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ABSTRACT
Global positioning system (GPS) is a satellite based navigation system, which is developed by the Department of
Defense (DOD) USA. GPS provides 3D position, velocity and time in all weather conditions. GPS position accuracy is
limited by several error sources such as satellite ephemeris,

multipath effect, clock inaccuracies, ionospheric &

tropospheric errors and relativistic errors. Among them, the ionospheric error is the predominant one. Ionospheric
scintillation are major concern for high positional accuracy applications over the equatorial region .Ionospheric scintillation
is low frequency, random perturbations of the amplitude and/or phase of the carrier and code signals caused by very small
irregularity structures in the ionosphere. In this paper, ionospheric scintillations are analyzed using the data of dual
frequency GPS receiver, which is located at K L University. The preliminary results would be useful for developing
now/forecasting ionospheric scintillation model over low latitude region.
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INTRODUCTION
Small-Scale Irregularities in the Electron Content of Ionosphere, With Spatial Extents from a Few Meters to a
Few Kilometers, can produce both Refraction and Diffraction Effects on Receiving GPS Signals. Refraction Changes the
Direction and Speed of Propagation of an Electromagnetic Wave While Preserving the Phase of the Wave Front.
Diffraction, on the Other Hand, Results in the Wave Front Becoming Irregular, through Mutual Interference, Give
Rise to Temporal Fluctuations in the amplitude and phase of the received signal. Fluctuations due to either effect are called
scintillations (Wanninger et.al, 1993).
A radio wave traversing ionospheric irregularities consisting of unstable plasma waves or small-scale electron
density gradients will experience phase and amplitude fluctuations.
Scintillations extend to 300 on either side of the earth’s magnetic equator with the strongest effects at
approximately 100 N and S. There is a clear diurnal variation: scintillations occur between sunset and midnight, and
occasionally continue until dawn.
In addition, there is a seasonal dependence in the longitude band stretching from the America to India, the effects
are strongest during September and March (Wanninger, et.al 1993). From April through August, there is only a minor
chance of significant scintillations in this region.
In this paper data of GPS receiver located at K L university is used for studying ionospheric scintillation
characteristics. The receiver was installed on 16th Oct, 2012. GPS specifications are shown in Table.1.
A snap shot of GPS constellation is shown in fig.1. Eleven GPS satellites and six GLONASS satellites are visible
on 17th Oct2012 at 15.26 pm
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Table 1: GPS Receiver Specifications
S.No

Specification

Description

1

Make

Novatel

2

Model

GPS sation6

3
4
5

Number of channels
Tracking satellites
Receiver PositionLatitude
Longitude
Altitude

120
GPS GLONASS
16.440N
80.620E
49.60m

Figure 1: Snap Shot of GPS Constellation

IONOSPHERIC SCINTILLATIONS
Scintillations are variations of amplitude, phase, polarization and angle of arrival produced when radio waves pass
through electron density irregularities in the ionosphere (CCIR- 1992).
These phenomena are produced by either one of the following types of irregularities:
•

Sufficiently high electron density fluctuations at scale sizes comparable to the Fresnel zone dimension of the
propagation path, or

•

Sharp gradients of ambient electron density, especially in the direction transverse to the direction of
propagation.

Small-scale ionospheric disturbances which have a few hundred meter scale sizes may cause phase and amplitude
scintillations of the received GPS signal. In case of phase scintillations a sudden change in the phase occurs.
In the case of amplitude scintillations degradation of the signal strength or even a loss-of-lock may occur (Conker et
al., 2002).
Scintillation effects are more severe during solar maximum years and in periods of heavy geomagnetic storms,
mainly in equatorial and auroral regions.
Amplitude Scintillations
The strength of amplitude scintillation is given by the S4 index, defined as the root mean square of the variance of
received power P divided by the mean value of the received power P (Bernhardtt et al, 2000).
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S4 =
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Where < > represents the average values.
Phase Scintillations
Phase scintillation is the standard deviation of the signal phase over a given time interval. It is quantified
by σ which is given by

σ = var(φ )

(2)

Where ϕ is the signal phase
Phase scintillation occurs predominantly on the dayside in the cusp and in the night side auroral oval.

RESULTS AND DISCUSSIONS
Data from GPS station located at K L University (16.44° N, 80.62° E) are considered for the analysis. The GPS
data parameters such as GPS week, seconds of week, PRN (Pseudo Random Noise) number, elevation angle, azimuth angle,
C/N0, S4, Phase scintillation index and TEC values are extracted from the GPS data. The scintillation index variations and
other corresponding parameters such as elevation, phase scintillation and C/No with respect to GPS time (seconds of week)
of satellite PRN No.11 on 17th Oct, 2012 are presented in Fig.2. From the figure, it can be seen that the maximum S4 values
occurred at 22:43Hrs local time (321180s). At that time, TEC and Phase scintillation values are decreased, which is evident
of strong scintillation. The intensity (S4 index) of the scintillation activity is stronger around the equatorial ionization
anomaly (EIA) region in India.Fig.3 shows variation of TEC observed at K L University on 17th Oct, 2012 for the same
satellite PRN No.11.From the Fig.3 It is evident that TEC values are decreased during the scintillation. Due to limited data
availability, a typical scintillation event is analyzed. The data is being recorded continuously at this location. The intense
scintillation events will be identified and analyzed with respect to loss of lock and number of visible satellites.

CONCLUSIONS
Ionospheric scintillations over low latitude region plays crucial role in the performance of satellite based
communications and navigation systems. In this paper, an ionospheric scintillation event result observed at K L University
is presented. The probability of occurrences of such scintillation events will be analyzed. The outcome of the research work
is useful for understanding the morphology of GPS ionospheric scintillation and in turn, it would be helpful for
communication and navigation systems.
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Figure 2: Ionospheric Parameters of PRN No. 11 Satellite Observed at K L University
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Figure 3: TEC Variations of PRN No. 11 Satellite Observed at K L University
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