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ABSTRACT 
The Indian Regional Navigation Satellite System (IRNSS), also known as NavIC- Navigation with Indian 

Constellation provides real time positioning and timing services. The NavIC receivers are placed in different 

regions. The NavIC receivers provide satellite positions, satellite clock timings and errors, other modelled errors 

including tropospheric and ionospheric delay, receiver position and clock timings, pseudo range measurements 

and other information related to both satellite and receiver. In this paper, the pseudo range measurements 

obtained from the receiver is analyzed and the observations are discussed. 
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I. INTRODUCTION 
All the satellites in the GNSS system have 

precise Rubidium or Cesium stable atomic clocks. 

GNSS receivers have crystal oscillator which 

provides time, which should be synchronized with 

the onboard atomic clock. But, the GNSS receiver 

uses economical kind of clock which is not exactly 

synchronized with the onboard satellite clock. 

Therefore the clock offset is observed between the 

onboard satellite and the receiver clock [1]. The 

distance or range between the satellite and receiver 

is computed by measuring the time elapsed for a 

signal to propagate from a satellite to a receiver and 

multiplying it by the speed of light. This implies that 

any error in time will be reflected in the computed 

range. So the receiver clock error should be 

estimated. Availability, reliability and integrity of 

IRNSS navigation parameters are affected by 

satellite clock errors. Hence, for precise navigation 

applications, satellite clock error needs to be 

corrected. For precise navigation solution the pseudo 

range needs to be corrected for the errors like 

satellite clock error, ionospheric delays, tropospheric 

delay, multipath delay etc. [2]. The ionosphere and 

troposphere are not uniform in composition and the 

refractive index changes all along the path of a 

signal. Change in signal speed changes the travel  

 

 

time of the signal and, therefore, changes the 

apparent pseudo range computed. 

Satellite Application Centre (SAC), ISRO 

installed NavIC receiver in the department of 

Electronics and Communication, Dayananda Sagar 

College of Engineering, Bengaluru, India. 

Systematic and routine measurements are being 

carried out from the network of IRNSS satellites. 

 

II. FACTORS AFFECTING RANGE 

CALCULATION 
The measurement received by the NavIC 

receiver consists of pseudo range values measured 

between the satellite position and the receiver 

position. But these values have multiple errors added 

due to ionospheric delay, tropospheric delay, 

multipath delays, satellite clock errors, satellite orbit 

errors and some unmodeled effects. But, the major 

factor accounting to errors is the satellite clock error. 

 

A. Satellite Clock Correction 

The satellite clock error has a major impact on the 

pseudo range and is given by the following equation. 

 Pm = ρ +ε 
Sc

×C                                   (1) 

where,  

Pm = Measured range (m) 

ρ = True range (m) 

ε
Sc

 = Satellite clock error (s) 
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C = Velocity of light (m/s) 

From (1) it is evident that satellite clock error of 1 

microsecond will lead to approximately 300 m of 

error in the pseudo range [1]. 

 

B. Ionosphere Delay 

The ionosphere is the layer of atmosphere 

between 75 km and 1000 km above the earth. The 

ionization is caused by the sun radiation and the 

state of the ionosphere is determined primari1y by 

the intensity of the solar activity. These ions delay 

the satellite signals and can cause a significant 

amount of satellite position error. Ionospheric delay 

varies with solar activity, time of year, season, time 

of day and location [4].  

 

C. Tropospheric Delay 

The troposphere is the layer of atmosphere 

closest to the surface of the Earth. Variations in 

tropospheric delay are caused by the changing 

humidity, temperature and atmospheric pressure in 

the troposphere. The signals are also refracted by the 

lower part of the earth's atmosphere composed of dry 

gases (mainly N2 and O2) and water vapor. Since 

tropospheric conditions are very similar within a 

local area, the base station and receivers experience 

very similar tropospheric delay [4].  

 

D. Multipath Delay 

Multipath occurs when a GNSS signal is 

reflected off an object, such as the wall of a building, 

to the GNSS antenna. Because the reflected signal 

travels farther to reach the antenna, the reflected 

signal arrives at the receiver slightly delayed [5]. 

This delayed signal can cause the receiver to 

calculate an incorrect position. 

