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ABSTRACT 
Indian regional satellite system (IRNSS) by ISRO is satellite system of India. IRNSS is used 
for a variety of applications. It provides navigation and timing services to all the users. For 
using it for navigation purposes the data extracted from the receiver is to be pre-processed 
before using it for position estimation or for applying any algorithms. Initially the raw data is 
taken from the receiver and converted into RINEX format using the receiver converter 
software. In this paper, the processing of RINEX data extracted from the receiver is explained 
which results in extraction of all the ephemeris parameters from navigation file of RINEX data 
and pseudoranges from the observation file. The parameters thus extracted can be used with 
development of various algorithms or can be used for any application. The results indicate 
extraction of the parameters corresponding to RINEX 3.03 version navigation and observation 
files of 24 hour data. 
 
1. INTRODUCTION  

For using GNSS for various applications, it is indeed required to extract various parameters to 
estimate the atmospheric correction parameters and to calculate the position of the satellite. 
Earlier GPS was the only GNSS system that is used for navigation purposes and the ambiguity 
regarding the observable parameters is less. Later many GNSS systems of various countries 
were launched such as BeiDou, GLONASS (Globalnaya Navigazionnaya Sputnikovaya 
Sistema), Galileo, QZSS(Quasi-Zenith Satellite System), Navigation with Indian Constellation 
(NavIC) /IRNSS  with each GNSS system following its own system time and other parameters, 
are widely used for better accuracy. The RINEX format was developed and enhanced to allow 
different receivers to exchange and use each other's data in a common format. This allows 
researchers, engineers, and others to easily compare and combine GNSS data from different 
sources. 
2. RINEX: 

RINEX stands for Receiver Independent Exchange Format. RINEX was initially developed for 
the easy exchange of the GPS and other navigation systems such as IRNSS, GLONASS data 
to be collected and analysed. 

RINEX files contain information about GPS signals received by a GPS receiver, such as the 
time of the observation, the satellite transmitting the signal, and the signal strength. The data 
is stored in a standard format that can be easily accessed and analysed by different software 
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programmes. It is a standard ASCII format (as the name suggests, it is independent of the 
receiver). Three major RINEX versions have been developed so far. 

 RINEX VERSION 1 : This is the first RINEX version that has been presented. It was 
developed in 1989. 

 RINEX VERSION 2: RINEX Version 2 was presented and accepted in 1990 to mainly 
include tracking of other satellite systems such as GLONASS and SBAS. 

      Later, subversions of version 2 had been developed to include other improvements, such as 

 Version 2.10: Among other minor changes, it allows for sampling rates other than 
integer seconds and introduces raw signal strengths as new observables. 

 Version 2.11: This is the last official version of RINEX 2, which includes the definition 
of a two-character observation code for L2C pseudoranges and some changes in the 
Navigation Message Files. 

 RINEX VERSION 3: This is the latest RINEX version that has been developed since 
the early 2000s. 

At that time, new constellations such as QZSS, IRNSS, and BeiDou were added, and they 
started transmitting new signals, which made it clear that RINEX 2 is not capable of handling 
tracking modes and satellites efficiently. This has paved the way for a more efficient and 
standardised version of RINEX. 

Other subversions of RINEX 3 are: 

 RINEX 3.00: launched in 2007, which fully supports multi-GNSS systems. 
 RINEX 3.01 was introduced in 2009. In this version improvements to generate 

consistent phase observations across various tracking modes and channels. 
 RINEX 3.02: Introduced in 2013 to extend its support for the Japanese Navigation 

System, 

             QZSS (Quasi-Zenith Satellite System) and additional information regarding BeiDou 

 RINEX 3.03: Introduced in 2015 to extend its support for the Indian Navigation System, 
NavIC/IRNSS 

 RINEX 3.04 was introduced in 2018 to add clarifications for signal tables. 
 RINEX 3.05: Last version of ‘3’ Format In this major revision, reconstructions have 

been made for easy reading and understanding. 

