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Abstract.: The Indian regional navigation satellite system is one of the important missions of ISRO which will mainly concentrate in 

providing real précised position and timing information. Ionosphere is a important layer of Earth’s atmosphere that effect the 

electromagnetic signals that is transmitted and received between satellite and user introduces the error in position determination. The 

delay induced by ionosphere is iono delay higher the delay more will be total electron content and vice versa. Increased Iono delay and 

total electron content will indicate more error in position determination. A predictive model for IRNSS receiver is implemented which 

will estimate these factors. The data of different days are used to study the variation of ionosphere over Bangalore region using real time 

data of IRNSS. The study includes the accuracy determining parameter called DOP dilution of precision which has decreased as the 

number satellites increased which is the sign of higher accuracies of IRNSS. 

Keywords: NavIC; ionosphere; total electron content; vertical total electron content; code total electron content, DOP dilution of 

precision  

1. Introduction

A constellation of satellites called the Global Navigation 

Satellite System (GNSS) allows for precise positioning 

and real-time timing services. Many countries have 

contributed to the definition of the GNSS, which has 

local and global coverage. One of these navigation 

systems, the Indian Regional Navigation Satellite System 

(IRNSS), was launched by the Indian Space Research 

Organisation (ISRO). The accuracy of the position that is 

determined and its availability in real-time, the speed of 

position determination at a particular receiver location, 

the integrity, which refers to the system's capacity to 

operate effectively in unusual circumstances or in real-

world settings, the system's capacity for uninterrupted 

operation, and the system's capability to provide services 

are some of the factors that are considered when 

evaluating a GNSS system's performance. Because the 

signal's refractive index changes and affects how it 

propagates, IRNSS satellite signals have a tendency to 

shift as they travel through a dynamic ionosphere. Thus, 

a propagation delay is recorded by the system that 

receives the data. The signal delay causes range and 

phase issues because the signal's characteristics change 

as it passes through the ionospheric layer.  The satellite 

signal's overall delay depends on the frequency and 

electron content. The variations in the ionospheric TEC 

are what lead to the propagation effects, including group 

delay, phase delay, refraction, dispersion, Faraday 

rotation, scintillation, and scattering. The temporal 

variations can be described by the daily periodic 

sequence of activity, seasonal changes, variations 

depending on the 11-year sunspot cycle, and variations 

that typically occur every 27 days. Other factors that 

affect TEC levels include geography. As a result, 

ionospheric effects must be researched, identified in a 

dynamic real-time setting, and correction coefficients 

must be developed. 

IRNSS (Indian Regional Navigation Satellite Systems), 

commonly referred to as NavIC (Navigation with Indian 

Constellation), is a constellation of seven satellites that 

are positioned in orbit in a figure-of-eight configuration. 

These satellites offer conventional location and timing 

services.  L5 and S1 are designed to operate in a dual 

frequency mode, with L5 running at 1176.45 MHz and 

S1 at 2492.02 MHz, respectively. With a roughly 10m 

for civilian use and a 0.1m for military and encrypted 

users, the positional precision is meant to cover the 

Indian region and 1500 km at the borders. The 

designations of the five geosynchronous (four of which 

are completely operational) and three geostationary 

(three) IRNSS satellites are IRNSS 1A, 1B, 1C, 1D, 1E, 

1F, 1G, and 1H, respectively. 

The ionosphere, or charged region of the Earth's 

atmosphere, spans a distance of between 60 and 1000 

km. There are a total of four distinct layers in the 
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ionosphere: D, E, F1, and F2. All four layers are present 

during the day, but at night the D layer disappears and 

the F1 and F2 join to form the F layer. The ionosphere is 

 merely weakly ionised, but external influences such as 

solar radiation, magnetic field disturbances, and 

interplanetary drags will all have a significant impact on 

the total charge density in the ionosphere. This dynamic 

layer will affect electromagnetic signal transmission, 

reducing position accuracy. As the electron density 

varies on a monthly, weekly, daily, and seasonal basis in 

various geographic areas. The ionosphere's refractive 

index eventually changes, which typically results in 

delays and a change in the signals' direction of 

propagation into space. Figure 1 shows that the 

ionosphere's delay can result in significant range errors 

of up to 100m. How long signals must travel through the 

ionosphere to get to their destination depends on the total 

electron content (TEC) of the ionospheric atmosphere. 

