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Abstract. This article presents experimental data on temporal changes in the level and 
phase of GPS signals as well as the results of their statistical processing. For the first 
time, correlations between the time correlation interval of the received radio signal 
level, flicker index and the time of its observation are reflected. For the first time, it 
has been shown experimentally that there is an inverse relationship between the 
correlation interval and the scintillation index. In addition, the frequency of changes in 
the signal level with oscillation frequencies on the order of hertz fractions is indicated. 
This information complements the results of the static processing of recommendations 
ITU-R P.531-13 and can be used to improve the efficiency of quasi-coherent 
processing of satellite signals. 
 

1.  Introduction 
The effectiveness of satellite global radio navigation systems is determined by the ratio of useful radio 
signal energy to the noise power and the degree of its distortion due to the scattering and reflection of 
radio waves by the external medium. The ionosphere, troposphere, terrain topography and underlying 
surface shall be understood as the outer environment of the "satellite-earth" radio path.  

The effect of radio signals distortion by the propagation medium on the efficiency of the satellite 
radio systems operation can be reduced by optimal processing of the received signals. Optimal 
location algorithms are based on an a priori knowledge of the statistical properties of the medium or 
interference that distort signals. Thus, distortions of the received radio signals of GPS satellites appear 
in amplitude and phase scintillations and the amplitude flicker is described by the Nakagami law as 
well as the phase scintillations are described by the normal distribution law [1]. At low intensities, the 
phase and amplitude scintillations turn out to be strictly correlated [1]. However, the data on the 
intensity of the amplitude and phase scintillations of the radio signals given in the recommendation [1] 
are insufficient. This paper reflects the results of the processing of experimental data on the signals of 
the satellite global GPS navigation system complementing the results of recommendation [1] 
regarding statistical characteristics of temporal fluctuations in level and phase. 
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The objective of the article is to reflect the statistical characteristics of the amplitude and phase 
fluctuations of radio signals for the global satellite radio navigation system GPS which are obtained 
from literature data. 

The initial data for estimating the statistical characteristics of the amplitude and phase fluctuations 
of the radio signals were the time dependences of the signal and phase level with a description of the 
conditions for obtaining them reflected in the literature data. 

The statistical characteristics of fast fluctuations in the level and phase of the radio signal in this 
paper are understood to mean: standard deviation, span and correlation interval. As is known, the 
spread of the radio signal level is directly related to the scintillation index S4 [1]. 
 
2.  Results of experimental data processing. 
Statistical data such as the amplitude and phase fluctuation dispersion, the time correlation interval of 
GPS signals are determined from the experimental data [2-16] using the formulas [17]. Examples of 
temporal realizations of the power level and the phase of the received GPS signal are shown in Figures 
1-3 [2]. Unfortunately, no detailed description of the measurement conditions for signals as well as the 
equipment used contained in many literature sources. 

 
Figure 1. Chart of dependence of the power level of the received GPS signals as a function of time [2] 

(red line (solid) - flicker signal, blue line (dot-dash) - signal without flicker) [2] 
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Figure 2.  Chart of the dependence of received 

GPS signal power level on time [2] 
Figure 3. Chart of the dependence of received 

GPS signal phase on time [2] 
Qualitative nature of the time dependences of signal and phase levels presented in the literature [2-

14] are significantly different. This is due to the different reception conditions of the navigation signal. 
In particular, the presence of local objects in the navigation receiver leads to a quasideterministic time 
dependence of the level and phase of the signal. 
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In this case, deep dips in the signal level and differences characteristic for interference fading are 
observed (Figures 1-3) due to interference fading of the signal [3]. 

In case of insignificant influence of the reflected signals by the underlying surface and local 
objects, deep dips shown in Figure 1 (the signal is separated by a dash-dot line) are absent as well as 
the level and phase of the signal chaotically vary with time. 

In the Figure 3 and 4 shows charts of the fluctuation spectrum amplitude and normalized 
autocorrelation function of the received GPS signal, respectively. 
 

  
Figure 4.  Amplitude fluctuation spectrum of the 

received GPS signal 
Figure 5. Normalized autocorrelation function of 

received GPS signal 
According to Figures 3 and 4, the level and spectral composition of the signal level time 

dependence contains harmonic components. The fundamental harmonic is observed at a frequency of 
about 0.13 Hz. This effect should be used for optimal digital signal processing. 

