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Abstract 
Interference is one of the major concerns facing the global positioning system (GPS) in civilian and military applications. The 
carrier-to-noise density ratio (C/No) is an important parameter which describes the GPS receiver performance.  
In this paper the post-correlation C/No for the GPS L1 coarse acquisition (C/A) signal is analytically derived in the presence of 
additive white Gaussian noise (AWGN), and different interference signals such as, continuous wave interference (CWI), and 
matched spectrum interference (MSI). Computer base simulations have been employed in order to develop the simulation model 
for the GPS correlator. The agreement between theoretical and simulation results supports the validity of the derived analytical 
formulas. 
A new parameter called the probability of interference effect is presented, and used to assess the impact of interference on GPS 
receiver performance. It's shown that when the GPS receiver has a long integration time, the CWI and MSI have low probability 
of interference effect. In order to achieve a high probability of interference effect even in low interference power, the multi 
continuous wave interference (MCWI) and multi matched spectrum interference (MMSI) are suggested. 
 
Keywords: interference signals, GPS receiver, carrier to noise ratio, probability of interference effect. 

1. INTRODUCTION 
Global positioning system (GPS) becomes the most widely used navigation system in automobile navigation, personal 
navigation, defense applications, and timing applications[1]. GPS provides valuable information such as user position, 
velocity, and time, by processing the signals transmitted by the satellites[2]. 
The interference signals can be considered as one of the most disruptive events in the operation of a GPS receiver, as the 
interference signals affect the operation of the automatic gain control (AGC) and the low noise amplifier (LNA) in the RF 
front-end[2], along with the acquisition and carrier-code tracking loops are also affected [3]. 
The interference effect on GPS system has already been addressed by many researchers. Betz, J. W, et al[1, 4] estimate 
the effect of interference on the carrier to noise ratio (C/No), under the assumptions of continuous spectral density 
functions for the GPS and interference signal, where the Doppler frequency is ignored. 
In [5] the effect of continuous wave interference (CWI) on the carrier phase error was studied, and the effects of Doppler 
frequency and integration duration time were both considered. In [6]  the effects of three different types of interference: 
CWI, pulse CW and swept CW were studied on the C/No of the received GPS signal. 
In this paper the post-correlation carrier to noise density ratio C/No in the presence of continuous wave interference 
(CWI), or the matched spectrum interference (MSI) is investigated. A new parameter called the probability of interference 
effect (PIE) is presented, and used to assess the impact of interference on the GPS receiver performance. 
This paper is organized as follows. Section II discusses the correlation process in the GPS receiver, and the mathematical 
model for the satellite GPS and the interference signals correlator output power is presented. The post-correlation C/No in 
the presence of CWI or MSI signals is derived in section III. In section IV, a set of simulation results is presented for the 
post-correlation C/No in the presence of interference, and compared with the mathematical expressions results. In section 
V, the probability of interference effect is presented, to assess the interference impact on GPS receiver performance. In 
section VI , the multi continues wave interference (MCWI) and multi matched spectrum interference  (MMSI) are 
proposed and evaluated in terms of the PIE. Section VII concludes the paper. 

2. THE CORRELATOR OUTPUT POWER 
The correlator output power can be consider as the key quantity for estimating C/No. In this section, mathematical 
expressions for the GPS receiver correlator output power are evaluated under the impact of CWI, and MSI.  
The received signal via the GPS receiver antenna can be written as 

 (1) 

where  is the received satellite GPS signal,  is the receiver thermal noise, and  is the in band 
interference at the receiver input. 
The GPS receiver front-end block diagram is shown in Figure 11. 
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Figure 11: GPS receiver front-end block diagram[7] 

 
The received signal is downconverted and filtered by the receiver front-end (the front end bandwidth is assumed wide 
enough to pass essentially all of the satellite and interference signal power). Then the received signal is sampled with 
sampling frequency , and quantized (the quantization error is not considered) by an analog to digital converter 
(ADC).  
The signal at the input of the correlator can be written as 

 (2) 

In the correlator local replicas of the C/A code, and reference carrier frequency are generated and multiplied by the input 
signal . The resulting signals are then coherently integrated within an integration time , where  is the 
number of samples in the integration time. In order to obtain the correlator output power, the correlator output amplitude 
is squared. 
Figure 12 shows a block diagram of the correlation process. 

