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Abstract. In the near future, four radio telescopes will be installed in Indonesia. Be-
sides the astronomical purposes, these telescopes are expected to support the ground
station for tracking the Artificial Earth Satellites (AES). In this study, we focus on the
development of AES simulation software, named AESSIMS, that can be used to aid In-
donesian radio telescope engineers in tracking the AES. This software is interactive and
web-based. It can track the AES position in real time as well as predict the position for
the near future. This software provides information about when a satellite signal can be
acquired and lost, which can be beneficial for radio telescopes to establish communica-
tion with the satellite. We visualize the use of this software by conducting a simulation
of satellite tracking by Indonesian future radio telescopes. Three Indonesian satellites
named LAPAN-A1/TUBSAT, LAPAN-A2/ORARI, and LAPAN-A3/IPB are consid-
ered in the simulation. This study demonstrates that AESSIMS simulation results for
Indonesian satellites and radio telescopes are consistent with the results obtained from
already existing satellite tracking simulation software.
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1. INTRODUCTION

To keep up with modern development of astronomy, Indonesian astronomers
have explored the development of new observatories in their country at suitable lo-
cations for multi-wavelength observations within the framework of the National Ob-
servatory (Hidayat et al., 2012). Radio waves are the main choice for reaching the
multi-wavelength domain because they have become established science, with tech-
nology that is also mature and now relatively inexpensive. Currently, a new observa-
tory called the Timau National Observatory is being built on Timor island near Mount
Timau. Besides its optical telescope, there is a plan to build a radio telescope in that
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observatory as mentioned on Master Plan of National Observatory (Mumpuni et al.,
2017). The type of radio telescope that have been proposed in Timau is a 20-meter
class of single dish with the frequency range of 1 up to 50 GHz. The dish is expected
to be used not only for single dish observation, but also as a part of interferometry and
Very Long Baseline Interferometry (VLBI) collaboration. The site is large enough
to include radio telescopes, and tests have shown that the radio astronomical signals
in the area are undisturbed and ideal for constructing a radio telescope (e.g., Hidayat
et al., 2014; Sitompul et al., 2021; Nurul Huda et al., 2021).

On the other hand, Indonesia recently has plans to build a 13-meter diameter
radio telescope at Bosscha Observatory, Bandung. This telescope will be part of an
international project called VLBI Global Observing System or VGOS (Petrachenko
et al., 2009). The telescope is expected to provide essential capabilities in monitoring
Earth Orientation Parameters and will play a significant role in establishing Celes-
tial/Terrestrial reference frames. Additionally, the new telescope has the potential to
track satellites.

Moreover, telecommunication antennae in Jatiluhur (West Java) and Parepare
(South Sulawesi) are currently being converted into radio telescopes. Indeed, the
telecommunication antennas in Jatiluhur was designed for receiving the information
of communication satellite and has diameter 18.3 meter. Meanwhile, the system in
Parepare was designed for receiving and recording the Earth observation data of the
synthetic aperture radar, the optical sensor, and satellite telemetry data. It has 11-
meter diamater that consists of a main reflector and a sub-reflector with frequency
selective reflecting surface that used to receive satellite data.

It is known that the radio telescopes, besides its astronomical purposes, can be
used to observe Artificial Earth Satellites (AES) whether as a single disk or as a net-
work (see e.g., Huang et al., 2011; Klügel et al., 2015; Hellerschmied et al., 2018).
Satellites emit various radio signals, such as those used for communication and nav-
igation, that can be detected by radio telescopes on the ground. By observing and
analyzing these signals, radio telescopes can determine the precise location, speed,
and other parameters of the satellites they are tracking.

AES has dramatically increased in number since 1950s. Up to now, there are
thousands satellites that were launched successfully into orbit. AES has various mis-
sions that have an essential role in human life, such as navigation, remote sensing,
communication, and defense (see e.g., Rumadi et al., 2020; Tang, Wang, and Chen,
2016; Ji-yang et al., 2016; Abdelsalam et al., 2019; Nicholas, Tkacheff, and Kuhns,
2016). These missions determine the AES configuration, such as the architecture,
batteries, sensors, altitude controller, and communication system (Baturkin, 2005).