 

III. PSEUDO RANGE CORRECTION 

USING RECEIVER DATA 
The pseudo range (ρ) values available from 

the IRNSS receiver are not the correct range 

measurements. According to the Accord Software 

&Systems Pvt Ltd. receiver ICD document [6], the 

ionospheric delay (Id) and the tropospheric delay(Td) 

which are available from the receiver must be 

subtracted from the pseudo range, and the satellite 

clock correction (eclk) information must be added to 

the same. The corrected pseudo range (ρc) is given 

by, 

ρc = ρ – Td – Id + eclk                           (2) 

Theoretically, the pseudo range can be calculated 

using the satellite position (Xsat, Ysat, Zsat) and 

receiver position (Xstn, Ystn, Zstn) as shown below, 

ρth =  (Xstn −  Xsat )2 + (Ystn −  Ysat )2 + (Zstn −  Zsat )2 

(3)  

The ρc obtained from (1) can be compared with 

theoretically calculated measurement. 

IV. OBSERVATIONS 
In this paper, March 11

th
 2018, March 12

th
 

2018 and March 13
th

 2018 of IRNSS 1B satellite 

data is considered for analysis. The pseudo range 

values along with the ionospheric delay, 

tropospheric delay and satellite clock corrections 

with respect to time as obtained from the receiver 

are tabulated in Table 1.  

 

Table 1: Pseudo-range along with different errors 

corresponding to the time instant. 

 
 

These values are used to calculate the 

corrected pseudo range as given in (2). The 

corrected pseudo range value corresponding to the 

same time instant is shown in Table 2. 

 

Table 2: Corrected pseudo range measurements (m) 

 
 

The satellite positions and receiver position 

for the same epoch is given in Table 3 and 4 

respectively. The theoretically calculated pseudo 

range values using (3) is tabulated in Table 5 along 

with the corrected pseudo range obtained from the 

receiver.  

Table 3: Satellite position (Xsat, Ysat, Zsat) 
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Table 4: Receiver position (Xstn, Ystn, Zstn) 

 
 

Table 5: Pseudo range measurement difference (m) 

 

 
It can be observed from Table 5 that there 

is 4-10 meters difference between theoretical value 

and observed value. This error might be because of 

the multipath effects or any other unmodeled delays. 

This difference in range measurements was observed 

over 3 hours daily for three days at the same time 

period. 

Figure 1 shows the plot of range differences 

of 3 days over 1 hour of data. The x-axis is the time 

period in minutes and the y-axis denotes the error/ 

difference in pseudo range measurements, measured 

in meters. 

 
Figure 1: Plot of Pseudo range errors of 3 days over 

1 hour. 
 
 
 
 
 
 
 

 
Figure 2: Plot of Pseudo range errors of 3 days over 

3 hours. 

 

 Figure 2 is the plot of range differences of 3 

days over 3 hours of data. The x-axis is the time 

period in minutes and the y-axis denotes the error/ 

difference in pseudo range measurements, measured 

in meters. It can be observed that the pseudo range 

errors are in the range of 4-10 meters.  

 The tropospheric delay and ionospheric 

delay, as explained in section II have little effect on 

the pseudo range error compared to the satellite 

clock error. This is evident in Table 1. But, the 

tropospheric delay and satellite clock error observed 

are almost in the same range all throughout the day, 

whereas, ionospheric delay varies with solar activity, 

time of year, season and time of the day. Ionospheric 

delay is high in the day time and is at its peak during 

noon. It gradually reduces during evening and is 

minimum at the night, in the absence of the sunlight. 

The figure 3 shows this variation observed over full 

24 hours on one day. 

 

 
Figure 3: Plot of Ionosphere delay of one full day. 

 

It can be observed from Figure 3 that the mean 

ionospheric delay from 12 A.M to 3 A.M is 0.94 m, 

12 P.M to 3 P.M is 2.01 m and from 3 P.M to 6 P.M 

is 1.07 m. So, the ionospheric delay is less in the 

absence of sunlight and high during noon. 
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V. CONCLUSION 
For precise navigation solution the pseudo 

range needs to be corrected for the errors like 

satellite clock error, ionospheric delays, tropospheric 

delay, multipath delay etc. The satellite clock error 

accounts for the majority of the errors, while the 

tropospheric and ionospheric delays have less impact 

on the pseudo range measurement. The mean 

ionospheric delay of 0.94 m during the night, 2.01 m 

during the noon and 1.07 m in the evening implies 

that the delay is less in the absence of sunlight and 

high during noon.  The difference in the pseudo 

range measured and calculated, and the effect of 

different delays on the pseudo range measurement 

observed over 3 days is discussed in section II. Even 

after applying the corrections using (2), an error of 

4-10 meters is observed. This error might be because 

of the multipath effects or any other unmodeled 

delays. 
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