 
Figure 12: The correlator block diagram in the GPS receiver [8] 

2.1 The GPS signal power at the correlator output 
Let us first consider the scenario in which the correlator output power is analyzed for the GPS satellite signal without 
including the effect of interference and noise. 
The GPS signal can be written as[9]  

 (3) 
where  is the GPS signal power,  is  the navigation data,  is the satellite C/A code, is the satellite GPS 
signal frequency, and is the carrier phase 
The correlator output power for the GPS signal can be written as 

 

 
(4) 

where is the difference between the satellite GPS signal frequency and the receiver reference signal 
frequency, is the phase error, and  is the code phase estimation error. 
the mathematical expression for the GPS signal power at the correlator output can be written as 

 (5) 
where is the C/A code normalized auto-correlation function. 

2.2 The CWI power at the correlator output 
In this section the contribution of the CWI in the correlator output is analyzed. The spectrum of the reference GPS and 
CWI signal is shown in figure 3 
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Figure 13: The reference GPS and CWI signal spectrum. 

The CWI signal at the input of correlator can be modeled as 

 (6) 
where  is the interference signal power,  is the CWI frequency at the input of the correlator, and  are the interference 
phase. 
the correlator output power for the CWI signal can be written as 

 

 
(7) 

where the interference frequency error  is the difference between the interference frequency  and the receiver 
reference carrier frequency . 
The GPS C/A code is a gold code sequence with a relative short period of =1ms[1]. Therefore, the C/A code consists of 
spectral lines with lines apart equal to , 
The periodic code can be written as 

 

 
(8) 

where is considered as the Fourier series coefficients of the  code, and  is the number of samples in the 
C/A code period. 
The CWI power at the correlator output can be written as 

 

 
(9) 

From figure 3, the interference frequency error , where  is the frequency difference between the 

CWI signal and the reference signal as integer multiple of reciprocal of the C/A period (multiple integer number of KHz), 
and is the difference between the interference frequency and the nearest spectral-line in the reference signal spectrum. 
The mathematical expression for the CWI power at the correlator output can be written as 

 

 
 (10) 

The CWI power at the correlator output has a value near zero when . 
Finally the mathematical expression for the CWI power at the correlator output can be written as 

 
(11) 

where  is the amplitude of the C/A code spectral-line number . The CWI effect is corresponding to , and the 
maximum effect on GPS receiver is gained when  be equal to number of the longest C/A code spectral-lines. 

2.3 The MSI power at the correlator output 
The MSI uses the same GPS signal code, modulation, and chipping rate, where in this approach the interference has the 
same spectral characteristics as the GPS signal transmitted by the satellite system [2].  
The reference GPS and MSI signal spectrum is shown in Figure4. 
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Figure14:The reference GPS and MSI signal spectrum. 

 
The MSI at the input of the correlator is defined as 

 (12) 
where is the MSI power,  is the MSI C/A spreading code,  and  are the interference frequency and phase, 
respectively. 
the correlator output power for the MSI signal is written as 

 

 
(13) 

The product of the two Gold codes (the MSI C/A spreading code  and the GPS receiver reference code ) 
in the correlator yields another code call a cross-correlation sequence(CCS) , which is no longer a Gold code yet, it 
has the same period. 
Then the correlator output power for the MSI signal is written as  

 

 
(14) 

The periodic cross-correlation sequence  can be written as 

 

 
(15) 

where is the normalized Fourier series coefficients of the CCS. then the MSI power at the correlator output can be 
written as 

 

 
(16) 

The MSI power at the correlator output has a value near zero when , finally the mathematical expression for the 
MSI power at the correlator output can be written as 

 
(17) 

The MSI effect depends on the amplitude of the CCS spectral-line number  .  

3. THE CARRIER TO NOISE RATIO IN THE PRESENCE OF INTERFERENCE 
The C/No estimate is important, because it assess or predict the receiver performance under the impact of interference 
signals. The interference effectively raises the noise floor in the correlator output causing a drop in the C/No. The post-
correlation C/No in the presence of interference can be expressed as 

 
(18) 

where  is the GPS signal power at the correlator output,  is the correlator output power for the interference signal, 
and  is the noise power spectral density. 
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3.1 Presence of CWI 
The post-correlation C/No in the presence of CWI assess the impact of CWI on the GPS receiver performance, 
substituting equation (11) into (18) yields the expression for post-correlation C/No in the presence of CWI  

 

 
(19) 
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Error! Reference source not found., depicts satellite 1 C/A code spectral-line amplitude (  ). 