Indonesia needs AES for several purposes such as for amateur radio commu-
nication, disaster mitigation, and agriculture. Up to now, there are three Indone-
sian satellites operated by National Research and Innovation Agency of Indone-
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sia (BRIN) named LAPAN-A1/TUBSAT, LAPAN-A2/ORARI, and LAPAN-A3/IPB
(Triharjanto, 2012). In order to monitor the position of these satellites, ground sta-
tions are needed. The new radio telescopes are expected to support the existing
ground station to monitor the satellite trajectory.

There are various reason for tracking the AES, such as for maintaining the AES
orbital catalog, improving the communication between the ground station and AES,
and increasing the quality of AES observation result (Bester, 1996). The calcula-
tion of orbital dynamics are an essential part on the AES tracking. The estimation
of AES orbits is crucial in order to maintain the AES in its track and determine the
satellite maneuvers if necessary. Moreover, as the number of satellites are exponen-
tially growing, a precise calculation is needed in order to avoid a collision with other
satellites or debris.

Tracking the satellites can be supported by creating a simulation that give the
information about the satellite orbital parameters in real time or even doing a pre-
diction. Here we developed an interactive and web-based AES simulation software
named AESSIMS (Artificial Earth Satellite Simulation Software). This software can
be used to support the Indonesian radio telescope engineers for tracking the AES.
In Section 2, we explain about the design of our web-based software and the de-
velopment process of this software. The results of satellite tracking simulation by
considering Indonesian radio telescopes is given in Section 3. Finally, the conclusion
is given in Section 4.

2. SOFTWARE DEVELOPMENT

In this AES simulation software, we are creating web-based software with two
different programming languages: Python as the back end and JavaScript as the front
end. The back end (server-side) is responsible for ensuring the front end (client-side)
works. The back end is developed using Django, an open-source high-level Python
web framework. The position of Earth satellites and stations (either radio telescopes
or ground stations) are modeled using Skyfield (Rhodes, 2019). Moreover, Skyfield
is utilized to determine the access time of stations to the AES. The AES position can
be predicted by the orbital element information provided by NORAD in Two Line
Element (TLE). The elements in TLE are based on the mean value derived from a
particular model and needed to fit several observations. Here ”mean” means the pe-
riodic components of the orbital evolution is removed. In order to reconstruct the
orbital evolution of AES, a similar algorithm has to be implied for reconsidering
the periodic terms. Here we adopted the SGP4 orbital model (Hoots and Roehrich,
1980). This model was created based on the analytical theory of Lane and Cran-
ford (1969) which models the atmosphere by a power density function and imply a
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Table 1

CZML properties to visualize orbit of satellites

Property Name Type Description
id String An ID of an object (Stations or Satellites)

name String The name that given to object (Station and Satellites)
availbility String A String of Time Range in Iso 8601 format that de-

termines when an object will appear in the simula-
tion

billboard Object A billboard is sometimes called a marker, this prop-
erty will draw viewport-aligned ”image” that posi-
tioned in the scene by the ”position” property.

label Object A Label will display String of Text that given and
place it aside of billboard. ”fillColor” and ”outline-
Color” can be defined here to set the color of the Text

path Object A path, which is a ”polyline” defined by the motion
of an object over time. The possible vertices of the
path are specified by the ”position” property. The
path is limited by using the ”leadTime” and ”trail-
Time” properties.

position Object Defines a position of an object according to ”carte-
sian” or ”cartographicDegrees” properties. The po-
sition can optionally vary over time.