The different ionosphere delays and errors increase 

together with the TEC value, posing a serious threat to a 

range of GNSS applications. 

The ionospheric delay that satellite transmissions 

experience depends on the signal's frequency as well as 

the ionospheric layer's overall electron concentration. 

Interplanetary forces, magnetic storms, and incoming 

solar radiation all have an effect on the ionosphere's 

electron density or overall electron content. The amount 

of total electrons is not constant and varies with the solar 

cycle, the location of the sun during the day, as well as 

on a daily, weekly, monthly, and seasonal basis. TEC is 

always expressed in TEC units, where one TEC unit is 

equivalent to 1016 electrons/m2. A signal's delay always 

increases with the amount of time it spends in the 

ionosphere, and the direct vertical path exhibits changing 

TEC levels. 

A precise measurement of TEC is required in order to 

map the ionospheric time delay of GNSS signals. The 

obtained ratios for GPS are L1/L2 = 1.28 and L1/L5 = 

1.34, which are much lower than the ratio of the L5 and 

S1 signals for the IRNSS (S1/L5 = 2.19), which includes 

signals with the L1, L2, and L5 frequencies. The 

accuracy of TEC measurements is improved when S1 

and L5 frequency signals are used because it is possible 

to estimate the TEC accurately when the frequency ratios 

are larger than average.      

 

Fig 1: The ionospheric delay and fluctuations of the GNSS signal are shown. The red lines show line-of-sight GNSS 

satellite signals between the receiver and GNSS satellites, and the green line shows the path taken by GNSS signals due to 

ionosphere distortions [6]. 

2. Methodology 

Jain University has signed an MOU with the Indian 

Space Research Organization's SAC (Space Applications 

Centre) in Ahmedabad, which has provided the receiver 

that can receive data from GPS and IRNSS satellites. It 

is designed to receive data from IRNSS signals at the L5 

and S1 frequency bands as well as data from GPS signals 

at the L1 C/A frequency band. The equipment includes a 

receiver unit, an omnidirectional antenna, a low-loss RF 

cable, a laptop for storage and display, an Ethernet cable 

to link the laptop and the receiver, and a power source. 

The antenna is placed without any impediments on the 

roof to reduce multipath effects. The laptop displays and 

stores the data that the receiver has received in raw data 

format. The receiver is capable of receiving data in 

RINEX (Receiver Independent Exchange Format) and 

NMEA (National Marine Electronic Association) 

formats. The retrieved raw data is provided together with 

corresponding comma-separated value (CSV) files. 

These CSV files provide data about the satellite and the 

user's position as well as several satellite data 

characteristics and relevant calculations. 

 

Fig 2: The above diagram indicates the methodology of 

the automated module. 
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In this paper, an automated model is developed to 

quickly estimate VTEC and TEC, and characteristics that 

are influenced by ionospheric variations are explored. 

Various techniques can be utilised to derive the TEC 

content of a certain area. For the measured values of 

TEC in the region of interest, the ionosphere's delay is 

calculated using both L5 and S1 frequency signals. All 

available satellite data is considered for a comprehensive 

analysis, and the appropriate TEC values are calculated. 

Dual frequency receivers like IRNSS receivers, which 

provide both L5 and S1 frequency, can use a method 

called code TEC measurement to ascertain the total 

electron content. The pseudo-range values set by both 

frequencies at a certain time are taken into account when 

calculating the overall electron content. Pseudo-range is 

used to estimate the satellite's distance from the user 

because the exact position of the satellite cannot be 

known. Four satellite signals must be gathered in order to 

estimate a position accurately. By dividing the time, it 

takes for signals to travel from a satellite to a receiver by 

the speed of light, the pseudo ranges can be computed.     

The pseudo-range's value is determined by the 

                         

(1) 

                     

(2) 

The PR1 and PR2 in the equation above denote, 

respectively, the pseudo-range in metres of the S1 

frequency (2492.028 MHz) and the L5 frequency 

(1176.45 MHz). T represents tropospheric delay in 

metres, b is instrumental biases of both the receiver and 

the satellite, tr and ts indicate, and m1 and m2 are 

multipath in metres. I1 and I2 are ionosphere time delay 

in metres of S1 and L5, respectively. In metres, stands 

for the geometric range, and 1 and 2 for the thermal 

noise. Eliminate the multipath and thermal noise from 

the aforementioned calculations by subtracting 1 from 2 

and taking into account 

                             (3) 

Where bP
r = b bP

r=bP
r 

Ionospheric delay, which is represented by the delay 

caused by the ionospheric layer, is provided by the 

following equation.  