RINEX files are mainly used for data analysis, post processing, Quality control, Data sharing. 

2.1 RINEX file formats: 
 RINEX version 3.03 files were considered for our analysis. RINEX mainly consists of two file 
formats namely Observation file and Navigation File.          
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2.1.1 RINEX NAVIGATION FILE:   
A RINEX (Receiver Independent Exchange Format) navigation file is a standardized file 
format used in GNSS applications. It is a text file that contains the broadcast ephemeris data 
for GNSS satellites, which is used by receivers to calculate satellite positions and other 
information needed for navigation. 
A typical RINEX navigation file contains a header section and a data section. The header 
section includes information such as the satellite system (e.g., GPS, GLONASS, Galileo), the 
start and end time of the data collection, and the type of data (ephemeris, clock corrections, 
etc.). The data section includes the ephemeris data for each satellite, which includes 
information such as the satellite's position and velocity, clock bias, and other parameters. 
The following figure shows the RINEX navigation file: 

 
 
Figure 1: RINEX navigation file of IRNSS data version 3.03 
 
2.1.1 a)NAVIGATION HEADER: 
The following are the important parameters of Navigation file: 
a) RINEX VERSION / TYPE:  It comprises of − Format version: 3.03;  -  File type ('N' 

denotes Navigation Data);  − Satellite System: G: GPS,  R: GLONASS E: Galileo; J: 
QZSS; C: BDS; I: NavIC/IRNSS;  S: SBAS M: Mixed 

b) PGM / RUN BY / DATE: It includes name of the program creating current file, agency 
name creating file,  date and time of file creation.  

c) IONOSPHERIC CORR: It contains the  Ionospheric correction parameters− Correction 
type: GAL = Galileo ai0 - ai2, GPSA= GPS alpha0 - alpha3, GPSB= GPS beta0 - beta3, 
QZSA = QZS alpha0 - alpha3, QZSB = QZS beta0 - beta3, BDSA = BDS alpha0 - alpha3, 
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BDSB = BDS beta0 - beta3, IRNA = NavIC/IRNSS alpha0 - alpha3, IRNB = NavIC/IRNSS 
beta0 - beta3. 

d) TIME SYSTEM CORR: It includes the difference between GNSS system time and other 
time systems. 

e) END OF HEADER: It has the Final record in the header section 

2.1.1 b) NAVIGATION FILE DATA RECORD DESCRIPTION 
Data records contain all the parameters of an ephemeris file. It has one SV/epoch/SV clk row 
and seven broadcasting orbits for each epoch time. The similar style is observed for subsequent 
epoch times of various Satellites. 
The following parameters are observed in Ephemeris data records: 
SV / EPOCH / SV CLK : The satellite PRN number is a unique identifier   assigned to each 
IRNSS satellite. 
Epoch: The epoch time is the time at which the ephemeris data was calculated. It is usually 
given in GPS time, which is the time kept by the GPS satellites. Toc ( Time of Clock) is 
generally year , month, day, hour, minute, second. 
 SV clock bias (seconds): A correction factor that accounts for the difference between the 
satellite's clock time and GPS time. 
SV clock drift (sec/sec): A correction factor that accounts for the rate at which the clock bias 
is changing.  
SV clock drift rate (sec/sec2)     A correction factor that accounts for the rate at which the 
clock drift is changing. 
Table 1: Broadcast orbit 0 of navigation file 
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Table 2: Broadcast orbit 1 and 2 of navigation file 

 
Table 3: Broadcast orbit 3 and 4 of navigation file 

 
 
Table 4: Broadcast orbit 5, 6 and 7 of navigation file 
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The tables 1, 2, 3 and 4 details the information carried by various broadcast orbits of the 
navigation file. 
2.1.2  RINEX OBSERVATION FILE  

