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Abstract 

The current manuscript describes a methodology to derive velocity and acceleration of NavIC satellites from the 

broadcast ephemeris. A fourth-order central differencing formula is used to derive NavIC satellites’ Earth-Centred-

Earth-Fixed (ECEF) velocity from the ECEF positions that are calculated using the standard IRNSS-SIS-ICD 

algorithm. The proposed methodology is quite simpler and straight forward than the conventional rotation matrix 

method and therefore it can be a very good alternative to the existing approaches. The same differencing formula has 

been further implemented to derive the ECEF acceleration form the ECEF velocities. Results obtained demonstrated 

that the satellites’ ECEF velocity can be approximated upto an accuracy of 0.6 mm/s while the ECEF acceleration can 

be of the further accuracy of within 0.06 mm/sec2 in each axis. 
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1. Introduction 
Indian Space Research Organization (ISRO) is in the process of deploying an independent 

regional navigational system with an operational name NavIC (Navigation with Indian 

constellation) (Gogoi et al., 2017). The present constellation of NavIC comprises of seven 

satellites, 3 GEO satellites located at 32.5º E, 83º E and 129.5o E and 4 GSO satellites with their 

longitude crossings 55º E and 111.75º E (two in each plane) (IRNSS SIS ICD, 2011). All these 

seven satellites are fully operational and currently NavIC provides a position accuracy better than 

20 meters over India and a region extending about 1500 km around India. The navigation system 

of NavIC is generally known as Indian Regional Navigation Satellite System (IRNSS). IRNSS 

User segment comprises of single and dual frequency navigation users operating on L5 and S 

frequencies.  

 

The objective of the current work is to provide a methodology wherein NavIC can be utilized for 

precise velocity and acceleration determination of a number of applications like automobile brake 

system testing, athlete monitoring, airborne gravimetry (Yun and Zheren, 2003), moving base 

gravimetry (Jekeli, 2016) and other varied applications. The velocities and accelerations of atleast 

4 IRNSS satellites must be determined and taken as known values to find the velocity and 

acceleration of a NavIC user. 

 

In this work, firstly we calculate the satellite Earth-Centred-Earth-Fixed (ECEF) position with the 

help of orbital parameters as obtained from broadcast ephemeris and according to the algorithm 

mentioned in IRNSS SIS ICD (IRNSS SIS ICD, 2011). Then we propose a simple methodology 

which uses the fourth-order central difference of a Taylor series approximations of the satellite 
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ECEF positions to derive the satellites ECEF velocity. Similarly, we utilize these ECEF velocities 

and the fourth-order central difference formula to derive the satellites ECEF acceleration. 

 

To validate the results, we have done a comparison exercise of our results with the velocities and 

accelerations derived from precise ephemeris and it is found to be in the excellent match. It has 

been observed that the ECEF velocity and ECEF acceleration using broadcast ephemeris and with 

the current methodology agrees very well with the precise ones within an accuracy of ±0.6 mm/s 

for velocity and ±0.06 mm/s2 for acceleration respectively. The paper has been arranged in five 

sections. Section 2 describes the IRNSS broadcast ephemeris (navigation message) and 

navigation file format, Section 3 the fourth-order methodology, Section 4 the results and analysis 

and finally Section 5 summarizes the whole work. 

 

2. IRNSS Broadcast Ephemeris 
For ease of convenience, the IRNSS broadcast navigation messages are converted into ASCII 

type and put into the form of standard RINEX (Receiver Independent Exchange) file format as 

RINEX navigation file. These files consist of two sections, namely, a header section and a data 

section. The header section consists of global information of the file and it is usually placed at the 

beginning of the RINEX file. It contains header labels in columns 61-80 for each of the lines in 

the header section. These labels are mandatory and they must appear exactly as shown in Fig. 1. 

 

The data section of IRNSS RINEX navigation file consists of the broadcast navigation 

parameters. The first row of each navigation data contains the satellite number, current epoch 

(year, month, day, hour, minutes and seconds) and the satellite clock information (bias, drift and 

drift rate of the clock) followed by the navigation parameters which include issue of data 

ephemeris, sine and cosine corrections to orbital radius, mean motion difference, mean anomaly, 

sine and cosine corrections to argument of latitude, eccentricity, semi-major axis of orbit, time of 

ephemeris, sine and cosine corrections to angle of inclination etc. as shown in Fig. 1.  