polyline Object A polyline, which is a line in the scene composed of
multiple segments, ”color” can be defined here to set
the color of the polyline

cartesian Array of Double Specified position properties in three-dimensional
Cartesian value, [X, Y, Z], in meters relative to
the referenceFrame, If the position are vary, then ar-
ray value define as [Time, X, Y, Z]

cartographicDegrees Array of Double Specified position properties in Cartographic
WGS84 coordinates, [Lon, Lat, Alt], where Longi-
tude and Latitude are in degrees and Alt is in meters.
If the position are vary, then array value define as
[Time, Lon, Lat, Alt]

image Uri Uri of an image that will be displayed at ”billboard”
interpolationAlgorithm String The interpolation algorithm to use when interpolat-

ing. We used Lagrange polynomial interpolation.
interpolationDegree Double The degree of interpolation to use when interpolat-

ing.
referenceFrame String The reference frame in which ”cartesian” ”posi-

tions” are specified. Here we used Intertial reference
frame.

epoch String The epoch to use for times specified as seconds since
an epoch.

leadTime Double The time ahead of the animation time, in seconds, to
show the ”path”.

trailTime Double The time behind the animation time, in seconds, to
show the ”path”.

color rgba Defines color of an object that given in [r, g, b, a]
Format

fillColor rgba Defines fill color of an object that given in [r, g, b, a]
Format

outlineColor rgba Defines the outline color of an object that given in [r,
g, b, a] Format
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solution of Brouwer (1959) for the gravitational model.
Skyfield library gives the information such as the satellite position, time of

Acquisition of Signal (AOS), and time of the Loss of Signal (LOS). This informa-
tion are predicted from TLE through SGP4 perturbation model by initiating Class
EarthSatellite(E1,E2,E0, ta)=E where E1, E2, E0 are line 1, 2, and satellite name
in the TLE respectively. Here ta means the starting time of the prediction. For the
sake of visualization, we convert the satellite orbital elements from TLE into Carte-
sian coordinate (XY Z) relative to the Earth center. This can be done by using the
function E.at(t). The time of AOS and LOS can be retrieved by using the function
E.find event(λ,ϕ, ta, tb,h), where λ is longitude, ϕ is latitude, and h means the alti-
tude.

Fig. 1 – Flowchart of AES simulation software.

The front end is developed using an open-source 3D globes and maps JavaScript
library called CesiumJS. This library can visualize data provided in Cesium Lan-
guage (CZML). It is based on JavaScript Object Notation (JSON) data-interchange
text format. The output from Skyfield library is transformed into CZML format and
displayed by the CesiumJs library as a user interface. As shown in Table 1, sev-
eral properties are needed to visualize the AES trajectory and the ground station in
CZML. CZML is a format based on JSON that is used to describe graphical scenes
that change over time, primarily for display in Cesium, a web browser. It defines var-
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ious graphical elements, such as lines, points, models, and billboards, and specifies
how they evolve over time. In AESSIMS, Station and Satellite objects are created
using billboard and polyline properties, respectively. These objects are then stored
in an array and sent back to the AESSIMS frontend to be displayed in the Cesium
library. Each object in CZML requires an ”id” and ”availability” property, which
are mandatory. Cesium uses the ”id” to identify each object, while ”availability”
defines the time range during which the object is available. Additionally, objects
can be named using the ”name” property. When an object is clicked, its name and
description are displayed in the frontend.

AESSIMS can be accessed through the website https://satelitku.brin.go.id/. As
shown in Figure 1, the flowchart is divided into three sections, the landing page and
the user-configured page which consist of the login page and user-configured simu-
lation page. By default, the landing page shows the visualization of the Indonesian
AES trajectory with four Indonesian ground stations and a ground station in Spitsber-
gen. On the landing page, users also can visualize over 180 AES trajectories based on
https://celestrak.org/NORAD/elements/resource.txt TLE by clicking the “Celestrak
Satellites” button. Additionally, users can create a new account or login into their
existing account to configure their simulation at the login page.

At the user-configured simulation page, the user can add another station, such
as a radio telescope, or even another satellite by manually inputting the station name
and position data and the satellite TLE URL or inputting the elements. All the data
will be stored in the SQLite database so the users can view their configuration each
time they login.

