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Abstract
GAGAN system expected to give high precision positional 
accuracy to users. As India comes under low latitude region, there 
is a necessity to understand low latitude ionospheric characteristics 
in detail to provide ionospheric delay corrections. Integrity is one 
of the key performance evaluation parameters for GPS position 
estimation that can be enhanced by forecasting TEC variations 
along with the real time ionospheric corrections. TEC values are 
forecasted using Auto Regressive Moving Average (ARMA) 
model with the help of day to day and seasonal ionospheric 
variations and sudden atmospheric distributions like magnetic 
storms, inter-planetary forces. Dual frequency GPS receiver data 
of K L University, Vaddeswaram station (16.31° N, 80.37° E), 
India is considered for the analysis. GPS data during (5th January 
to 28th February, 2013) is extracted and vertical TEC values are 
estimated using the modified planer fit model. The AR coefficients 
are estimated using the variance, autoregressive method. Also, 
MA model coefficients are calculated using regression analysis. 
Combining both AR and MA models ARMA model with the order 
p = 2 and q = 4 is selected. The preliminary results show that ARMA 
model would be an effective tool for developing an early warning 
ionospheric disturbance system for GAGAN applications.
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I. Introduction
GPS (Global Positioning System) is a Global Navigation Satellite 
System (GNSS) composed of a flotilla of satellites, each of which 
makes two circuits around the Earth every 24 hours to provide 
3-Dimentional positioning with global coverage [1]. GPS errors 
can arise from inaccuracies in the estimate of satellite position 
and satellite clock correction, tropospheric, ionospheric effects, 
receiver noise. Stand alone GPS system can not meet the aviation 
precision approach requirements. Augmentation of GPS is 
necessary.  Satellite Based Augmentation Systems (SBAS) are 
used to improve the stand alone GPS system performance in terms 
of position accuracy, availability, integrity and continuity. SBAS 
developed across the India called as GAGAN (GPS Aided Geo 
Augmented Navigation), which is jointly planned by the Indian 
Space Research Organization (ISRO) and Airports Authority of 
India (AAI) [2].    
Within space weather framework, ionospheric Nowcasting and 
Forecasting, especially received much of the attention as the 
widely used systems, e.g. HF communication, Earth Observation 
and satellite positioning and navigation systems are influenced due 
to the ionospheric time delay error. Hence the determination of 
the ionospheric error is very important to provide the differential 
corrections for high precision GPS users [3]. While GPS signal 
travelling through the ionosphere, the carrier experiences a phase 
advance and code experiences group delay due to the Total 
Electron Content (TEC) from satellite to the receiver causing 
the degradation of the accuracy [4]. Indian master control station 
estimates the Ionospheric Grid Point (IGP) delays and transmits 

to the user by Geo Earth Orbit (GEO) satellites [5-6]. Also several 
Ionospheric models such as planr fit, Kriging, Inverse Distance 
Weighted (IDW), Spherical Harmonics Functions (SHF) and 
Minimum Mean Square Error (MMSE) models  are implemented 
for GAGAN [7-8].
TEC are varying with local time, season and solar activity has 
been studied extensively [9-11]. The high priority is given 
for the forecasting and modelling of the ionospheric response 
during geomagnetic storms for the reliable performance radio 
communications systems under geomagnetically disturbed 
conditions. Focusing on prediction of the ionosphere, different 
models are developed based on time series forecasting techniques 
such as the standard autocorrelation as well as auto-covariance, 
neural networks, International Reference Ionosphere (IRI) model, 
Auto Regressive Moving Average (ARMA) [12]. Among all 
these ARMA performs well in the prediction and also used in the 
applications such as biological, signal processing, medical fields 
and statistics fields.

II. ARMA Model
Auto Regressive Moving Average (ARMA) model is also called as 
Box-Jenkins(Named after two scientists George Box and Gwilym 
Jenkins). It is a statistical model used for prediction of future values 
based on past values of time series data. Time series of TEC data 
is defined as a collection of data in equal interval of time over 
a period of time. It is a stationary model whose data must have 
same mean and variance throughout the series of data. ARMA is 
appropriate when a system is a function of a series of unobserved 
shocks (the MA part) as well as its own behaviour. 
The mathematical equations of ARMA model can be written as 
[13],

   (1)
The estimated parameters will be used in time series data into 
the expression or AR model. The trend which must be similar to 
the estimated TEC trend or the original TEC trend is obtained. 
If the obtained TEC trend is not similar to desired trend then the 
order of matrix to get different no of parameters to p is varied. 
The above process is done till desire TEC trends obtained. As the 
order of the model increases the accuracy of the output will be 
reduced as more no of harmonics will be produced. The order of the 
parameters must be as low as possible so that accurate prediction 
can be achieved. Once the output has obtained the MA process 
begins to improve the quality of the output. Flowchart for ARMA 
technique implementation steps are given in fig. 1

