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ABSTRACT 

The asteroid Apophis, first discovered in 2004 by American astronomers, is known to have a 
dangerous potential for planet Earth. Many early studies predict that in 2029 it will experience a 
close encounter and have a possible collision with the Earth at the next close encounter due to 
keyhole gravity. This research will explain how to carry out an orbit simulation using an orbit 
integrator to review this possibility and the evolution of the Apophis asteroid orbit over the next 
500 years. The results of this study are expected to provide an understanding of simulating asteroid 
orbit from its orbital parameters and to build awareness of the threat of danger from small solar 
system objects such as asteroids, comets, and meteoroids. 
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ABSTRAK 

Asteroid Apophis yang ditemukan pada tahun 2004 oleh astronom Amerika, dikenal memiliki 
potensi berbahaya bagi planet Bumi. Banyak penelitian awal yang memperkirakan bahwa pada 
tahun 2029 asteroid ini akan mengalami papasan dekat dengan Bumi dan berkemungkinan 
mengalami tabrakan pada papasan dekat berikutnya akibat keyhole gravity. Penelitian ini akan 
memaparkan bagaimana melakukan simulasi orbit asteroid menggunakan integrator orbit untuk 
meninjau kembali kemungkinan tersebut dan bagaimana evolusi orbit asteroid Apophis selama 
500 tahun ke masa depan. Hasil dari penelitian ini diharapkan mampu memberikan pemahaman 
tentang cara melakukan simulasi orbit asteroid dari parameter orbitnya, sekaligus sebagai upaya 
membangun kewaspadaan terhadap ancaman bahaya luar angkasa dari benda kecil tata surya 
seperti asteroid, komet, maupun meteoroid. 

 

Kata kunci: Apophis, Efemeris, Sistem pertahanan planet 

 
 

INTRODUCTION 

At the end of 2021, a movie entitled "Don't Look Up" caught the attention of science fiction 
movie lovers. The film talks about Kate Dibiasky (Jennifer Lawrence), an astronomy graduate 
student, and her professor Dr. Randall Mindy (Leonardo DiCaprio), making a surprising 
discovery about a comet orbiting within the solar system. The problem is - it's on a direct 
collision course with the Earth. Another problem is that no one seems to care. It turns out that 
warning humanity about a planet-killer the size of Mount Everest is a detailed fact to convey 
and resolve. There are many diverse views on this event, be it concerns for the survival of living 
things, distrust  of scientific predictions, and some even see it as a business opportunity. So the
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film's title, "Don't Look Up," is an expression for those who don't believe or don't care about the 
fact that comets exist (Little, 2022). 

Comets and other small objects in our solar system, such as asteroids and meteoroids, have 
destructive potential. The existence of asteroids in our solar system is one thing that cannot be 
denied, and it is even believed that asteroids bombarded our Earth at one time. This 
bombardment was also experienced by other massive objects in the solar system, such as the 
planet Mercury and our satellite, namely the Moon, whose surface we can still see many signs 
of collisions from Asteroids (Lang, 2011). Observations show that asteroids are divided into 
several populations, most of which are in the main belt between Mars and Jupiter, the Kuiper 
belt across from Neptune, and the area around Earth (Riza et al., 2022). 

There is another population of asteroids known as Near-Earth asteroids (NEAs). This 
population is conventionally defined as small bodies with a perihelion distance of less than or 

equal to 1.3 au (Astronomical Unit; 1 au equals 149,597,870.7 km). Compared to the main belt 

asteroids (MBAs), NEAs tend to be smaller and irregularly shaped with short dynamic life 
spans. NEAs with a minimum orbital intersection distance (MOID) to the Earth’s orbit of less 
than 0.05 au and an absolute magnitude H less than or equal to 22 (approximately 140 m in 
diameter) are officially classified as Potentially Hazardous Asteroids (PHAs). This naming is 
not to ensure that there will be a collision with the objects in question but to indicate that they 
can cause massive damage upon collision with Earth (Satpathy et al., 2022; Vernazza et al., 2021 
). 

