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Abstract: Soon Indian’s mobile phones and cars are to be 

installed with new and indigenous satellite technology, i.e. 

Navigation with Indian Constellation (NavIC) developed by ISRO. 

After successful completion of NavIC, India has become fifth 

nation in the sequence of countries with independent navigation 

technology/system. The NavIC technology will be used mainly for 

terrestrial, aerial and marine navigation along with tracking and 

disaster management. Here we are proposing the application of 

NavIC signals for measuring and montoring ionosphere layer 

behaviour leading accuracy degradation of satellite based 

navigation and communication systems. This paper presents the 

computation of ionosphere parameters such as TEC, ROTI and 

scintillation index (S4) using pseudo range and Carrier to Noise 

density ratio (C/No) measurements of NavIC L5 and S-band 

signals. ROTI and S4 results revealed that the impact of  

ionosphere irregularity is more on L5 than that of S-band signals. 

Keywords : NavIC, ROT, ROTI, S4.  

I. INTRODUCTION 

Navigation with Indian Constellation (NavIC) is an 

indigenous satellite navigation system planned and 

implemented by the Indian Space Research Organization 

(ISRO) for position, navigation and time (PNT) applications 

with a limited service region. It is fully operational with three  

Geostationary orbital (GEO) satellites and four  

Geosynchronous orbital (GSO) satellites, details are given in 

Table 1. The arrangement of satellites in the orbits was 

planned in such a way that users from the Indian subcontinent 

could receive signals from atleast four satellites. The NavIC 
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satellites transmit navigation signals, based on Code Division 

Multiple Access (CDMA) on L5 (1176.45MHz) with a Binary 

Phase-Shift Keying (BPSK (1)) modulation for standard 

positioning service (SPS) users. Restricted service user get 

signals with a Binary Offset Carrier (BOC(5,2)) modulation 

on S-band( 2492.028 MHz) [1].  

The ionosphere, a propagation medium for the satellite 

based communication and navigation systems affects signals 

in terms of refraction, absorption, Faraday rotation, 

scintillation, propagation time delay, Doppler frequency 

shift, etc. Moreover, Ionosphere scintillations are hazardous 

to the wide range of radio frequencies and is therefore of 

great practical interest. In the beginning, researchers have 

been published the reviews of ionospheric scintillations 

[2]-[5]. Further, Global Positioning System (GPS) signals 

were used to study the irregularities of  ionosphere. Swamy et 

al. (2013) & Sarma et al. (2014) studied ionospheric 

scintillations and developed mathematical models for 

predicting ionospheric scintillations over the Indian region 

using GPS signals [6]-[7].  

Pi et. al., (1997) introduced a parameter, Rate of TEC Index  

(ROTI) to study ionosphere irregularity, later the relation 

between ROTI and S4-index (ROTI/S4) was analyzed by 

Basu et al. (1999) [8]-[9]. Sujimol and Shahana (2017) have 

done a preliminary study on the amplitude scintillation effect 

of NavIC signals and found frequent loss of lock on L5 

signals at Delhi station [10]. 
Table 1: NavIC satellites details 

(https://www.isro.gov.in/launchers/pslv) 

 

 

  Satellite Orbit Longitude 
Orbit Launch  

Status 
Inclination Date 

1 IRNSS-1A GSO 550E 29 
Jul 01, 
2013 

Clocks 
Failed 

2 IRNSS-1B GSO 550E 31 
Apr 04, 

2014 
Operational 

3 IRNSS-1C GEO 830E - 
Oct 16, 

2014 
Operational 

4 IRNSS-1D GSO 111.750 E 30.5 
Mar 28, 

2015 
Operational 

5 IRNSS-1E GSO 111.750 E 28.1 
Jan 20, 
2016 

Operational 

6 IRNSS-1F GEO 32.50E - 
Mar 10, 

2016 
Operational 

7 IRNSS-1G GEO 129.50E - 
Apr 28, 

2016 
Operational 

8 IRNSS-1H   - 
Aug 31, 

2017 

Launch 

Failed 

9 IRNSS-1I GSO 550E 290 
Apr 12, 

2018 
Operational 
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In this paper the availability of NavIC dual frequencies (L5 

and S-band) was taken as the advantage to compute 

ionosphere medium irregularities over an Indian low latitude 

station. Signals from a typical IRNSS-1B satellite were used 

to compute a parameter, Total Electron Content (TEC) which 

is the indicator of ionosphere condition. Then, critical 

analysis of ionosphere irregularities was carried out with 

parameters ROTI and S4-index by collecting data from all the 

available NavIC satellites  at different elevation angles. 

II. DATA AND METHODOLOGY 

To measure ionosphere irregularities, NavIC satellite 

signals were received by establishing a receiver station at 

GPCET (15.790N, 78.070E), Kurnool, India. A dual-band 

receiving antenna was mounted on the roof of a 5 floor 

building with clear sky view and connected to the receiver 

through a 15 meter low loss RF cable TNC-M to TNC-M. 

The received signal binary data were extracted using a tool 

‘IrnssUR’, subsequently ROTI and S4-index were computed.  

A.  Rate Of TEC Index (ROTI) 

The irregularity level of ionosphere medium can be 

measured by computing two parameters -Rate of change of 

TEC (ROT) and ROT Index (ROTI), which is function of 

TEC. ROTI is defined as the standard deviation of Rate of 

change of TEC over a 5 minutes time interval. ROTI 

characterizes small-scale and/or rapid variations in TEC [8]. 