           [in meters]                         

(4) 

             

(5) 

 

                           (6) 

              

(7) 

Where the value of Re (Radius of Earth) = 6378 km, 

hmax=350 km, θ = elevation angle in a given ground 

station.  

The ionospheric layer, which is 300–400 km high, 

influences a satellite's line of sight to a user. The 

ionospheric piercing point is at the junction altitude. The 

average ionospheric pierce point for navigational 

purposes on the Indian subcontinent is 350 km. The 

many other satellite metrics frequently vary as a result of 

ionospheric changes, which affects and modifies the 

performance as a whole. The automated model 

additionally considers a number of parameters, such as 

elevation angle, pseudo-range, signal-to-noise ratio, 

GDOP, and Doppler. The elevation angle, which is an 

important consideration in identifying ionospheric 

disturbances, is the vertical angle formed by the satellite 

and the horizontal of the Earth's horizon with respect to 

the location of the antenna on the planet in the direction 

of travel. The dual-frequency automated module is 

efficient and flexible enough to be interfaced with any 

kind of computer system. It was created for the purpose 

of measuring and identifying ionospheric influence on 

IRNSS satellites. The module is designed to use one 

day's worth of complete data and is based on the time of 

week count values (TOWC) for both the L and S band. 

Depending on the processing speed of the system, the 

detecting module runs in around 2 minutes for a standard 

computer with a workstation. 

The ionosphere is an inhomogeneous and anisotropic 

substance. With time, the density of electrons in a certain 

area change. Total electron concentration is measured 

using the IRNSS L and S bands. Each of the seven 

satellites' L- and S-band displays are produced by the 

design. Since they are adversely affected by significant 

ionosphere disturbance, signal-to-noise ratio, doppler, 

DOP, pseudo-range, elevation, and other position-related 

variables are taken into consideration. The module is 

designed to evaluate two forms of ionospheric total 

electron content: code total electron content (CTEC) and 

vertical total electron content (VTEC). 

The user must explicitly provide the date in dd-mm-yyyy 

format for which the impacts of ionospheric analysis 

need to be assessed. Basically, the automatic module In 

simple terms, the automatic module completes six major 

tasks. The system determines if the requested data is 

contained in the IRNSS database based on user requests. 

The user-specified file is set as the working directory, 
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and this information is then converted into file names 

because logs are given names based on dates.  The user 

input is initialised and organised in the following code. 

The working directory information will be stored in the 

variable in a different fashion; this is useful since it will 

be compared to the input in a later phase. In order to 

separate particular data, a variable is iterated from 0 to 1 

for the day, 3 to 4 for the month, and 6 to 10 for the year. 

The accuracy levels of any navigation system are 

measured in terms of dilution of precision, always for 

accuracy levels to be higher the geometric relationship 

between measuring device and satellite should be good. 

The system with less value of DOP will always have 

higher accuracy levels. The Vertical Dilution Precision 

(VDOP) Geometric  Dilution Precision (GDOP), 

Position Dilution Precision (PDOP), Horizontal Dilution 

Precision (HDOP), Time Dilution Precision (TDOP) and 

are other parameters of DOP. 

The geometric strength of the operational satellite 

configuration is exhibited by the DOP value.  The value 

of DOP is higher when all visible satellites are closers 

and lesser is the accuracy and less the DOP value higher 

is accuracy. DOP also indicated the current geometric 

properties of the available satellites. 

 

Fig 3: In the above pictorial representation it is observed that the position of the satellites must be distributed and oriented 

properly so that stronger geometry can be achieved with higher accuracy. 

Positional accuracy can be represented in the form of 

equation as  

Accuracy = DOP x User equivalent distance error 

Accuracy in the above equation is given by ratio of 

positioning error to mean positioning accuracy.  

Table1: The above value indicates the inference that can be drawn from DOP values. 

PDOP or GDOP indicated the error caused by the 

relative position of the GNSS satellites. It is observed 

that the more signals receiver can receive from different 

satellites in the constellation, precision value increases. 

The wider angular distribution and separation in between 

the satellites in the constellation higher accuracy can be 

achieved.  
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Fig 4: The above diagram indicated how the distribution of satellites will result in good GDOP. 

