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Abstract 
 
Equatorial and low-latitude irregularities continue to 
affect the performance of satellite-based communication 
and navigation systems even after more than seven 
decades of research through ground-based and space-
based sensors. Availability of instruments across a wide 
spectrum of frequencies provides an excellent tool for 
simultaneous detection and diagnostics of some of the 
medium-induced effects arising out of irregularities of 
different spatial scales. Ionospheric scintillations were 
recorded from Calcutta around the anomaly crest during 
February-April 2022 at L- and S-band using a multi-
frequency and multi-constellation GNSS receiver and a 
tri-band IRNSS receiver. These observations may be 
utilized for estimating the irregularity dynamical 
information and devising a system for advance alert with 
some latency. The present paper deals with detailed 
analyses of irregularity dynamics and development of an 
early warning system for satellite signal outages using a 
chain of longitudinally separated satellite links.  
 
1. Introduction 
 
The equatorial and low latitude ionospheric irregularities 
impact transionospheric radio signals over a wide 
spectrum of frequencies ranging from HF to L-band and 
sometimes even S-band. Since these frequency bands host 
the majority of satellite-based communication and 
navigation links and other systems, impairment of these 
signals implies partial or sometimes complete outage of 
associated services to a vast panoply of modern society. 
Characterization and diagnostics of such effects are 
necessary for advancement of the present understanding 
of the basic physics of ionospheric irregularity dynamics 
and its applications. 
Institute of Radio Physics and Electronics, University of 
Calcutta operates a number of active and passive radio 
systems around the northern crest of Equatorial Ionization 
Anomaly (EIA) in the Indian longitude sector. Indian 
Regional Navigation Satellite System (IRNSS) provides a 
unique platform to study the dynamics of equatorial 
ionospheric irregularities through the use of geostationary 
and geosynchronous satellites. Coupled with GNSS, 
observations from IRNSS may be used to understand 
evolution and decay of these irregularities having widely 

varying scale sizes [1]. The dynamical information about 
the irregularities may also be derived. This paper presents 
some cases of combined GNSS and IRNSS amplitude 
scintillations to exhibit the simultaneous impact of 
ionospheric irregularities at different wavelengths and 
issue an early warning for satellite signal outage.  
 
2. Data 
 
The Institute of Radio Physics and Electronics (IRPE), 
University of Calcutta hosts a tri-band (L1, L5 and S-
band) IRNSS receiver [2]. A multi-frequency multi-
constellation GNSS scintillation receiver is also 
operational at IRPE in collaboration with the University 
Corporation for Atmospheric Research (UCAR) and is 
part of the ground GNSS network supporting radio 
occultation processing for COSMIC-2 and other satellite 
missions. IRPE also hosts a ground segment of the US 
AFRL SCINtillation Network Decision Aid (SCINDA) 
program. Figure 1 shows the GUI for the UCAR GNSS 
receiver which tracks more than 70 satellites 
simultaneously and logs observation data at a sampling 
rate of 50Hz. Amplitude scintillations have been observed 
on IRNSS S-band (2492.5 MHz) and GNSS links during 
some nights of February-April 2022 from Calcutta 
(22.58oN, 88.38oE, 34o N magnetic dip) situated near the 
northern crest of Equatorial Ionization Anomaly (EIA). 
The IRNSS data logging interface is shown in Figure 2 
having a sampling rate of 1s. 
 

 
Figure 1. Graphical User Interface for the UCAR GNSS 
receiver. 

3. Results 



 
On March 5, 2022, GPS amplitude scintillations were 
recorded during 21:00-24:00 LT on SV 12, 13, 15 and 25 
and other links as shown in Figure 3. The different levels 
of the amplitude scintillation index S4 are also indicated in 
the figure with different colours. The station location of 
Calcutta is marked with an asterisk.  
 

 
Figure 2. IRNSS Data Logging Interface 

 
Figure 3. Spatio-temporal distribution of scintillation 
occurrences on different GPS and IRNSS links as 
observed from Calcutta on March 5, 2022 

The SCINDA GUI also provides valuable information 
about scintillation occurrence on different GPS links with 
local time and satellite elevation as shown in Figure 4. 

