are a group of pseudo random codes, which have noise characteristics and 

can be duplicated. So the modulated signals’ carrier frequencies are suppressed. The signals’ power 
spectrum density is like the shape of function (sinx/x)2. If fb1 and fb2 are C/A-code and P-code' code 
rates, fb1=1.023MHz, fb2=10.23MHz, the cutoff frequencies of GPS signals' main lobe are (fLk±fbi)(k
�1�2�i�1�2) . It means that if the narrow band (50bit/s) data stream D-code is spread spectrum by 
P-code or C/A-code�its bandwidth will be spread to the 20.46MHz or 2.046MHz. 

 
At frequency L1, the C/A-code signal and P-code signal’s power spectrum ratio is about 3dB, and 

their power spectrum density ratio is about 20dB.When the bandwidth of the filter in the GPS 
receiver is selected properly, the C/A-code signal can pass almost all the energy, but the P-code signal 
could pass little energy. So for the C/A-code GPS receiver, P-code can be thought of the stationary 
random noise. If the noise not being considered of, the single channel GPS signals of receipt are 
given by  
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3 The expression of multichannel GPS signals 

At the same moment, a GPS receiver can observe several satellites and calculate the measured 
point's coordinate according to the four measured distances between satellites and this point. So the 
GPS simulator must emulate all the visible satellites' signals in real time. 

 
If the P-code signals and noise are not considered of, the transmitting signal of the number i 

satellite is given by 
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where Ac=the C/A-code signal's amplitude. 
 

Because the traveling time�doppler frequency shift and signal intensity of each GPS satellite's 
signal are different from that of any others, the receiving signal can be expressed as 
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where  i=the number of GPS satellites 
M=the number of visible GPS satellites. 

When the minimum elevation is selected as 5º, a GPS receiver can observe 12 GPS satellites at best at 
the same moment. So the number of the GPS simulator’s channels is selected as 12. 
 
 

 THE MATHEMATIC MODEL OF THE GPS SIMULATOR 



   According to the expression (5), a mathematic model of the twelve-channel digital modulated 
GPS simulator can be set up based on the idea of “software radio”, as shown in Fig.2.  
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Fig.2 The mathematic model of the twelve-channel GPS simulator 

   
   In the next paragraph, one channel of this mathematic model will be discussed in detail. Firstly, 
the base band signal generated by computer (or DSP) is modulated by digital carrier wave, which is at 
frequency f1=4.58MHz.Based on the sample theorem, the system sample frequency fs should be 
greater than 2f1=9.16MHz. With provision of the factors of hardware design, 20MHz is selected as 
the system sample frequency. With the relative motion from the GPS receiver to the GPS satellites 
considered, the center frequency must plus the doppler frequency shift 
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where c=the speed of light 
v=the relative velocity between the satellite and the GPS receiver. 

When the satellite is close to the receiver,“�”is chosen; when the satellite is far away from the 
receiver, “-”is chosen. The modulated signal S1

i(n) is given by 
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Because the frequency spectrum of the D/A conversion is like the shape of the function (sinx/x), if the 
signal S1

i(n) is D/A converted directly, only the signal whose carrier wave is less than fs/2=10MHz 
can be gotten, or else the signal would be attenuated and have the nonlinear changes, as shown in 
Fig.3. 
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Fig.3 The frequency spectrum of the signal before interpolation 
 
In the idea of “software radio”, the IF or RF signal is expected to generate directly after D/A 

conversion, in order to reduce the difficulties of the hardware design and make the best of the 
adaptability of the software design. The applying of the interpolation theory will make it possible to 



generate higher frequency signals by using lower sample frequency to meet the need of CPU or 
FPGA's operational speed. If three zeros interpolated between every two sample points of the signal 
S1

i(t), the signal after interpolation is S4
i(t). Then the sample speed is still fs=20MHz, but the speed of 

the D/A conversion becomes fs´=4fs=80MHz. 
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Fig.4 The frequency spectrum of the signal after interpolation 

    
As shown in Fig.4,the frequency spectrum of the signal after interpolation includes not only the 

base band signal but also the “enantiomorphous frequency ramifications” of the signal which in the 
frequency band [(m-1)fs/2�mfs/2](m=1,2,3,4). The frequency spectrum structure of all of these 
“enantiomorphous frequency ramifications” is the same as the base band signal except the center 
frequency. So if the filter’s center frequency is selected as f20�40-4.58�35.42MHz and its bandwidth 
selected as fB� [2max(f1d,f2d,…f12d)+2.046MHz], the filtered signal’s center frequency will be 
f2=(f20+fid), as shown in the following expression: 
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  After mixing with the carrier wave at the frequency 1540MHz, filtered by the band pass filter whose 
center frequency is fL1 and properly attenuation, the final GPS simulated signal will be gotten, as 
shown in the expression (4). 
    

This mathematic model has been emulated through the SystemView software. In the simulation 
analysis, the 32 bits NCO is selected to generate digital carrier wave, 14 bits D/A conversion turning 
the digital signal to the analog signal and 5-order elliptic filter band passing the analog signal. The 
signals before IF filtering and after IF filtering are shown in Fig .5 and Fig. 6.  That the 
Spurious-Free Dynamic Range (SFDR) of the signal in Fig.6 is greater than 55dB demonstrates the 
feasibility of the mathematic model. 
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Fig.5 The emulated result of the signal before IF filtering 
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Fig.6 The emulated result of the IF signal 

 
 

THE HARDWARE DISIGN OF THE GPS SIMULATOR 
GPS signal simulator’s main parameters are the visible satellites’ number i (i=1,2…12), the 

signals’ traveling timeτ i� the signals’ doppler frequency shift fid and amplitude Ai. All these 
parameters must be calculated in real time, so the system is made up of a computer and a PCI cards to 
meet the need of high calculation speed and the large amount of data processing.  

 
The computer calculates all the parameters in real time. The PCI card produces the GPS 

simulating signals. It includes a DSP�FPGA�D/A�filter and a RF module, etc. The DSP generates the 
visible satellites’ C/A codes by looking for the table, and using these codes to modulate the navigation 
data. The FPGA offers required frequency digital carrier waves by the means of DDS (direct-digital 
frequency synthesis),and achieves the facilities of BPSK modulation, signals’ time delay, twelve 
channels’ signals synthesis and four times zero interpolation. After D/A transformation and filtering, 
the IF signal is produced. RF GPS simulating signal will be achieved by two-step up-conversion. The 
structure of PCI card is shown in Fig.7. 
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CONCLUSIONS 
 This scheme makes the D/A transformation approach the antenna as near as possible and 
synthesizes twelve channel signals in the digital part, so that there is little time delay error among 
different channels. In the same time, the computer and FPGA complete the great mass of functions by 
software design, such as working frequency, modulation types, data formats and communication 
protocols, etc, with the result that hardware design is much easier, function design more flexible, cost 
lower and development cycle much shorter.  
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