Concept in determining position using IRNSS 

The trilateration is the method used to determine any 

location or position point on the earth using any satellite 

system. The trilateration is a sublunary surveying 

technique. Using IRNSS receiver the range or distance 

between satellite and earth can be determined. For any 

given user point the 3D positions such as latitude, 

longitude and altitude can be mapped for different 

satellites. The intersection point of recoded ranges of 

minimum three satellite gives the location identity and 

one more additional rage data of satellite is required in 

order to resolve timing offset problems. 

 

Fig 5: Position determination representation. 

The navigation receiver unit computes the three-

dimensional coordinates, by simultaneous measurement 

of pseudorange from four or more satellites. The 

measurements are biased range between the antenna of 

each satellite and the receiver antenna. The cross 

correlation of the pseudorange noise code sent from each 

satellite yields the pseudorange values. The pseudorange 

accuracy that is measured and fidelity of the processing 

model for determination, provides the complete 

accuracy. 

The below equation is used to compute pseudorange  

P = ρ + c (dT – dt) + dion + dtrop + e    ……….1 

P indicates Pseudorange, geometric range between 

antenna and the satellite during the time of reception of 

signal is indicated by ρ, dt, dT indicates satellite clock 

offset and receiver clock offset respectively, dion  is 

ionospheric delay, dtro is tropospheric delay introduce to 

the signal that passes through ionosphere and 

troposphere during its transmission, c stands for speed of 

light at vacuum, e stands for noise measurement and 

multipath an unmodeled effect. 

3. Results and Discussion 

The investigations and research conclusions use the data 

from the receiver located at Jain University in Bangalore. 

The dates are selected based on their availability in the 

database, and after additional research and processing, a 

few instances of dates that are taken into consideration 

and which have a greater impact on the ionosphere 

during high solar flare conditions are shown. The 

ionospheric influence detection module generates about 

120 charts, including plots of combined values of 

multiple satellite parameter values. The identification of 

the ionospheric disturbance is supported by a few key 

findings that are presented. The estimated values of 

multiple satellites are included in consolidated graphs, 

and independent satellite value plots are also available 

for alternative studies if necessary. The total number of 

ionospheric disturbances that are seen over a specific 

time period is influenced by the overall electron 

concentration. When TEC, either VTEC or CTEC, 

increases, ionospheric disturbances increase as well. 

TDOP) are acronyms for these variables. 
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Fig 6: Graph showing the anticipated iono delay for the S band for the IRNSS satellites. For the date of 2/09/2018, S5, 

which is satellite 1E, recorded the greatest value, which ranges from 3 to 5 metres, while S7, which is satellite 1G, recorded 

the lowest value, which is approximately 2.5 metres. 

 

Fig 7: Graph showing the anticipated iono delay for the L band for the IRNSS satellites. For the date of 2/09/2018, L5—

satellite 1E—recorded the highest value, which is roughly 17.5m, while L7—satellite 1G—recorded the lowest value, 

which is roughly 11m (in metres). 

 

Fig 8: Graph showing the IRNSS satellites' estimated CTEC. For the date of 2/09/2018, CTEC5 (satellite 1E) recorded the 

greatest value, which is roughly 60TECU, while S7 (satellite 1G) recorded the lowest value, which is roughly 40TECU. 
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Fig 9: Graph showing the estimated VTEC for the L band on the IRNSS satellites. For the day of 2/09/2018, L7, which is 

satellite 1G, recorded the greatest value, which ranges from 55 to 80 TECU, while S5, which is satellite 1E, recorded the 

lowest value, which ranges from 10 to 40 TECU. 

 

Fig 10: Graph showing the IRNSS satellites' elevation angles in the L band. The maximum value, which is over 70 degrees, 

was obtained by S5 (satellite 1E). For the day of 2/09/2018, S7 (satellite 1G) recorded the lowest temperature below 30 

degrees.Higher levels of TEC are reported because the satellite that recorded the highest elevation angle was subjected to 

more ionosphere disturbance. 

                                                

Fig 11: Graph showing the IRNSS satellites' elevation angles in the L band. The maximum figure, which is above 70 

degrees, was obtained by L5, which is satellite 1E. For the date of 2/09/2018, L7, one of the 1G satellites, recorded the 

lowest temperature below 30 degrees.Higher TEC values are reported because the satellite that recorded the highest 

elevation angle was exposed to a stronger ionosphere. 