 
Figure 4. Variation of S4 with local time and elevation as 
observed from Calcutta on March 5, 2022 

 
The scintillation occurrences on different GNSS links of 
GLONASS and Galileo on this date are shown in Figure 
5. 

Galileo SV 95
20:55 – 21:04 LT

19.53 ˚ N, 86.25˚ E

Galileo SV 75
22:00 – 22:10 LT
19.85 ˚N, 88.62˚E

GLONASS SV 46
20:10 – 20:20 LT

17.41 ˚ N, 85.12˚ E

 
Figure 5. Occurrences of scintillations on different 
constellations as observed from Calcutta on March 5, 
2022 

Figure 6 shows the corresponding fluctuations in the 
amplitude scintillation index S4 found on IRNSS 1B 
during 21:00-22:00 LT, 1C during 21:30-22:15 LT and IF 
from 20:10-21:00 LT indicating a west-to-east 
propagation of the zone of impact of the irregularity. 

 
Figure 6. Occurrences of scintillations on different 
IRNSS links at S-band as observed from Calcutta on 
March 5, 2022 
 
In Figure 6, considering a threshold of S4=0.3, the local 
time of onset of scintillation was noted for each affected 
IRNSS satellite, from its subionospheric longitude. 
Thereafter, the time difference between two consecutive 
times of first impact was measured, along with the 
subionsopheric longitude difference. From this, the speed 
of propagation of the impact was computed. The speed 
was found to be 129.18 m/sec and 77.73 m/sec 
respectively, when it reaches satellite 1B and 1C starting 
from 1F. 
The days for which scintillation was observed on the 
IRNSS S/L5 band, we analyzed the power spectrum for 
corresponding cases on the GNSS L1 band. The common 
cases were chosen to be within a latitudinal swath of 2 
degrees, while increasing the longitude with time over the 
entire night. 



For all such cases of Feb-April, 2022, the zonal drift 
velocity is observed to decrease gradually, between 19 LT 
to 28 LT, with a correlation of -0.63, with a maximum 
value of 195 m/sec at 20:10 LT as shown in Figure 7. 

 
Figure 7. Variation of irregularity zonal drift velocity 
during February-April 2022 as observed from Calcutta 
 
Similar observations were made on March 13, 14 and 22, 
2022 which have been analysed. On March 22, 2022, 
amplitude scintillations were noted on IRNSS 1B starting 
around 20:30 LT which continued till post-midnight hours 
of 26:30 LT. Signals from other constellations, 
GLONASS, Galileo and Beidou also exhibited 
scintillations on these dates as observed from Calcutta. 
 
4. Conclusions  
Observations of S-band scintillations have not been 
extensively reported from the Indian longitude sector, 
particularly around the northern crest of EIA. Hence these 
results of post-midnight scintillations at S-band are unique 
from the perspective of ionospheric irregularities affecting 
satellite-based navigation. Post-sunset intense 
scintillations are observed from Calcutta on multiple days 
during March 2022 (SSN: 78.5), during the early stage of 
solar cycle 25. Observations from a low latitude station 
indicate effect of irregularities, generated during the post 
sunset period, on several constellations including GNSS 
and IRNSS. Scintillation patches are observed over 
different signal bands, from L1 (1575.42MHz), L5 
(1176.45MHz), to S(2492.028MHz). The longitudinally 
separated IRNSS satellite links provide an opportunity to 
issue signal outage forecasts with a latency by noting 
scintillation occurrence on a western link, like on IRNSS 
1F, followed by IB and then 1C, as found on March 5, 
2022. Scintillations on Beidou links are new observations 
from the anomaly crest region. Simultaneous signal 
scattering on multiple bands, observed from a station, 
indicate co-existence of multiple scale size ionospheric 
irregularities, within a common ionospheric volume. This 
scenario has also been utilized to derive information about 
the irregularity dynamics. 
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