A RINEX (Receiver Independent Exchange Format) observation file is a standardized file 
format used in GPS/GNSS (Global Navigation Satellite System) applications. It is a text file 
that contains raw GNSS measurement data collected by a receiver, such as code and carrier 
phase measurements, satellite ephemeris and clock corrections, and other related information. 
Each RINEX file contains a header and data section. The header part consists of global 
information and usually placed on top of the file and succeeded by data section. As the above 
given observation file is a mixed type, it has recorded the observations of 4 GPS satellites and 
7 IRNSS satellites  for every second for 24 hour duration.  Data part of the Observation File 
mainly consists of two records. They are Epoch record and Observations record. 
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Figure 2: RINEX observation file of IRNSS data version 3.03 
 
2.1.2 a) OBSERVATION FILE HEADER: 
The IRNSS Observation data header section consists of  

 RINEX version /Type: 
It represents the format version (Ex:3.04,3.03, 3.02, 2.11, etc.), type of file for IRNSS 
Navigation file (O-IRNSS OBSERVATION DATA), satellite system (I-IRNSS). 
 

 Program/Run by/Date: 
It represents the name of the program (IRNSS NAV GEN) creating a file, the name of an 
agency or equipment creating file, Date and time of file creation. 
 

 Marker name: 
It represents the name of the antenna marker. 

 Marker number: 
It represents the antenna marker number. 
Ex: 0, 13101M010. 

 Marker type: 
There is a different type of markers 

a. HUMAN. 
b. GEODETIC.  
c. NON-GEODETIC. 
d. ANIMAL. 
e. AIR BORBE. 
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f. SPACEBORNE. etc. 

 Observer / Agency: 
It represents the agency name of the observer /agency. 

 Receiver/ Type/ Version: 
It represents the receiver number, it’s type, internal version(software). 

 Antenna / Type: 
 It represents type of an antenna number, type of antenna. 

 Approx. position XYZ: 
It represents the geocentric approximation position in terms of the X, Y, Z coordinate 
system. 

 Antenna: Delta H/E/N: 
 It represents the height of the antenna, horizontal eccentricity in East /North. 

 Observation types: 
It shows how many different observation kinds and bands there are for a certain satellite 
system. 
Ex: C5C, L5C, D5C, S5C (Pseudo Range, Carrier Phase, Doppler, Signal Strength). 

 Signal strength unit: 
It represents the strength of the signal in terms of dbHz. 

 Interval:  
It represents observation file interval in seconds. 

 Time of first observation: 
It represents the first observation time record. The interval may be in terms of a year, 
month, day, hour, minute, second. 

 Time of last observation: 
It represents the last observation time record. The interval may be in terms of year, month, 
day, hour, minute, second. 

 System / Phase shift: 
It represents the system phase shift corrections used that can used to generate phase shifts 
in cycle shifts in satellite systems, type. band etc. 
 

2.1.2 b) NAVIGATION FILE DATA RECORD 
The body of RINEX Observation data consists of pseudo ranges, lines data divided into the 
sections those parameters are 

 Visible satellites. 

 Year. 

 Day. 

 Hour. 

 Minute. 

 Pseudo ranges. 
 

3. RESULTS  
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The RINEX navigation and observation files discussed in section 2 are taken as the inputs 
and the programs are written in in MATLAB to extract all the parameters of both the files. 
Figures 3 and 4 indicate the results thus obtained of the extracted parameters. Figure depicts 
the extracted parameters of IRNSS navigation file considering a duration of 24 hour data. 
Figure 4 illustrates the extracted pseudoranges, signal strengths of IRNSS from mixed 
observation file considering the RINEX data file of 24 hour duration.   

 
                                             Figure 3: Extracted parameters of RINEX navigation file 

 
Figure 3: Extracted parameters of RINEX observation file. 
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4. CONCLUSIONS 

The IRNSS RINEX data are processed and all the parameters are extracted pertaining to both 
the navigation and observation files. The MATLAB is used for processing of RINEX 
observation data file and RINEX navigation data file. From observation data file, observed 
pseudoranges are extracted and stored in the variable. From RINEX navigation data file, the 
ephemeris data has been extracted and stored in the variable which can be further used for 
further processing like position estimation etc. 
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