For a satellite ‘i’, ROTI can be computed as follows, 
2 2   i i iROTI ROT ROT=  −            (1) 

                                                                                    

Where, ROT is the rate of TEC/minute and is given by eqn. 

(2), 
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Where, 1P  and 2P are pseudo ranges on S and L5 band 

respectively.                                                                             

B. S4-index  

Amplitude scintillation (S4) refers to rapid fluctuations in 

the received signal carrier to noise ratio 
O

C
N

 
 
 

 or signal 

intensity (SI). The parameter used to represent amplitude 

scintillations is S4-index and it can be measured by 

computing the square root of the normalized variance of 

signal intensity over 60 seconds (Eqn.4) [11],  
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The signal intensity in the above mathematical expression 

can be represented in terms of carrier-to-noise density ratio 
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 measured in dB-Hz. The relation between these 

two quantities is as given below, 
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However, the above measured 
4

S -index suffers from the 

ambient noise which degrades the signal quality; hence it 

must be removed by proper calculations. For a given  
O

C
N

 

in dB-Hz, the ambient noise effect on  index can be calculated 

as, 
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 Therefore, the corrected S4 index,
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(7) 

Based on the S4 value scintillations can be categorized  as 

weak (0.15<S4<0.3), moderate (0.3<S4<0.5) and strong 

(0.5<S4<1). 

III. RESULTS AND DISCUSSION 

In this paper  ROTI and S4-index, the indicators of ionosphere 

irregularities are measured from the active NavIC satellite 

(IRNSS-1B, IRNSS-1C, IRNSS-1D, IRNSS-1E, IRNSS-1F 

and IRNSS-1G) signals. Since the TEC is basic parameter, 

qualitative discussion of it presented below.. 

 Fig.1 shows daily TEC variations of IRNSS-1B for the 

period Sep 4,2017 to Sep 10, 2017.  In figure time on x-axis 

was represented in UTC (Hrs) and it can be converted into 

Indian Standard Time (IST) by adding 5:30 Hrs. TEC 

increases gradually with time and reaches peak at midday 

then decreases gradually. The peak value was occurred in 

between UTC 10:30 Hrs and UTC 11:30 Hrs. The highest 

peak (78 TECu) has been observed on 08-09-2017 which is 

due to the solar flares of type M8.1. The diurnal variation of 

TEC measured in this work is synchronized with typical low 

latitude ionosphere behavior studied elsewhere [12] -[14]. 

Also, it is clearly observed that the variations in TEC are 

more during daytime, whereas the variations are less during 

the night time. 

http://www.ijitee.org/
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Fig. 1. TEC variability during solar flares days 

Since, the NavIC constellation is new, it is more 

interesting to know the satellite's path over a period of 24 Hrs. 

Fig.2 shows the NavIC satellites visibility in terms of 

elevation and azimuth angles. From, the figure it is 

understood that IRNSS-1C, IRNSS-1F and IRNSS-1G are 

GEO satellites with elevation and azimuth angle variation is 

within 100. And the remaining satellites IRNSS-1B, 

IRNSS-1D and IRNSS- 1E are geosynchronous (GSO) 

satellites with azimuth and elevation angle variation 

approximately 1000 and 300 respectively. It can be concluded 

that the receiver station has been acquiring signals from 3 

GSO and 3 GEO NavIC satellites. 
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Fig.2 NavIC satellites path with respect to a lower 

latitude receiver station 

Fig.3, shows ROTI variation measured with all available 

satellites data and the Fig.4, shows S4-index variation 

measured from the respective satellite signals. The peak 

ROTI is observed 0.48, 0.47, 0.62, 0.48, 0.79 and 1.1 for 

IRNSS-1B, IRNSS-1C, IRNSS-1D, IRNSS-1E, IRNSS-1F 

and IRNSS-1G respectively. From the results, we could see 

the greater ROTI values for IRNSS-1G and lesser ROTI 

values for IRNSS-1C which are located above the equator at 

longitude 129.50 E and 830 E respectively. Since, the receiver 

is located at the longitude of 78.070E, IRNSS-1C is almost in 

the zenith direction with high elevation angles (short path 

length), whereas IRNSS-1G is at low elevation  with longer 

path length. As the signal path length increases TEC and 

ROTI also increases. From S4-index variations it is 

understood that the L5 signal is more sensitive to the 

ionosphere variations than that of S-band signals. 
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Fig.3  ROTI variations measured by different     NavIC 

satellites on 08-09-2017 

 

 
 

 

 

 
 

 
 

 
Fig.4  ROTI and S4-index variations measured by 

different     NavIC satellites on 08-09-2017 

IV. CONCLUSIONS 

In this paper, we have explained measurement and analysis of 

ionosphere irregularities using NavIC signals. Pseudo ranges 

based TEC and ROTI measurement approach can be used for 

both real-time and post processing analysis of ionosphere 

irregularities. In this contribution, presented a step-by-step 

procedure for S4-index measurement with removal of 

ambient noise effect.  We found that the ionosphere 

fluctuations impact is more on the low elevation GEO 

satellite signals. Further, low frequency (L5) signals are 

highly sensitive to the ionosphere fluctuations.   
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