III. Results and Discussion
The GPS data recorded at  K L University, Vaddeswaram GPS 
receiver (16.31° N, 80.37° E), India is considered for analysis. The 
processed GPS data contains nine key parameters such as  PRN 
number, latitude, longitude, GPS week number, GPS second of 
the week, azimuthal angle, elevation angle, slant TEC and vertical 
TEC. Planar fit ionospheric model is used to estimate vertical TEC 
values at station coordinates [14]. ARMA model is applied on GPS 
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data, which is in non-stationary. The mean is separated form it to 
become stationary. Then data of six months (5th January to 28th 
February) are observed for estimation. 
The original data used as training data and from that the prediction 
of next day is done and then it is compared with the available 
original data. The diurnal variations in TEC are as minimum in 
the predawn, maximum in the afternoon then decreasing gradually 
after sunset. 

A. January Data
Fig. 2 shows that in January month maximum VTEC values are 
about 30 TECU reaches a maximum TEC of 35 TECU. But on 
10th and 12th of January VTEC reaches to a maximum value of 
VTEC 50 and 55 TECU respectively at around 12:00LT. During 
each day the maximum of VTEC is different indicating high 
variability. Training data of 30 days are used to predict the 31st 
Jan, 2013 data. The prediction error is given varying between -4 
TECU to 4 TECU.

B. February Data  
Fig. 3 shows that in February month maximum VTEC values are 
about 38 to 52 TECU. It reaches a maximum TEC of 52 on 12th 
of February. During each day the maximum of VTEC is different 
indicating high TEC variability. Training data of 27 days are used 
to predict the last 28th Feb, 2013 data. The prediction error is 
given varying between -5 TECU to 5 TECU.

IV. Seasonal Variation of TEC
The TEC variations during different seasons recorded at K L 

University, Vaddeswaram. The observation period is divided into 
3 seasons. Winter (Jan, Feb), Equinox (Mar, Apr), and summer 
(May, June). Fig. 4 represents monthly mean of GPS VTEC values. 
From the above observations, it is evident that the VTEC values 
are high in equinoctial months than the VTEC values during winter 
and summer seasons. The seasonal variation of VTEC is directly 
controlled by thermospheric neutral compositions. During winter 
season VTEC varies from 35 TECU-55TECU, during equinox 
varies from 55 TECU-72

Fig. 1: Work Flow Chart for Implementing ARMA Model

Fig. 2: TEC Variations and Prediction Error for the Month of Jan, 2013 at KL University, Vaddeswaram, India

Fig. 3: TEC Variations and Prediction Error for the Month of Feb, 2013 at KL University, Vaddeswaram, India
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Fig. 4: Monthly Mean of VTEC Derived from GPS Receiver 
During the Period January to  June, 2013, at KL University, 
Vaddeswaram

V. Conclusion
ARMA Ionospheric forecasted model is a statistical technique of 
time series TEC data. AR and MA parameters are derived for the 
orders 2 and 4. It is evident from the results that ARMA model 
performs better prediction accuracy as compared to measured 
data.  More number of GPS stations data would be useful for 
developing ionospheric models for understanding low latitude 
ionosphere behavior.

VI. Acknowledgement
The above work has been carried out under the project entitled 
“Development of Ionospheric Forecasting models for Satellite 
based Navigation Systems over low latitude stations” sponsored 
by Department of Science and Technology, New Delhi, India, vide 
sanction letter No: SR/FTP/ETA- 0029/2012, dated: 08.05.2012. 
Authors are thankful to Dr. K.L.Narayana, Dean (R and D), 
KLU, Prof. Habibulla Khan, Dean(Student Affairs),KLU and 
Dr.K.Sarat Kumar, Professor, dept of ECE, KLU for their constant 
encouragement.

References
[1] Jules, G.; McNeff.,“The Global Positioning System”, IEEE 

Transactions on Microwave theory and techniques, Vol. 50,  
No. 3, March 2002.

[2] Suryanarayna Rao, K. N.,“GAGAN- The Indian satellite 
based augmentation system”, Indian  journal of Radio & 
Space Physics, Vol. 36, pp. 293-302, May 2007.

[3] Zhang, Y.; Wang, Z.,“Analysis and solutions of errors on 
GPS/GLONASS positioning”, Taylor and Francis journal, 
Vol. 5, Issue 2, pp. 6-12, 2002.

[4]  Hofmann-Wellenhof, B.; Lichtenegger, H.; Collins, J., 
“Global Positioning System, Theory and Practice”, 4th 
edition, Springer- Verlag, Berlin, Heidelberg, New York, 
pp. 389, 1992.