 

 

 

 
 

Fig. 1. Format for RINEX navigation data of IRNSS 
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In Fig. 1, we have shown the RINEX navigation file format for broadcast ephemeris of IRNSS. 

This format describes the orbital parameters in seven broadcast orbits and the definitions for each 

of the acronyms used has been represented in Table 1. 

 
Table 1. Ephemeris data definitions 

 
IODE Issue of Data ephemeris 

Crs Sine correction to orbital radius 

Δn Mean motion difference from computed value 

M0 Mean anomaly at reference time 

Cuc Cosine correction to argument of latitude 

e eccentricity 

Cus Sine correction to argument of latitude 

√a Square root of semi-major axis 

toe Time of ephemeris 

Cic Cosine correction to angle of inclination 

Ω0 Right ascension of ascending node 

Cis Sine correction to angle of inclination 

i0 Angle of inclination 

Crc Cosine correction to orbital radius 

ω Argument of perigee 

Ωdot Rate of right ascension 

idot Rate of inclination angle 

 
 
 

Fig. 2 shows a typical example of IRNSS navigation message in RINEX format (broadcast 

ephemeris) for 17 February 2017. 

 

3. Fourth-Order Central Differencing Formula 
To derive the NavIC satellites velocities and acceleration we first obtain the satellites ECEF with 

the position algorithm as documented in IRNSS SIS ICD (IRNSS SIS ICD, 2011). Next to derive 

the velocity and acceleration we used the central differencing techniques (Whittaker and 

Robinson, 1967). This technique was first used by Whittaker and Robinson in 1967 where they 

used Taylor series approximations about a fixed point. Then by using Taylor’s Remainder 

Theorem and the number of approximations, the desired level of accuracy can be achieved with 

the help of some simple algebraic calculations. In this work, we have used the following fourth-

order central difference formula
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Here fi represents the fundamental quantity and fi

` denotes the 4th order approximation of fi with 

respect to time and h is the time-step. Thus, when we chose f as position, f `gives us velocity and 

choosing f as velocity yields f ` as acceleration.  
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Fig. 2. IRNSS navigation data in RINEX format 
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4. Results and Analysis 
To carry out analysis we chose the IRNSS satellite IRNSS-1F and derive its velocity and 

acceleration for the Day of Year (DOY) 138 of 2017 i.e. 18-05-2017. Our results are shown in 

Fig. 3-6. Fig. 3 and Fig. 4 show side-by-side plots of velocity and acceleration in comparison with 

the velocity and acceleration obtained from precise ephemeris (running time of 120 seconds). One 

can see an excellent match between the two results in both the cases. 

 

 

 

 
 

Fig. 3. Velocity comparison of IRNSS-1F for DOY 138 (Year 2017): Precise vs Broadcast 

 

 

 

 

 
 

Fig. 4. Acceleration comparison of IRNSS-1F for DOY 138 (Year 2017): Precise vs Broadcast 
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In Fig. 5, we have shown the residuals of the 4th-order velocity to the velocity from precise 

ephemeris and in Fig. 6 we have shown the residuals of the 4th-order acceleration to the 

acceleration from the precise ephemeris. From the plot, one can clearly see an accuracy of 0.6 

mm/s for the ECEF velocity and an accuracy 0.06 mm/s2 for the ECEF acceleration. 

 

 

 
 

Fig. 5. Residual of 4th order derived velocity from precise one for Day of Year (DOY:138), starting from 

18:00:00 to 18:02:00 for IRNSS-1F 

 

 

 

 
 

Fig. 6. Residual of 4th order derived acceleration from precise one for Day of Year (DOY:138), starting 

from 18:00:00 to 18:02:00 for IRNSS-1F 
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5. Conclusion 
The work in this manuscript presented a simple methodology of deriving satellite velocity and 

acceleration from the broadcast ephemeris. This has the scope of finding NavIC user velocity and 

acceleration as well as in many important practical applications. The current methodology on 

compared with the results from precise ephemeris showed very excellent and promising results. 

Currently the methodology has been implemented for only one IRNSS satellites. Efforts are going 

on to test it for the full NavIC constellation and to implement it in real time mode.  
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