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Abstract—Indian Regional Navigation Satellite System (IRNSS) is a satellite based navigation system

developed by Indian Space Research Organization (ISRO). The positional accuracy of IRNSS is limited

by several errors including ionospheric delay. Ionospheric delay can be estimated with precise calculation

of total electron content (TEC). However, TEC is biased by multipath and thermal noise. Therefore,

multipath and thermal noise free relative TEC measurements are made and compared with two other

methods, namely, code TEC and IRNSS Receiver Software (IRS) techniques. In this investigation L5

(1176.45 MHz) and S1 (2492.028 MHz) signals from IRNSS 1A to 1G satellites are considered. The

results indicate that relative TEC estimation technique removes the multipath and thermal noise from the

TEC measurements. Further, the TEC for signals coming from various IRNSS satellites are evaluated by

calculating the standard deviation (SD). In the analysis the data is divided into segments with duration of 1

h each. The results indicate that SDs for the relative TEC estimation (2.5 TECU in case of IRNSS 1B) are

lesser than the other two techniques indicating the relative TEC can be used in the receiver for the

estimation of ionospheric delay. Further, the high ratio of the operating frequencies indicates a better TEC

estimation.
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1. INTRODUCTION

Global Navigation Satellite Systems (GNSS) signals are delayed when propagating through space to

Earth. Various error sources affect these signals through the propagation path. Ionospheric time delay is one

of the prominent errors that affect the accuracy of the user. When two signals from the same satellite

propagate through dispersive ionosphere, the ionospheric delay can be estimated using the dual frequency

signals.

Several ionospheric time delay models, such as Anisotropic IDW with Jackknife and relative TEC (total

electron content) are available for navigation signals [1, 2]. In these models, the precise estimation of TEC

plays a major role as the ionospheric time delay is directly proportional to TEC. Further, for GPS, the ratio of

frequencies of L1, L2 and L5 signals (L1/L2 = 1.28; L1/L5 = 1.34) is much less than the ratio of IRNSS S1

and L5 signals (S1/L5 = 2.19). A high ratio is expected to facilitate a better estimation of TEC. Hence, it is

likely that TEC can be better estimated if S1 and L5 signals are used.

The TEC estimation is biased by the multipath and thermal noise. A signal arriving at an antenna through

different paths due to reflection/diffraction represents multipath phenomenon [3]. Thermal noise is a basic

electric noise produced by random movement of electrons in any conductor (including components in

IRNSS/GPS receiver) [4]. These error sources need to be removed from the TEC estimation.

306

ISSN 0735-2727, Radioelectronics and Communications Systems, 2018, Vol. 61, No. 7, pp. 306–316. © Allerton Press, Inc., 2018.

Original Russian Text © Q.J. Mohd, D.S. Achanta, V.K.R. Nalam, T.K. Pant, 2018, published in Izvestiya Vysshikh Uchebnykh Zavedenii, Radioelektronika, 2018,

Vol. 61, No. 7, pp. 398–410.

1
The research work presented in this paper has been carried out under the Indian Space Research Organization (ISRO)

sponsored project vide sanction letter no. ISRO/RES/2/399/15-16, dated 13 July 2015 under RESPOND program.

http://orcid.org/0000-0002-2829-6347
mailto:mdqurramjaveed@outlook.com
http://orcid.org/0000-0002-4298-0030
mailto:ad_sarma@yahoo.com
mailto:nvkoteswararao@gmail.com
mailto:tarun_kumar@vssc.gov.in


REFERENCES

1. Q. J. Mohd, D. S. Achanta, Reddy A. Supraja, T. Sridher, V. K. R. Natam, T. K. Pant, “Multipath and thermal

noise free relative TEC estimation using IRNSS L5 and S1 signals,” Proc. of Int. Conf. on Innovative

Technologies in Engineering, ICITE-2018, 11-13 Apr. 2018, Hyderabad, India (2018).

2. V. S. Srinivas, A. D. Sarma, H. K. Achanta, “Modeling of ionospheric time delay using anisotropic IDW with

Jackknife technique,” IEEE Trans. Geosci. Remote Sensing 54, No. 1, 513 (2016). DOI: 10.1109/TGRS.2015.

2461017.

3. K. Yedukondalu, A. D. Sarma, S. S. Vemuri, “Estimation and mitigation of GPS multipath interference using

adaptive filtering,” PIER M 21, 133 (2011). DOI: 10.2528/PIERM11080811.

4. R. B. Langley, “GPS receiver system noise,” GPS World, 40 (June 1997).

5. N. Nadarajah, A. Khodabandeh, P. J. G. Teunissen, “Assessing the IRNSS L5-signal in combination with GPS,

Galileo, and QZSS L5/E5a-signals for positioning and navigation,” GPS Solut. 20, No. 2, 289 (2016). DOI:

10.1007/s10291-015-0450-8.

RADIOELECTRONICS AND COMMUNICATIONS SYSTEMS Vol. 61 No. 7 2018

COMPARISON OF TEC ESTIMATION TECHNIQUES USING S1 AND L5 SIGNALS 315

https://doi.org/10.1109/TGRS.2015.2461017
https://doi.org/10.1109/TGRS.2015.2461017
http://doi.org/10.2528/PIERM11080811
https://doi.org/10.1007/s10291-015-0450-8


6. T. Walter, K. Gunning, J. Blanch, “Improved ephemeris monitoring for GNSS,” Proc. of ION Int. Tech. Meeting,

25-28 (Jan. 2016).

7. V. G. Rao, G. Lachepelle, “Proposed dual frequency signal design for optimal TTFF in IRNSS,” Proc. of Pearl

Jubilee Int. Conf. on Navigation and Communication, 20-21 Dec. 2012, Hyderabad, India (2012).

8. www.isro.gov.in.

9. “IRNSS signal in space ICD for standard positioning service,” v. 1.0, June 2014, ISROIRNSS-ICD-SPS-1.0,

Indian Space Research Organization (ISRO), Bangalore.

10. C. Carrano, K. Groves, “Ionospheric data processing and analysis,” Proc. of Workshop on Satellite Navigation

Science and Technology for Africa, March 23 – April 9, 2009, The Abdus Salam ICTP, Trieste, Italy (2009).

11. B. Hofmann-Wellenhof, H. Lichtenegger, J. Collins, Global Positioning System, 5th ed. (Springer-Verlag Wien,

2001). DOI: 10.1007/978-3-7091-6199-9.

RADIOELECTRONICS AND COMMUNICATIONS SYSTEMS Vol. 61 No. 7 2018

316 MOHD et al.

http://www.isro.gov.in
http://doi.org/10.1007/978-3-7091-6199-9