 
It can be seen that, the C/A code spectral consists of lines with line apart equal to 1KHz, and this spectral-lines have 
different amplitude, which is corresponding to the C/A number. 
In Figure 15, the post-correlation C/No is calculated in the presence of CWI, when the interference frequency error is 
changing from 0 to 20 KHz. 
It can be seen that, as a CWI crosses the 1kHz spectral-lines of a GPS C/A code there are drops in the C/No, the drop of a 
C/No value is mainly dependent on the amplitude of the C/A spectral-line . 
Error! Reference source not found.-a and Error! Reference source not found.-b are focused on one trough of C/No, 
when the integration time equals to 20ms and 10ms respectively. 
It can be seen that, inverted sinc functions occurs around each trough, and the width of each sinc function is related to the 
integration time and equals to .  
Note that, the CWI has a significant effect and it attenuates the receiver performance, when the difference between the 
interference frequency and the GPS signal spectral lines  is less than the reciprocal of the integration time. In other 
case, if the  is more than the reciprocal of the integration time, the CWI needs very high power to effect the GPS 
receiver performance. 
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Figure 15: The C/No in the presence of CWI. 

 

 
                  (a)                                                                      (b) 

Figure 16. One of the troughs in C/No. 
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Since the Doppler shifts can be different for each satellite, the signal for one satellite in view may be affected by the CWI, 
while others are not. If the falsely locked satellite is used in the position solution in the lack of redundancy, misleading or 
hazardous information may result. 
Two important parameters can influence the impact of the CWI on the correlator outputs: the coherent integration time 
and the interference frequency error. The integration time conditions the width of the weighting sinc function. A long 
integration time will limit the CWI influence zone around each spectrum line. If the integration time was infinitely long, 
the CWI would really have an influence only when exactly superposing with the GPS signal spectrum line and the GPS 
receiver will be much more immune against CWI. 
In the 20 ms coherent integration time scenario, it can be seen that about 10% of the Doppler frequencies are affected by 
the CWI, and 90% of the Doppler frequency the GPS can withstand the impact of CWI signal[10]. 
Due to the speed of a GPS satellite relative to the receiver, the GPS carrier frequency experiences a Doppler shift between 
-5kHz and +5kHz, the average rate of change is  [7]. With a fixed interference frequency the spectral-
line will coincide only temporarily with the interference frequency.  
In the general case, different GPS satellites have different Doppler frequency. In that case the only one satellite at a time 
is affected by CWI. If the required redundancy of available satellites is achieved, the effected satellites not used in position 
calculation, and the GPS receiver can acquire enough satellite to calculate its position. 
In [11] the number of available satellite in presence of CWI over 24 hour is studied, the satellite visibility with and 
without CWI shown in Figure 17.  

 
Figure 17: the satellite visibility with and without CWI shown [11]. 

It can be seen that, in the presence of CWI the number of available satellites is more than three satellites, and the GPS 
receiver can effectively determine its position. 

3.2 Presence of MSI 
In the previous section the correlator output power for MSI is shown in equation (17), substituting it in equation (18), the 
post-correlation C/No in the presence of MSI can be expressed as 

 

 
(20) 

Error! Reference source not found. depicts the amplitude of the cross correlation sequence spectral-line, when code 
phase shift between satellite and interference code  sample. 
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Figure 18: The cross-correlation sequence spectral-line amplitude  

 
The CCS has the same period of C/A code (1ms). Therefore, its spectral consists of lines with lines apart equal to 1KHz. 
Error! Reference source not found. depicts the C/No in the presence of MSI when interference frequency error is 
changing from 0 to 20 kHz. 
It was shown that, when the MSI spectral-lines crosses the GPS signal spectral-lines there are drops in the C/No, the drop 
of a C/No value is mainly dependent on the amplitude of the CCS spectral-line number . 
The MSI has an effect on the GPS receiver performance only when the difference between the MSI spectral-lines and the 
GPS signal spectral lines is less than the reciprocal of the integration time. 
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To this end; the MSI can generally effect one satellite, and when the GPS receiver has a long integration time, the MSI or 
the CWI can't prevent the GPS receiver from determining its position.  

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
x 104

15

20

25

30

35

40

45

Frequency [Hz]

 c
/n

 (d
B)

 

 

 
Figure 19: The C/No in the presence of MSI 

4. SIMULATION RESULTS  
This section introduces a simulation model (A computer based simulation using MATLAB 2010) for the GPS receiver 
correlator. The carrier to noise ratio C/No at the correlator output is evaluated and calculated at different frequency shifts 
in order to investigate the interference impact.  
The GPS and the interference signals are generated at the intermediate frequency (IF), and added before the correlator, 
this has the advantage of disabling all of the effect of the front-end bandwidth. 
The simulated results are compared with the analytical results using the same parameters. 
The simulation parameters are shown in Table I. 
 