As seen in Figure 2, there are several menus in this software. The detail of each
menu in the left-hand side figure is given as follows:

a: Home button (the default position of the globe),

b: Scene mode picker (changing screen mode into 3D / 2.5D / 2D),

c: Login/Logout Button,

d: Help button,

e: Control,

f: Timeline,

g: Fullscreen button.

The detail of right hand side figure of Figure 2 is:

a: Realtime Button (changing time into current time),
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b: Ring Pointer (controlling the speed of simulation whether it is for reverse or
forward simulation),

c: Ring Path (speed indicator which is already set by the ring pointer),

d: Timeline button (setting the satellite position based on a specific time),

e: Current speed information,

f: Current date information,

g: Current time information,

h: Play reverse simulation,

i: Play/Pause button (resume or pause the simulation),

j: Play forward simulation.

We can add the timeline of the AES trajectory in the software. Here the user can
interactively change the time by dragging the blue triangle bottom in the timeline bar
(timeline button). The time chosen by the user is shown in the bottom left. Further-
more, we can pause the movement by clicking the pause symbol. We can also choose
the type of movement of the AES, either forward or backward simulation.

Fig. 2 – Several menus that are available in the software. Left: menus in full screen mode; right:
menus in timeline part. Detail of each menu is given in the text.

3. SIMULATING SATELLITE TRACKING BY INDONESIAN RADIO TELESCOPES

In this work, we used AESSIMS software to simulate the tracking of satellites
by Indonesian radio telescopes. We simulated three AES of BRIN, called LAPAN-
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Table 2

Future radio telescopes that are considered in the simulation. EOP is Earth Orientation Parameters and

TRF/CRF mean Terrestrial/Celestial Reference Frame

Name Lat,Lon Altitude Diameter Scope of Observation

(meter) (meter)

Jatiluhur −6.522◦, 107.411◦ 131 18.3 EOP, TRF, CRF

Bosscha −6.824◦, 107.617◦ 1280 13 EOP, TRF, CRF

Parepare −3.978◦, 119.650◦ 75 11 EOP, TRF, CRF

Timau −9.597◦, 123.947◦ 1313 20 Maser, Galaxies, Solar System

A1/ TUBSAT, LAPAN-A2/ORARI, and LAPAN-A3/IPB. Four future Indonesian ra-
dio telescopes are considered in the simulation. Table 2 shows a brief explanation of
each telescope. All telescopes will be used to track the satellites in their idle time.

Each satellite has to be provided with an id, name, and availability. Object id
is essential since it is used as a reference for the access between the radio telescopes
and the satellites. For the radio telescopes, we need to provide information such as
longitude, latitude, and altitude. The Skyfiled library is used to calculate the cartesian
coordinate of AES from TLE. It is necessary to calculate the AOS and LOS of the
AES to determine the access between AES and the radio telescopes.

Figure 3 shows the visualization of AES trajectory and radio telescopes posi-
tion. The orange circle represents a field of view of satellite LAPAN-A2. Here the
trajectory of each AES has a different color for better visualization. Figure 3 shows a
zoom version. In this example, the AES named LAPAN-A2 is located above Indone-
sia. When the AES is on the horizon of the radio telescope, a blue line appears and
connects the AES to the radio telescope. This line automatically disappears when
the AES reaches the LOS time. Table 3 shows the example of the AOS and LOS
timetable for one day. The mentioned timetable can play a crucial role in planning
for radio telescope observations that are scheduled in the near future. The schedule
is particularly useful in two scenarios. Firstly, it can assist in mitigating the poten-
tial interference caused by satellite signals, which can have an adverse impact on the
accuracy of radio telescope observations. Secondly, the timetable can be used for
observing the satellite itself, allowing researchers to study and analyze data from the
satellite signal.

