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I. INTRODUCTION

The number of space debris around Earth is growing
exponentially. New rocket launches, defunct satellites,
collisions between existing debris and spacecraft create
more and more debris over time. All this debris renders
certain orbital regions unusable. According to ESA, there are
about 54,000 space objects greater than 10 cm (including
approximately 9,300 active payloads) [1] orbiting Earth
in 2025. Most of the debris is in low Earth orbit (LEO).
Consequently, tracking of these objects is critical for space
situational awareness, orbit refinement, and post-event
debris characterization. Optical telescopes complement radar
systems by enabling the detection and tracking of small
or faint objects, particularly during twilight conditions,
when targets remain sunlit against a dark sky. They are
especially valuable in low Earth orbit, where radar coverage
is constrained by line-of-sight geometry and sparse ground
station distribution. Note: In this report and in the related
Python script, the term “satellite” refers to any object orbiting
Earth, including both active spacecraft and passive space
debris.

The Telesto telescope at the Geneva Observatory in Versoix,
Switzerland, is a 60 cm Ritchey—Chrétien instrument mounted
on a German equatorial head. Its characteristics can be found
at this link: Telesto characteristics. The telescope is primarily
operated in sidereal tracking mode for long-exposure imaging
of stable celestial targets, including exoplanet host stars and
extragalactic sources. However, Telesto lacks native support
for tracking fast-moving LEO targets whose apparent angu-
lar velocities change significantly over time. Unlike stars,
which follow predictable and uniform sidereal motion, debris
fragments in low-Earth orbit may traverse several degrees
per second near perigee. Their trajectories exhibit non-linear
apparent motion that cannot be followed by issuing a single
fixed tracking rate.

The absence of dynamic tracking support in Telesto’s
control software presents a limitation for optical debris
monitoring. Yet, the mount hardware itself is capable of
receiving angular velocity commands in right ascension and
declination via the ASCOM Alpaca interface. The rates are
then considered as offsets with respect to sidereal tracking
rates. As Telesto is an equatorial mount, the right ascension

(RA) and declination (Dec) sidereal rates are therefore 15 ° /h,
and 0°/h, as the mount’s polar axis is aligned with Earth’s
rotation. These ASCOM capabilities open the possibility of
adding non-sidereal tracking support through a software-only
solution that does not require any changes to the telescope
firmware or electronics. Note: In the current set up, the dome
is automatically following the telescope while it is moving.

The objective of this project is to implement and validate an
open-loop control pipeline that enables Telesto to follow fast-
moving LEO objects by continuously updating the mount’s
tracking rates. The approach relies on propagating public
orbital elements using a precise numerical integrator, through
a Python library, and converting the resulting time-dependent
positions into real-time tracking commands. The system is
designed to:

1) Interpret Two-Line Element (TLE) or Orbit Mean-
Elements Message (OMM) data for any satellite in the
catalog of NORAD IDs.

2) Compute the apparent right ascension and declination as
seen from the Geneva Observatory site.

3) Extract the time derivatives of these angular coordinates
and transmit them as rate commands via ASCOM Al-
paca.

4) Operate without any visual feedback loop or guide
camera correction (open-loop).

5) Be fully testable using the ASCOM Omni-Simulators
prior to actual observations with the telescope.

The broader goal is to develop the Python script so that it
can be easily adapted and tuned for use with other ASCOM-
compatible mounts. The system is modular, requires no com-
mercial software licenses, as libraries and standards used are
open source.

II. SYSTEM FOUNDATIONS

A. Coordinate Systems and Mount Geometry
Tracking a satellite from Earth requires precise transformation
between coordinate systems. Two reference frames are used:

o Horizontal frame (Alt-Az): The observer-centered system
defined by azimuth (angle from north, 0° - 360°) and
altitude (angle above horizon, 0° - 90°).


https://plone.unige.ch/astrodome/characteristics-of-telesto

o Equatorial frame (RA-Dec): The celestial coordinate sys-
tem aligned with Earth’s axis, defined by right ascension
(RA, from Oh to 24 h) and declination (Dec, from 90°
to +90°).

As mentioned in the introduction, Telesto is an equatorial
mount and is physically aligned with Earth’s axis. Controlling
the telescope rates using the equatorial reference frame is more
straightforward. Moreover, the Alpyca Python library used has
properties that allow RA and Dec rates to be set directly on
the mount. On the contrary, some Alpyca functions require the
use of Alt/Az frame, e.g., for slewing the telescope to a given
position defined by its azimuth and its altitude. Checking the
satellite observability is also more natural using altitude. For
Telesto, the objects’ observation window is typically between
30° - 90°. Below about 30°, the forest around the observatory
enters the telescope’s field of view. Figures 1a and 1b depict
the coordinate systems.
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Fig. 1: Comparison of horizontal (Alt-Az) [2] and equatorial
(RA-Dec) [3] coordinate systems.