 

Fig 12 Graph indicating the DOP estimated for the IRNSS satellites for the date 2/09/2018. G,P,H,V,T are respectively 

Geometric(GDOP), Position (PDOP),  Horizontal(HDOP), Vertical (VDOP) and Time Dilution Precision (TDOP). 
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Fig 13: The above graph indicates the value of DOP’s mapped on 18/06/2015, it is observed that the range of all DOP’s are 

between 0 to 10. This value is measured during the year 2015 which indicates the measurement of position accuracy is 

moderate. The highest peak recorded 65 value which coincides with the occurrence of solar flare. (16:30 to 18:25). 

 

Fig 14: The above graph indicates the value of DOP’s mapped on 15/05/2016, it is observed that the range 

of all DOP’s are between 0 to 6. This value is measured during the year 2016 which indicates the measurement of position 

accuracy is moderate. The initially reading is recorded to be 0 because of the occurrence of solar flare on the previous day. 

 

Fig 15: The above graph indicates the value of DOP’s mapped on 19/04/2016, it is observed that the range of all DOP’s are 

between 2.5 to 5.5. This value is measured during the year 2016 which indicates the measurement of position accuracy is 

good. The decreasing trend in the DOP’s is observed which indicates the improving accuracy in position measurement. 
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Fig 16: The above graph indicates the value of DOP’s mapped on 9/05/2017, it is observed that the range of all DOP’s are 

between 1.5 to 4.5. This value is measured during the year 2017 which indicates the measurement of position accuracy is 

good. 

 

Fig 17: The above graph indicates the value of DOP’s mapped on 4/09/2019, it is observed that the range of all DOP’s are 

between 0.5 to 2. This value is measured during the year 2019 which indicates the measurement of position accuracy is 

moderate. The decreasing trend in the DOP’s is observed which indicates the improving accuracy in position measurement. 

Lower frequencies are more vulnerable to ionospheric 

perturbations than higher frequencies. The overall 

electron content recorded in the VTEC, CTEC, and iono 

delays in the L5 band is greater compared to the S-band. 

The dilution of precision values, which establish 

precision levels, should always be between 1 and 2 units 

for the system to function at its best. However, numerous 

changes are observed during ionospheric variations, and 

the value has even reached 6, which is unacceptable. The 

dynamic ionospheric layer for both VTEC and CTEC is 

in the range of 1 to 25 metres on different dates, and the 

total electron content values are in the range of 10 to 80 

TECU. It has affected specific dates and satellite 

operation. Higher values of iono delays typically cause a 

greater mismatch in range determination.  demonstrates 

how long-lasting ionospheric turbulence is. Additionally, 

it is found that the delay suffered by S-band frequency 

significantly smaller within 5m compared to L band 

25m, leading one to conclude that ionosphere effects are 

most noticeable at lower frequencies and less so at 

higher frequencies. Iono delay demonstrated the delay. 

The concept of DOP is essential in position 

determination. In the year 2019 DOP value recoded is 2 

which indicates the excellent performance of IRNSS 

satellites in position determination. The constellation is 

planned to be extended to eleven satellites which may 

even improve the coverage and accuracy of the system. It 

is also expected that in near future the IRNSS chips will 

be included in the smart phones that will be 

advantageous to civilian applications. In this paper it is 

clearly examined the change in the DOP values in the 

reginal navigation system. 

4. Conclusion 

The model that was developed can be used to identify 

ionospheric disturbances in IRNSS data for both the L 

and S frequency bands. It is essential to identify and 

eliminate these disturbances since the ionosphere has a 

direct impact on the system's performance accuracy. To 

find correction factors, the module is a great tool. The 

model may be effectively applied to any IRNSS receiver 

interface system; on a system with 4GB RAM, 

ionospheric disturbances can be located and output 

graphs can be generated in less than two minutes. 

Additionally, time can be cut even more in half with 

more powerful computing devices. When deciding on a 

position, the DOP concept is crucial. The DOP value 

recoded for the year 2019 is 2, which demonstrates the 

superior performance of IRNSS satellites in determining 

position. Eleven satellites are planned for the 

constellation, which could further improve system 

accuracy and coverage. Additionally, it is anticipated 

that IRNSS chips, which are useful for civilian 

applications, would soon be found in smartphones. The 
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shift in the DOP values in the conventional navigation 

system is thoroughly explored in this research. 
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