Table I: The simulation parameters. 
Parameters Value 
Sampling frequency 

 

Intermediate frequency 
 

C/A Code length 1023 chip 
The satellite number Sat-num=1 
Integration time ms 
GPS satellite signal power 

 

Noise power density  
 

Code phase estimation error 
 

Carrier frequency estimation error 
 

CWI,  MSI, power 
 

 
The post-correlation C/No in the presence of CWI is shown in formula (19), and  compared with the simulation result, 
where the interference frequency error is changed from 15 to 23 kHz, as shown in Error! Reference source not 
found., where it can be seen that, the simulation and analytical result are in a good match. 
Error! Reference source not found. shows that the simulation results for the C/No in the presence of CWI are closed to 
the analytical result in equation (19). 
The simulation and analytical results of the post-correlation C/No in the presence of MSI are depicted in Error! 
Reference source not found. , where is changed from 15 to 23 kHz, and the code delay  samples. 
It can be seen that, the agreement between the simulation and the analytical results support the validity of the derived 
theoretical formula. 
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Figure 20: The C/No in the presence of CWI. 
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Figure21: The C/No in the presence of MSI. 

 

5. THE PROBABILITY OF INTERFERENCE EFFECT  
The interference signal can efficiently effected the GPS receiver when the post-correlation C/No is below a certain 
threshold. If the , the tracking loops work normally and the GPS receiver does not provide 
abnormal measurements[12]. Yet, if the  :a loss of lock in tracking loops is possible, and it is 
necessary to initiate reacquisition[12]. The regarded threshold level is the minimum C/No that a GPS receiver tracking 
loop can handle, and the threshold value is depends on the GPS receiver specifications [13]. 
In this paper a new parameter called the probability of interference effect (PIE) is presented. This parameter can be 
defined as the probability of having a significant drop in the C/No to be less than a specific threshold. 
The PIE is used to assess the impact of interference, and to compare between different types of interference signals, and to 
determine the most effective interference type that has the ability to degrade the GPS receiver performance. 
The PIE can be written as 

 

(21) 
 

where N is the number of troughs crossed by the threshold,  is the width of the trough number  on the threshold level, 
 is the interference frequency error rang. 

The PIE value depends on the GPS receiver coherent integration time. Figure22 depicts the PIE in the presence of CWI, 
when the threshold level , and the coherent integration time is changing from 1 to 20 msec. 
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Figure22: the probability of interference effect at varies integration time. 

It can be seen that, by increasing the integration time, the trough width on the specific threshold level decreases, and the 
PIE decreases too.   
The effect of CWI and MSI power on the PIE are studied, where Error! Reference source not found.-a and Error! 
Reference source not found.-b depict the PIE for CWI and MSI respectively, where the interference to GPS signal power 
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ratio is changing from , and the integration time , and the threshold level 
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                                                   (a)                                                                             (b) 

Figure 23 The probability of interference effect at varies interference power. 
 

It can be seen that, the relationship between the PIE and the interference power is not linear, because the relationship 
between the trough width on the threshold level and the CWI power is not linear too. The trough width on the threshold 
level doesn’t change significantly with respect to the CWI power.  
From previous it can be concluded that, increasing the interference power is not the optimum method to increase the PEI 
value. In order to increase the PEI value multi interference signals need to be generated, and that will be discussed in the 
next section.  

6. MULTI INTERFERENCE SIGNALS  
In the previous sections it was shown that, when the GPS receiver has a long integration time, the CWI and the MSI have 
a low PIE, and increasing the interference power does not have a significant effect on the PIE value. 
In order to increase the PIE value, and efficiently effects more than one satellite instantaneously, multi interference 
signals are proposed. The frequency spacing,  should be equal to the width of the sinc functions which occur 

around each trough. To cover all the frequency range between the C/No trough, the number of the carrier should be equal 
to . 

The multi CWI (MCWI) signal can be modeled as 

 

 
(22) 

where  is the interference signal power, is the interference frequency, and  is the interference phase. 
The multi MSI (MMSI) signal can be modeled as 

 

 
(23) 

where is the MSI spreading code. 
The MCWI and MMSI block diagrams are shown in Error! Reference source not found.-a and Error! Reference 

source not found.-b respectively. 

          
                                                          (a)                                              (b) 

Figure 24 The block diagram for multi interference generator. 
This kind of interference needs the knowledge of the GPS receiver integration time. In the case when the integration time 

 ,the number of the CWI equals to  with frequency spacing equals to . 
Error! Reference source not found. and Error! Reference source not found. depict the C/No in the presence of MCWI 
and MMSI respectively, when the interference frequency error is changing from 0 to 20kHz. 
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Figure 25: The C/No in the presence of MCWI. 
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Figure 26: The C/No in the presence of MMSI. 