To confirm the accuracy of our findings, we compared them with those of other
software, specifically the Systems Tool Kit (STK) from Ansys Government Initia-
tives (https://www.ansys.com/products/missions/ansys-stk), which is a widely rec-
ognized software for simulating the AES’s orbital motion. In Figure 4, the time
differences between the AOS and LOS obtained from two different software are dis-
played. Here we compare the simulation results of the satellite tracking by a radio
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Table 3

AOS and LOS of each satellite during 16th October 2022. The time (hour:minute:second) is in UTC

Radio Telescope
Jatiluhur Bosscha Parepare Timau

Satellite AOS LOS AOS LOS AOS LOS AOS LOS
LAPAN-A1 07:06:13 07:17:40 07:06:06 07:17:36 05:34:13 05:38:00 05:30:32 05:38:03

08:42:00 08:53:38 08:41:56 08:53:31 07:05:27 07:18:32 07:03:48 07:16:47
19:17:59 19:30:20 19:18:02 19:30:25 08:46:11 08:49:10 17:42:58 17:53:34
20:55:13 21:04:56 20:55:21 21:04:57 17:43:11 17:50:56 19:18:06 19:30:06

- - - - 19:16:27 19:29:13 - -
LAPAN-A2 00:17:31 00:29:48 00:17:31 00:29:48 00:20:32 00:33:46 00:22:42 00:34:20

02:01:50 02:14:36 02:01:50 02:14:36 02:04:49 02:18:29 02:06:50 02:19:18
03:45:59 03:59:24 03:45:59 03:59:24 03:49:03 04:03:07 03:50:53 04:04:08
05:30:08 05:44:05 05:30:08 05:44:05 05:33:21 05:47:39 05:34:59 05:48:48
07:14:23 07:28:38 07:14:23 07:28:38 07:17:43 07:32:06 07:19:11 07:33:19
08:58:42 09:13:05 08:58:42 09:13:05 09:02:09 09:16:32 09:03:30 09:17:44
10:43:06 10:57:30 10:43:06 10:57:30 10:46:37 11:00:58 10:47:53 11:02:06
12:27:33 12:41:54 12:27:33 12:41:54 12:31:04 12:45:25 12:32:19 12:46:23
14:11:59 14:26:12 14:11:59 14:26:12 14:15:31 14:29:48 14:16:53 14:30:32
15:56:32 16:10:27 15:56:32 16:10:27 16:00:01 16:14:04 16:01:36 16:14:37
17:41:12 17:54:37 17:41:12 17:54:37 17:44:38 17:58:18 17:46:29 17:58:40
19:25:59 19:38:47 19:25:59 19:38:47 19:29:21 19:42:35 19:31:25 19:42:50
21:10:47 21:23:04 21:10:47 21:23:04 21:14:00 21:27:00 21:16:14 21:27:17
22:55:26 23:07:37 22:55:26 23:07:37 22:58:32 23:11:35 23:00:45 23:12:02

LAPAN-A3 01:18:22 01:27:57 01:18:29 01:28:01 11:31:12 11:42:39 11:29:30 11:41:04
11:32:38 11:41:05 11:32:33 11:41:02 13:08:03 13:12:45 21:55:36 21:59:10
13:05:02 13:15:54 13:04:58 13:15:49 23:23:50 23:35:12 23:24:59 23:36:31
23:26:41 23:35:08 23:26:38 23:35:15 - - - -

(a) (b)

Fig. 3 – Visualization of AES position and trajectory as well as the position of radio telescopes in
normal (a) and zoom version (b).
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(a) (b)

(c)

Fig. 4 – Time difference of AOS and LOS between AESSIMS (tAESSIMS) and STK (tSTK ) with
epoch in February 2, 2023 for all Indonesian satellites. Red and black lines represent the median value
of AOS and LOS time difference respectively. Here we consider the radio telescope in Parepare as an

AES signal receiver.

telescope located in Parepare. The results show that the median time difference for
all Indonesian satellites is less than one second. However, the time difference is rela-
tively greater for LAPAN-A1/TUBSAT. It should be noted that differences in various
versions of SGP4 could be the source of this variation. Moreover, here we did not
take into account other factors that could influence the simulation’s outcome, such
as solar radiation pressure. Despite this, the difference is not significant because
there is typically a minimum delay of 5 seconds before the satellite can communicate
with the receiver. These results suggest that the simulation is reliable, and the time
difference is acceptable.
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4. CONCLUSION