NASA provides information about PHAs at the site at cneos.jpl.nasa.gov/sentry/, as well as at 
newton.drn.unipi.it/neodys2/ (Thiry & Vasile, 2016). The PHAs can experience a deep close 
encounter with the Earth or even crashes directly. Based on existing records on the Earth, a 
collision with an asteroid of 100 meters in diameter can cause local damage, for example, the 
Tunguska event caused by a 60 meters asteroid (Davydov, 2021). The other case is the 
Chelyabinsk event which is associated with a 17 meters asteroid (Mashkova et al., 2019). 
Asteroids up to one kilometer in diameter can cause an associated regional catastrophe. Earth 
faces a global catastrophe when the size of the asteroid is larger than one kilometer (Sokolov et 
al., 2019). 

Modern observation tools made it possible to detect and investigate dangerous asteroids, and 
the development of space awareness systems made it possible to solve the problem of 
preventing an asteroid collision with the Earth. In early October 2022, international cooperation 
between NASA and ESA succeeded in carrying out a test mission to change the asteroid's orbit. 
NASA, in this case, the Planetary Defense Coordination Office (Andrews et al., 2021), plays a 
role in developing the Double Asteroid Redirection Test (DART) mission which crashes 
satellites into asteroids known as kinetic impactors. At the same time, ESA carries out the 
Asteroid Impact and Deflection Assessment (AIDA) mission, which will be a follow-up mission 
to characterize targets and measure deflection results (Cheng et al., 2018; Paris, 2020). 

In the case of amateur astronomers, they can perform calculations and re-analyze the orbit of an 
asteroid or comet to inspect whether or not a close encounter or even a collision is possible. 
Furthermore, we can understand in depth whether these small objects are dangerous or not 
from their ephemeris that can be obtained from observations (Chichura et al., 2022). This article 
will explain step-by-step how to determine the orbit of an asteroid and the potential danger it 
has, with the object as the case is asteroid Apophis. Apophis is an interesting asteroid because 
its initial collision probability is estimated to be as high as 2.7% for the year 2029. It is expected 
to enter what is known as a gravity keyhole, which could exacerbate the probability of an impact 
in 2036 (Sokolov et al., 2021; Fauziah et al., 2020; Utama & Rusdiana, 2020).
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METHODOLOGY 

The materials/tools used in this research are as follows: 
1. Asteroid ephemeris data 
2. Laptop 
3. The Solevorb.exe program 
4. Orbe.exe program 
5. Colosionlab.exe program 
6. Grafica.exe program 
7. Evolucion.exe program 
8. Vis2orbit.exe program 

Our research method is experimental (Taşcan & Ünal, 2021), by reconstructing the orbit of the 
asteroid Apophis based on ephemeris data (available from 
https://ssd.jpl.nasa.gov/tools/sbdb_lookup.html#/?sstr=apophis&view=VOPCRA). We 
employed the Solevorb program to integrate the asteroid's orbit for the next 500 years to 
determine the possibility of the asteroid experiencing a close encounter or collision with the 
Earth. We also employed the Orbe program to check the consistency of the calculated orbit. 
After that, we performed close encounter distribution analysis and created an orbit evolution 
animation using the Colisionlab program. The three selected programs above are based on the 
Windows operating system and can be freely downloaded at 
http://www.fisica.edu.uy/~gallardo/#Program. 

 

RESULTS AND DISCUSSION 

Every solar system object has a parameter representing its position and motion (Mulyani et al., 
2020). Like planets that interact gravitationally with the sun, so does the asteroid. Furthermore, 
small objects, such as asteroids, are also influenced by gravitational attraction from massive 
bodies. For orbit integration, we need to provide the orbital elements of the planet besides the 
asteroid itself. The six orbital parameters consist of semimajor axis (a), eccentricity (e), 
inclination (i), longitude of ascending node (Ω), argument of perihelion (ω), and mean anomaly 
(M) as shown in Figure 1 (Greenberg, 1982). 