For convenience, the experimental data and estimates of statistical characteristics of the level and 
phase fluctuations of the navigation radio signal are presented in Tables 1, 2 and 3, respectively. These 
tables show: σE – standard deviation of level fluctuations, ∆E – amplitude range, T – GPS signal 
observation time, τkE and τkφ – intervals of time correlation of the radio signal level and phase, 
respectively. 
Table 1. Statistical characteristics of received navigation signals (signal level) 
 

№ T, s σE, dB ∆E, dB τkE, s S4 
1 60 3.71 22.70 1.38 0.30 
2 7 11.76 43.72 0.80 0.72 
3 7 5.66 21.89 0.71 0.44 
4 9 13.27 61.26 0.63 1.59 
5 9 6.72 30.74 0.72 0.77 
6 10 9.35 44.23 0.24 0.78 
7 10 5.34 29.47 0.28 0.47 
8 20 3.22 20.70 0.45 0.34 
9 20 3.12 19.21 0.48 0.34 
10 10 5.82 29.03 0.29 0.52 
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Table 2. Statistical characteristics of received navigation signals (signal level) 
 

№ T, s σE, dB ∆E, dB τkE, s S4 
11 60 4.89 29.89 0.50 0.52 
12 60 3.84 22.76 0.58 0.49 
13 60 1.57 5.91 2.75 0.18 
14 180 1.58 9.04 1.34 0.18 
15 180 3.85 15.55 8.15 0.40 
16 300 4.33 18.76 9.44 0.48 
17 300 3.70 17.08 5.39 0.39 
18 120 3.55 16.35 5.43 0.34 
19 50 6.15 31.02 1.32 0.53 
20 16 0.69 3.09 0.50 0.08 
21 7 0.15 0.52 0.30 0.02 
22 60 4.30 25.22 0.98 0.93 
23 60 3.59 17.99 0.26 0.71 
24 25 7.05 38.99 0.42 1.32 
25 60 4.44 25.20 1.21 0.93 
26 60 4.38 22.06 0.71 0.84 
27 60 4.78 21.74 0.54 0.83 
28 60 3.83 20.30 0.23 0.79 
29 60 5.58 32.15 1.68 1.13 
30 60 5.48 22.99 0.99 0.87 

 
Table 3. Statistical characteristics of received navigation signals (phase fluctuations) 
 

№ T, s σφ, rad ∆φ, rad τkφ, s 

1 7 1.47 1.5 0.58 

2 9 0.72 2.70 0.59 

3 60 0.71 4.50 1.11 
4 60 0.58 3.14 0.99 
5 60 1.59 8.05 1.67 
6 10 0.28 1.16 0.37 
7 10 0.50 1.91 1.25 
8 60 0.43 1.71 2.47 
9 60 0.33 1.38 2.03 
10 60 0.13 0.46 7.61 
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Figure 6. Chart of time interval dependence of 

(τkE) on observation time (T) 
Figure 7. Chart of scintillation index dependence 

(S4) on observation time (T) 
 
3.  Analysis of experimental data 
Figure 6 shows the dependence of the correlation time interval on the time of radio signals observation 
GPS τkE=f(T). The dashed line corresponds to the averaged characteristic. Analysis of the correlation 
coefficient RT,τkφ=-0.836 calculated from the formulas of [17] showed a strong direct link between the 
time interval of received radio signal correlation and the time of its observation. 

Figure 7 shows the dependence of radio signal level scintillation index on its observation time. The 
correlation coefficient is equal to RT,S4 = -0.217, therefore there is a weak feedback between the values 
of radio signal scintillation index and observation time. 

 
Figure 8. Chart of scintillation index dependence (S) on the time correlation interval (τkE) 

 
Figure 8 shows the dependence of the scintillation index on the time correlation interval. The 

correlation coefficient is RτkE,S4 = -0.235. Thus, there is a weak feedback between the values of the 
index of adio signal scintillation and the time correlation interval. 
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4.  Conclusions 
Based on the results of experimental data processing, the following conclusions can be made. For the 
literature data used, the following time statistical characteristics of fast fluctuations of the GPS 
navigation signal are typical (Table 4). 
 
Table 4. Statistical characteristics of GPS navigation signal 
 

 σE, dB ∆E, dB τkE, s S4 σφ, rad ∆φ, rad τkφ, s 

Min 0,15 0,52 0,23 0,02 0,13 0,46 0,37 

Mean 4,87 24,14 1,6 0,62 0,67 2,56 1,87 

Max 13,76 61,26 9,44 1,59 1,59 8,05 7,61 

 
Proposed results allow making the following conclusions. 