Indonesia has recently announced its intention to build new radio telescopes at
multiple locations. These telescopes are primarily designed for astronomical obser-
vations, but they can also be used to detect AES, either as an individual disk or as part
of a network. Our research is focused on exploring the potential of these telescopes
for tracking AES. Here we have developed a web-based simulation software called
AESSIMS that allows interactive modeling of the AES’s orbital dynamics. We built
this software based on Django and Skyfield as a back end and CesiumJS for its front
end. This software can be used to track the AES in real-time, predict the position of
AES in the future, or to see its position in the past. The orbital dynamics of AES
is depicted through three or two dimension visualization. In this study, we exam-
ined the use of this software by simulating the satellite tracking by Indonesian radio
telescopes. We found that the results of this software match the results of existing
software. This software can be used to help the technician for tracking the satellite
from each Indonesian radio telescope.
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Balss, U., Diedrich, E., et al.: 2015, Earth and space observation at the German Antarctic receiving
station O’Higgins. Polar Record 51(6), 590 – 610.

Lane, M.H., Cranford, K.H.: 1969, An improved analytical drag theory for the artificial satellite
problem, American Institute of Aeronautics and Astronautics, United States.

Mumpuni, E.S., Admiranto, A.G., Priyatikanto, R., Puspitarini, L., Nurzaman, M.Z., Mumtahana, F.,
Yatini, C.Y., Tanesib, J.L.: 2017, Selayang Pandang Observatorium Nasional Timau.

Nicholas, P.J., Tkacheff, J.C., Kuhns, C.M.: 2016, Measuring the operational impact of military SAT-
COM degradation. In: 2016 Winter Simulation Conference (WSC), IEEE, United States, 3087 –
3097.

Nurul Huda, I., Hidayat, T., Dermawan, B., Lambert, S., Liu, N., Leon, S., Fujisawa, K., Yonekura,
Y., Sugiyama, K., Hirota, T., et al.: 2021, Measuring the impact of Indonesian antennas on global
geodetic VLBI network. Experimental Astronomy 52(1), 141 – 155.

Petrachenko, B., Niell, A., Behrend, D., Corey, B., Böhm, J., Chralot, P., Collioud, A., Gipson, J.,
Haas, R., Hobiger, T., et al.: 2009, Design aspects of the VLBI2010 system-Progress report of the
IVS VLBI2010 committee. Technical report.

Rhodes, B.: 2019, Skyfield: High precision research-grade positions for planets and Earth satellites
generator, Astrophysics Source Code Library, record ascl:1907.024.

Rumadi, R., Kamirul, K., Armin, F., Bissa, S.Y.C., Prasetya, S.: 2020, Quantification of Physical
Blockage Based on Digital Surface Model (DSM) Dataset. In: 2020 International Conference on
Radar, Antenna, Microwave, Electronics, and Telecommunications (ICRAMET), IEEE, Indonesia,
13 – 17.

Sitompul, P.P., Manik, T., Batubara, M., Suhandi, B.: 2021, Radio Frequency Interference Measure-
ments for a Radio Astronomy Observatory Site in Indonesia. Aerospace 8(2), 51.

Tang, Y., Wang, Y., Chen, J.: 2016, High sensitive acquisition of signals for inter-satellite links of
navigation constellation based on two-dimension partitioned FFTs. In: 2016 IEEE International
Conference on Signal and Image Processing (ICSIP), IEEE, Beijing, China, 573 – 577.

Triharjanto, R.H.: 2012, Development of Micro-satellite Technology at the Indonesian National Insti-
tute of Aeronautics and Space (LAPAN). In: 17th CEReS International Symposium Proceedings, At
Chiba University.

Received on 19 October 2022