[5] Rajat, A.; Neha, N.; Nishkam J.; Surendra Sunda.; Sawarmal 
R.,“Ionospheric  studies for the implementation of GAGAN”, 
Indian journal for radio space physics, Vol. 36, pp. 394-404, 
October, 2007.

[6] Venkata Ratnam, D.; Sarma, A. D.; Satya Srinivas, V.; 
Sreelatha P.,“Performance evaluation of selected ionospheric 
delay models during geomagnetic storm conditions in low-
latitude region”, Radio Science 46, RS0D08, 2011.

[7] Venkata Ratnam, D.; Sarma, A. D.,“Modelling of Low 
Latitude Ionosphere using GPS Data with SHF Model”, IEEE 

transactions on Geoscience and Remote Sensing, Vol. 50 (3), 
pp. 972-980, 2011.

[8]  Venkata Ratnam, D.,“Estimation and Analysis of User IPP 
Delays using Bi-linear Model for Satellite Based Augmented 
Navigation Systems”, Taylor and Francis  Journal of Aviation, 
Vol. 17 (2), pp. 65-69, 2013.

[9] Rastogi, R. G.; Sharma, R. P.,“Ionospheric electron content 
at Ahmedabad (near the crest of equatorial anomaly) by 
using beacon satellite transmission during half a solar cycle”, 
Planet, Space Sci., Vol. 19, pp. 1505–1517, 1971.

[10] Warnant,  R.,“The increase of ionospheric activity as measured 
by GPS”, Earth Planets Space, Vol. 52, pp. 1055–1060, 
2000.

[11] Wu.; Chin-Chun, K.; Lion, Shan.; Shao-Ju.; Tseng, S. 
L.,“Variation of Ionospheric Total Electron Content in Taiwan 
Region of the Equatorial Anomaly from 1994–2003”, Adv. 
Space Res., Vol. 41, pp. 611–616, 2008.

[12] Nagireddy, V.; Karthik, P.; Venkata Ratnam, D.; 
Brahmanadam, P. S.; Sada Siva Rao, B.; Sarat Kumar, 
K.; Ravi Kumar,“Autocovariance Ionospheric Prediction 
Model for GAGAN Applications”,  International Journal of 
Soft Computing and Engineering (IJSCE), Vol. 2, Issue 3, 
2012.

[13] Karthik, P.; Venkata, Ratnam, D.; Nagireddy, V.; Brahmanadam, 
P, S.; Sada Siva Rao B.; Sarat  Kumar, K.,“Auto Regressive 
Ionospheric Prediction model for GPS Applications”, 
International Journal of Computer Applications, Vol. 48, 
Issue 4, 2012.

[14] Sarma, A. D.;  Venkata Ratnam, D.; Krishna Reddy, D., 
“Modelling Low Latitude Ionosphere using modified planar 
fit method for GAGAN”, IET Radar Sonar Navig (UK), Vol. 
3, Issue 6, pp. 609–619, 2009.

Harshali Dnyaneshwar Mane has 
received her B.E(E&Tc) from Pimpri 
Chinchwad College, Pune, India in 
2011. She is pursuing her M.Tech 
(Communication and Radar) Degree 
from the K L University, Vaddeswaram, 
Guntur, Andhra Pradesh, India. Her 
research interest includes GPS, Space 
science, TEC, Ionospheric prediction, 
Scintillation and Forecasting. At 
present she is engaged with nowcasting 

and forecasting  of ionospheric disturbances during Geomagnetic-
storm disturbances.

G.Sivavaraprasad received his B. 
Tech. degree in Electronics and 
Communication Engineering from 
Jawaharlal Technological University, 
Hyderabad, India in 2012. Pursuing 
M.Tech (By Research) degree in 
Communications and Radar Systems, 
K L University, Guntur, India. His 
research interests include Global 
Positioning System (GPS), Space 
science, Radar communication, TEC, 
Ionospheric prediction, Scintillation 

and Forecasting. At present he is engaged with forecasting  of 
ionospheric TEC and Scintillation Modeling at low latitude 
stations. 



IJECT Vol. 5, IssuE spl - 3, Jan - MarCh 2014  ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

w w w . i j e c t . o r g 34   InternatIonal Journal of electronIcs & communIcatIon technology

Dr. D. Venkata Ratnam received 
his M.Tech  (Radar & Microwave 
Engg) from Dept of Electronics 
Communication Engg, Andhra 
University (India) in 2003. He 
obtained his PhD in Electronics and 
Communication engineering from 
JNTUH University (India) in 2011. His 
research interest includes GPS, Space 
science, mobile communication and 
Radio wave  Propagation. He has been 
working an Associate Professor in Dept 
of Electronics and Communication 

Engineering, K L University, Vaddeswaram, Guntur, India. 
Publications: author of 12 international and 4 national journal 
papers and 23 national and international conference papers.