1. When observing the GPS signal from 7 to 300 seconds, the time correlation interval of the 
signal level τkE takes values in the range from 0.23 to 9.44 seconds with an average value of 1.6 
seconds. In this case, the root-mean-square fluctuations in the signal level take values in the range 
from 0.15 to 13.76 dB with an average value of 4.87 dB. The average range of the signal level ranges 
from 0.52 to 61.26 dB with an average value of 24.14 dB.  
2. For the time of GPS signal observation from 7 to 60 seconds, the time correlation interval of 
phase fluctuations τkφ takes values in the interval from 0.37 to 7.61 seconds with an average value of 
1.87 seconds. In this case, the mean-square fluctuations of the phase fluctuations take values in the 
range from 0.13 to 1.59 rad with an average value of 0.67 rad. The average range of phase fluctuations 
takes values in the range from 0.46 to 8.05 rad with an average value of 2.56 rad. 
3. Correlation analysis showed that between the time interval of correlation of the received 
radio signal level τkE and the time of its observation T there is a strong direct connection as well as 
weak feedback between the values of the scintillation index S4 of the radio signal level and the time of 
its observation T. 
 
5.  Acknowledgments. 
The reported study was funded by RFBR, according to research project No. 16-38-60091 mol_а_dk, 
and performed within the scope of State Assignment No. 8.7348.2017/8.9 of the Ministry of Education 
and Science in the chapter of the experimental results. 
 

References 
[1] Jayawardena T P, Ali A M 2014 Experimentally Recorded Amplitude and Phase Scintillation 

through a Spirent Simulator Proceedings of the 27th International Technical Meeting of The 
Satellite Division of the Institute of Navigation ed P Matteo (Tampa Florida)  pp 91–98 

[2] Joanna C H, Humphreys T E 2008 GPS Receiver Robustness to Ionospheric Scintillation 
Radionavigation Laboratory Conference Proceedings (Savannah) pp 1–12 

[3] Psiaki M L, Humphreys T E 2007 Tracking L1 C/A and L2C Signals through Ionospheric 
Scintillations Proceedings of the 20th International Technical Meeting of the Satellite Division 
of The Institute of Navigation (Fort Worth) pp 246–268 

[4] Beach T L, Baragona C A 2007 Quasiperiodic scintillation and data interpretation: 
Nongeophysical GPS amplitude fluctuations due to intersatellite interference  Radio science  42  
1–17 

[5] Moraes A, Perrella W J 2013 On the distribution of GPS signal amplitudes during low-latitude 
ionospheric scintillation GPS Solutions 17 499–510  

[6] Karasawa Y, Yasukawa K 1985 Ionospheric scintillation measurements at 1.5 GHz in mid-



IPDME2018

IOP Conf. Series: Earth and Environmental Science 194 (2018) 052017

IOP Publishing

doi:10.1088/1755-1315/194/5/052017

7

latitude region Radio Sciene 20-3 643–651 
[7] Seo J, Walter T 2009 Characteristics of deep GPS signal fading due to ionospheric scintillation 

for aviation receiver design Radio Science 44 3–13 
[8] Beniguel Y, Rorte B 2004 Scintillations effects on satellite to Earth links for telecommunication 

and navigation purposes Annals of Geophysics 47 1179–1199 
[9] Seo J Walter T 2011 Correlation of GPS signal fades due to ionospheric scintillation for 

aviation applications Science Direct 47 1777–1788 
[10] Kintrier H K 2001 Fading timescales associated with GPS signals and potential consequence 

Radio Science 4 731–743 
[11] Carrano C S, Hill C 2010 Temporal Decorrelation of GPS Satellite Signals due to Multiple 

Scattering from Ionospheric Irregularities 23rd International Technical Meeting of the Satellite 
Division of The Institute of Navigation (Portland, Oregon) chapter 21 pp 361–374 

[12] Babayev E S, Hashimov A M 2006 On Microwave Radio Scintillation Effects and Space 
Weather Impacts on Electric Power Supply Systems in Middle Latitudes Sun and Geosphere 1 
50–55 

[13] Kintner P M, Ledvina B M 2007 GPS and ionospheric scintillations Space weather 5 4–27 
[14] Anikin A S, 2016 Estimation of the small sized radio direction finder errors in case of scattered 

signals 17th International Conference of Young Specialists on Micro/Nanotechnologies and 
Electron Devices (Erlagol, Russia)  chapter 1 pp 61–63 

[15] Anikin A S, 2017 Modeling of RF signals passing through the near-ground trace with terrain 
relief reflections and troposphere scattering Journal of Physics: Conference Series 803 chapter 1 
pp 1–6 