 
Figure 1. Ω is the longitude of the ascending node in the reference plane, xy, measured from  

the x reference direction. The perihelion argument, ω, is measured from node  
to perihelion in the plane of the orbit (Gallardo, 2019).

 

https://ssd.jpl.nasa.gov/tools/sbdb_lookup.html#/?sstr=apophis&view=VOPCRA
http://www.fisica.edu.uy/~gallardo/#Program
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The asteroid Apophis's orbital parameter (OP) comes from the Small-Body Database Lookup 
site for a particular epoch (the time when the orbital parameter is calculated), as tabulated in 
Table 1. We also cloned up to 1000 asteroids as virtual objects of the nominal asteroid (Apophis) 

with variations within 5 (5 times the nominal orbital uncertainty value of Apophis). Due to 
program limitations according to the number of objects being calculated, then we first divide 
1001 objects into three calculation batches, namely batch-1 (consisting of 451 asteroids), batch-2 
(consisting of 451 asteroids), and batch-3 (consisting of 99 asteroids, including the nominal 
asteroid Apophis). 

Table 1. Parameters orbit of the asteroid apophis 

OP a e i ω Ω M 

Value  0.922710 0.191457 3.339191 126.60026 203.95842 58.064946 

Sigma 2.28E-09 1.21E-09 1.10E-07 4.09E-06 3.78E-06 7.72E-07 

 
Before we employ the Solevorb program to integrate the orbit, we need to prepare some 
parameters (model of the solar system, computation duration, time step, etc.) as input for the 
program, saved by default in the file solevorb.ent (see Figure 2). Then we run the integrator 
from the Windows Command Prompt. The screenshots of the running program and final 
computation are shown in Figure 3. At the end of the computational process, the program gives 
some output files, namely (1) orbits (contains orbital elements a, i, e, Ω, ω, and M for each object), 
(2) xyzv (positions in x,y,z axis and corresponding velocity vx,vy,vz, (3) encuent (close 
encounter data among asteroids and planets), (4) colisio (collision event data), and (5) finales 
(contains data on close encounter and object ejection event). Some of the close encounter events 
with the Earth experienced by asteroid Apophis is presented in Table 2. The t enc is the time in 
years from the starting point of calculation (initial epoch) so that t1 enc = 6.682, which is the 
year 2029 for the close encounter to occur, t2 enc = 66.6795, which is the year 2089, t3 enc = 
44.6789, which is the year 2067, and t4 enc = 81.6781, which is the year 2104. 

 
Figure 2. The screenshot of solevorb.ent file 

       

 
Figure 3. Orbit integration with the solevorb program
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Table 2. Some close encounters experienced by apophis with planet earth 

t enc dm/R Vp(km/s) Energy Planet Asteroid 

6.682 6.10 7.4 0.7578 3 1010 

66.6795 6.60 7.31 0.7603 3 499 

44.6789 10.90 6.76 0.7597 3 571 

81.6781 14.00 6.56 0.7572 3 890 

 
By adding the number of days to the initial date of calculation or initial epoch, we obtained that 
the first close encounter with the Earth will occur on April 14, 2029, at 14:25:26 (UT). In the 
Small-Body Database Lookup website, NASA stated that the close encounter will occur on April 
13, 2029, at 21:46 (UT) with a minimal distance of 5.96 times the Earth’s radius and a relative 
speed of 7.42 km/s. There are differences between our computations with those of NASA. Our 
results are about 16 hours later for the close encounter event with 0.14 times the Earth’s radius    
farther for minimal distance, and a slower relative speed of 0.02 km/s.  