In these figures , it can be seen that, in the presence of either MCWI or MMSI, the C/No stays below the threshold level 
for a wide range of interference frequency error, in comparison with the single CWI or MSI, and the PIE value is 
increased. 
The PIE value for MCWI and MMSI, is shown in Error! Reference source not found. and figure 19, respectively, where 
the interference to GPS signal power ratio is changing from , the integration time , and 

threshold level equals to . 
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Figure 27: The probability of interference effect at varies MCWI power. 
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Figure 28: The probability of interference effect at varies MMSI power. 

 
It can be seen that, the PIE has a high value even in low MCWI and MMSI power. 
From previously it can be concluded that, the MCWI and MMSI  outperform either CWI or MSI on its ability to degrade 
the GPS receiver performance. 

7. CONCLUSION 
In this paper the post-correlation C/No for the GPS signal is investigated, in the presence of CWI, and MSI. It was shown 
that, when the CWI crosses the spectral-lines of a GPS signal there were drops in the C/No, the drop of the C/No value 
was mainly dependent on the amplitude of the C/A spectral-line. 
The inverted Sinc function occurring around each trough in the C/No curve, and the Sinc function width were related to 
the integration time. 
The drops in the C/No in the presence of MSI was dependent on the amplitude of the CCS spectral-line, and the drop 
occurred when the MSI spectral-lines cross the GPS signal spectral-lines. 
When the GPS receiver coherent integration time increases and takes value more than 1ms, the GPS receiver will be more 
immune against CWI and MSI.  
A new parameter called the probability of interference effect was presented. The probability of interference effect was 
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used to assess the impact of interference, and to compare between different types of interference signals. 
When the GPS receiver has a long integration time, CWI and MSI have a low probability of interference effect, and  
increasing the interference power did not achieve a significant effect on the PIE value. In order to increase the PEI value 
even in a low interference power, along with being able to effect more than one satellite simultaneously, the MCWI and 
MMSI were proposed, with frequency spacing appropriate to the integration time. 
 
References 
[1.] Spilker.J and Natali.F, Eds., Global Positioning System: Theory and Applications. Washington DC: American 

Institute of Aeronautics and Astronautics, Inc, 1996. 
[2.] D. Kaplan and H. J. Christopher, Eds., Understanding GPS Principles and Applications ARTECH HOUSE, 2006. 
[3.] D. Borio, "A Statistical Theory for GNSS Signal Acquisition," Doctor of Philosophy, POLITECNICO DI TORINO, 

2008. 
[4.] J. W. Betz, "Effect of Partial-Band Interference on Receiver Estimation of C/N0: Theory," Institute of Navigation, 

Long Beach, CA, p. 872—881, 2001. 
[5.] A. T. Balaei, et al., "Characterization of interference effects on GPS signal carrier phase error," Melbourne:The 

national biennial Conference of the Spatial Science Institute, 2005. 
[6.] A. T. Balaei, et al., "Characterization of the effects of CW and pulse CW interference on the GPS signal quality," 

IEEE Transaction On Aerospace And Electronic Systems vol. 45, 4 OCTOBER 2009. 
[7.] J. Bao and Y.Tsui, Eds., Fundamentals of Global Positioning System Receivers: A Software Approach. A JOHN 

WILEY & SONS, INC, 2005. 
[8.] D. Borio, "GNSS Acquisition in Presence of Continuous Wave Interference," IEEE Transaction On Aerospace And 

Electronic Systems vol. 46, NO. 1, 2010. 
[9.] S. M. Deshpande, "Study of Interference Effects on GPS Signal Acquisition," MASTER OF SCIENCE, Geomatics 

Engineering, UNIVERSITY OF CALGARY, 2004. 
[10.] J. JANG, et al., "CW Interference Effects on Tracking Performance of GNSS Receivers," IEEE Transaction On 

Aerospace And Electronic Systems vol. 48, JANUARY 2012. 
[11.] A. T. Balaei, et al., "Application of Post-Correlation Interference Detection and Characterization of the GPS 

Receivers in the Receiver Reconfigurability," IGNSS, p. 49, July 2006. 
[12.] A. Martineau, "Performance of Receiver Autonomous Integrity Monitoring (RAIM) for Vertically Guided 

Approaches," PHD, institute National Polytechnique de Toulouse, 14 Novembre 2008. 
[13.] A. T. Balaei and B. Motella, "Satellite exclusion zone in the presence of CW interference," ENC-GNSS Geneva, 

Switzerland, 2007. 
 
 
 
 
 
 
 
 
 
 
 


