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Introduction

The Two-Line Element set (TLE) is maintained by NORAD and is publicly available and used
for orbit information of space objects like satellites, space debris, etc in Earth orbits, accurate
satellite orbit prediction is very important for space missions, for space situational awareness
and collision avoidance. To predict the orbit of an object we need to implement the orbital
propagation through the Simplified General Perturbation Model 4 with a Two-Line Element
(TLE) data set.

The first release of source code for the SGP4 propagator was Spacetrack Report Number 3
(Hoots and Roehrich, 1980). [4], The Spacetrack Report Number 3 introduced SGP, SGP4,
SDP4, SGP8 and SDP8 to the user community. The current industry standards use
SGP4/SDP4. All these are compatible with the TLE data set which is provided by NORAD
(North American Aerospace Defense Command).

Two-Line Element Sets are frequently used to determine the orbital trajectories of space debris
and spacecraft. The precision of TLEs varies with the age of their issuance and the position of
the satellite, and therefore offer somewhat sloppy parameters for fine orbit computation.
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When using the SGP, SGP4, SDP4, SGP8, and SDP8 simplified perturbation models for the

satellite state vector calculations, the TLEs then become a standard data source [4]. TLE

statistics have been made available by the US government since 1970 and are calculated by a

Space Surveillance Network (SSN).

The TLE elements are widely used for many purposes, such as steering setup of the antennas

for communication with small satellites, space experiment planning, and processing and
interpretation of scientific data measured by small satellites.

I. LITERATURE REVIEW

The TLE elements are widely used because the satellites' TLE is publicly available, for
example in [11], and because many professional and semi-professional software packages [6]
or source codes exist for Matlab, C, FORTRAN, etc. [7]. But we have used the most updated
and ported python version of sgp4 [5]. Two-line element sets (TLEs), which are made
available to the public by the Joint Space Operations Center (JSpOC), are the main technique
of orbit determination for many small satellite operators. A satellite identification, an epoch,
six orbital components, and a B* term associated with the ballistic coefficient make up a two-
line element. The Standard General Perturbations 4 (SGP4) model, which is also made
accessible to the general public 1, 2, is intended for use with TLEs.

Il. METHODOLOGY

A.  TLE dataset
Since many years ago, the TLE catalogue has been made available to the public, first via
NASA and most recently via the www.space-track.org website. In addition, Celestrak
(http://www.celestrak.com) has long maintained a website where users can access the TLE
catalogue. Our TLE data set was requested from the celestrak which is from September 2022
to October 2022 and used to calculate the distance error in SGP4 propagation.
For research, we used KALAMSAT (NORAD ID: 43948) and HySIS (Hyper-Spectral
Imaging Satellite NORAD ID: 43719) which is an Earth Observation satellite by the Indian
space research organisation.

B.  setup
Now, to calculate the distance error for an object we take the TLE data set for that object for
time Towith that we predict the position of the object for the next day at time Sp and then we
take a new updated TLE data set of the same day and time T: of the object that we are
predicting the position of and calculate the position at time S; of an object with the updated
TLE.
We used the TLE of Sept 1 2022, to predict the position for Sept 2 2022, and the TLE of Sept
2 2022, to predict the position for Sept2, 2022. These calculations are done for the next 10-
days for both NORAD ID 43984 and NORAD ID: 437109.
Figure 1 demonstrates the distance error of 1 day out for the next 10 days of time period for
kalamsat (NORAD ID: 43984)
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Fig. 1.10 days distance error of KALAMSAT (NORAD ID: 43719)

Figure 2 demonstrates the distance error of 1 day out for the next 10 days of the period for
kalamsat (NORAD ID: 43984)
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Fig. 2.10 days distance error of HySIS (NORAD ID: 43719)
We also calculated the average distance error for 10 days out error for both objects. We used
the data from Sept 1 2022 to Oct 1 2022 for 1 day out to 10 days out.
Figure 2 demonstrates the distance error of 1 day to 10 days out from Sept 1 2022 to Oct 1,
2022, of the period for kalamsat (NORAD ID: 43984)
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Fig. 3.Average distance error from 1 day out to 10 days of KALAMSAT (NORAD ID:

43984)

Figure 2 demonstrates the distance error of 1 day to 10 days out from Sept 1 2022 to Oct 1,
2022, of the period for kalamsat (NORAD ID: 43984)
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Fig. 4.Average distance error from 1 day out to 10 days of HySIS (NORAD ID: 43719)

Fig. 5.
1. RESULTS
The following are the result data that we obtained from our research
TABLE . RESULT
CALAMS | hysis
woRao | 07RO
ID: 43984 )
2 day outavg | 1.9546666 | 1.1416666
distance error 666667 666667
4 day outavg | 7.2113333 | 2.8363333
distance error 333333 333333
6 day outavg | 12.694133 | 5.3653333
distance error 333333 333333
8 day outavg | 37.693333 | 79.466666
distance error 333333 666667
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10 day out avg | 57.903333 | 107.86666
distance error 333333 666667

IV. ACCURACY
According to Hartman (1993) [9], "trust” in SGP4 propagation could only be assured for a
short period of time. This result was reached after looking at a number of satellites in various
orbital classes. When the propagation error was greater than 25 kilometers, TLES were used to
make the determination (compared to future TLE values).
A comparable investigation using GPS satellites was carried out by Kelso (2007) [10]. He
specifically addressed consistency and abutment checks of the ephemeris information, using
the exact GPS ephemerides as a baseline. He discovered that the TLE data include potentially
large biases and that different satellites’ backwards and forwards propagation accuracies
frequently vary.
Of course, the overall accuracy is constrained by the mathematical implementation. The
precision is additionally constrained by the generation of TLEs (Orbit Determination).

V. CONCLUSION AND DISCUSSION
In this study, we showed that the orbital error of SGP4 with the TLE data set can increase
drastically if not updated regularly. This is why the TLE data sets need to be regularly
calculated and updated. The mathematics and source code used to forecast satellite positions
were made public by the US Department of Defense (DoD) in SpaceTrack Report Number 3
more than 25 years ago [1].
The DoD's two-line element sets, which were readily accessible through NORAD and other
agencies, were the only source of orbital data, therefore this code spread among customers that
need precise results.
However, end users altered the code to fix how the equations were implemented and deal with
uncommon situations that came up during operations. Numerous new versions and generated
programmes outside the DoD incorporated these changes [1].
The publically accessible version of the original STR#3 code no longer corresponds to the
version used by DoD to create the TLEs since the modifications made to it have not been
made available to the public in their entirety. Fortunately, we were able to create a non-
proprietary version that is, in our opinion, current and correct thanks to independent initiatives,
technical publications, and source code [1].
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