Further studies and significant analysis from photometry, spectroscopy, and radar ruled out the 
impact in 2029 and 2036 (Satpathy et al., 2022). Even the latest radar observations from 
Goldstone cancel out the risk of impact in 2068 and further show that Apophis poses no threat 
to Earth for at least another hundred years. This statement was also revealed from our results 
using Solevorb, that a close encounter within a distance less than 15 times the Earth’s radius 
only occurs up to 81 years into the future. We also employed the Orbe integrator to check the 
consistency of our results. We found that our results from the two integrators are identical. 
Furthermore, we plot the orbital elements (a, e, i) as a time function, as seen in Figure 4 (a,b,c). 
These three parameters are not changed significantly for the next 500 years as no significant 
disturbances can change its orbit. 
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(c) 

Figure 4. The evolution of a, e, and i of apophis for 500 years in the future. 

 
To obtain more information needed to calculate the minimum orbital intersection distance 
(MOID) of an asteroid or comet with a particular planet, we employ the Colisionlab program. 
Using one of the outputs of the Colisionlab program as input for the grafica program, we can 
visualize the spatial distribution of encounters with respect to planets. Using the Evolucion 
program we can visualize the 2D orbit of the asteroid. 

The first step in running the Colisionlab program is selecting a planet and entering the asteroid's 
orbital element. The program will then begin to calculate the asteroid's orbit due to planetary 
disturbances and the geometry of the encounter experienced by the asteroid with the planet. 
The program records all the computations in two files; those are encuentros.txt and evolorb.txt, 
as shown in Figure 5, which can be opened with any text editor. 
 

 
Figure 5. Two Output Files of CollisionLab.exe: encuentros.txt and evolorb.txt  

 
The second step is to visualize the spatial distribution of all encounters by executing the Grafica 
program. The distribution of Apophis’ encounter with the Earth throughout the computation 
duration is shown in Figure 6. 
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Figure 6. Apophis’ encounter distribution with the earth  

 
The third or the last step is to run the Evolucion program, which will display the evolution of 
the orbit over time: the blue ellipse represent the planet’s orbit, the green ellipse for asteroid’s 
orbit, the yellow dot represents the sun, the green vector represents the asteroid's perihelion 
direction, and the blue line represents the nodal line of the asteroid's orbit. The orbits 
comparison at the initial epoch with the one in 2029 can be seen in Figure 7, which was 
constructed using the Vis2orbit program from Gallardo (2017). 

 

     
(a)                                                              (b) 

Figure 7. Evolution of the apophis’s orbit (a) at initial epoch (b) in 2029 

 
Even though Apophis wouldn't harm Earth hundreds of years into the future, this asteroid 
remains an attractive "virtual impactor" for the planetary defense community. Apophis became 
the subject of a planetary defense exercise from December 2020 – March 2021 as it provides 
lessons on the ability to observe and model potential impactors (Reddy et al., 2022). Data 
products derived from astrometric observations are then fed into risk assessment models or 
orbit integrators, enabling real-time updating of probability calculations and possible impact 
locations. The availability of data from photometry, spectroscopy, and radar observations 
provides added value for assessing potential risks (Mainzer et al., 2021).
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So that it can take preventive measures against the danger of asteroid collisions with the Earth, 
which NASA has successfully carried out in the trial of changing the asteroid's orbit with the 
kinetic impactor technique on NASA's Double Asteroid Redirection Test (DART Mission, 2022) 
mission on September 26, 2022, 23:14:24.183 UTC. DART is a low-cost spacecraft launching in 
2021 that aims to navigate a crash into the small asteroid Dimorphos with 570 kilograms weight, 
and is approximately 1.8x1.9x2.5 meters (Raducan et al., 2022). 

 
CONCLUSION  

The results of orbit computation and the close encounter experienced by Apophis with planet 
Earth by employing the Solevorb program provide a predictive value that is not much different 
from the results of NASA. Amateur astronomers can use data from asteroid observations as 
input for the orbit integrator program to predict orbits both to the future and to the past. 
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