It is therefore necessary to alternate between these two
reference frames as appropriate.

B. Orbital Element Formats: TLE and OMM

Common ephemerides used in orbital mechanics include the
following two formats:

e TLE [4]: A legacy format that encodes mean Keplerian
orbital elements in a compact, fixed-width two-line text
structure. It is used with the Simplified General Pertur-
bations model 4 (SGP4) propagation model and remains
the standard in NORAD and publicly distributed satellite
catalogs.

e OMM [5]: A modern format defined by the Consultative
Committee for Space Data Systems (CCSDS) standard
that extends the TLE by including additional metadata
such as satellite name, NORAD ID, object type, drag
coefficient reference frame, ephemeris type, element set
quality, and optionally covariance matrices and uncer-
tainty indicators. It is compatible with SGP4 propagation.

OMM was preferred over TLE for this project as it sup-
ports richer metadata and is better suited to scaling with the
increasing number of tracked objects.

The CelesTrak website is used to obtain orbital data. Each
orbital datum is associated with a reference epoch. For ac-
curate prediction, the Skyfield library propagator must use
the most recent available data. Therefore, the tracking script
automatically fetches the latest OMM from CelesTrak.

Note: In the script, replacing FORMAT=JSON with
FORMAT=TLE in the line https://celestrak.org/NORAD/
elements/gp.php?CATNR={norad_id}&FORMAT=JSON
allows fetching TLEs instead of OMMs if needed.

C. Orbit Propagation with Skyfield

The Skyfield Python library performs precise orbit propagation
from these elements using the SGP4 model. It internally uses:

o load.timescale() - creates a timescale object used
throughout the script.

« EarthSatellite._from_omm() - builds the orbit
from the OMM data (equivalent function for TLEs also
available).

o satellite.find_events(observer, tO,
t1) - predicts the next rise/culmination/set times.

o (earth + observer).at(t).observe(sate-
Ilite + earth)._apparent() - returns the
apparent position vector of the satellite as seen from
the observing site at time t, expressed in the Geocentric
Celestial Reference System (GCRS).

o -frame_latlon_and_rates() - extracts the in-
stantaneous coordinates and their time derivatives (an-
gular rates) from the apparent position object. Specify-
ing a GeographicPosition object (observer) yields
Alt/Az coordinates, while specifying the International
Celestial Reference System (ICRS) will return RA/Dec.
Properties like -.degrees or .per_second allow ac-
cessing basic units conveniently.

o .separation_from() - computes the angular sepa-
ration between the pointing vector and the target vector.

This pipeline produces both position and velocity needed to
maintain the target within Telesto’s field. Documentation can
be found on the Skyfield website.

D. Coordinate and Unit Conversions

The Alpyca Python library, based on the ASCOM Alpaca
standard, enables telescope control. The Alpyca Telescope
object has properties that allow setting the rates. Care must be
taken with the units specified by the standard. For historical
reasons, it accepts tracking rates in two mount-specific units:

« .RightAscensionRate - RA-seconds per second.
Conversion from degrees per second requires:

ORA-sec/s = Odegrs 240 0.9972695677

An additional factor of about 0.99727 is applied to
the right ascension rate to account for the difference
between the sidereal and solar day. This ensures that the
rate command aligns with the mount’s internal sidereal


https://celestrak.org/
https://rhodesmill.org/skyfield/

time scale and produces consistent tracking behavior 18t Alpaca HTTP API
apparent sky motion. The 240 factor simply comes fro
the conversion term 3600s=15

.DeclinationRate - arcseconds per second. Con-
verted simply via:

The Alpaca protocol standardizes access to astronomical hard-
ware using network-based HTTP endpoints. Each Alpaca-
compatible device (e.g., telescope, dome, camera) is exposed
as a numbered instance under a given IP address and port. The
-arcsec/s— -degls 3600 Telesto tracking script uses device index 0 at IP 127.0.0.1

These conversions are implemented explicitly in th%nOI port 11111 for live sessions.

script when setting the computed initial and updated ratesThe ASCOM Remote Server is the of cial implementation

with the properties telescope.[Coordinate]Rate = that enables Alpaca-compatible devices to be accessed over a

[NewRate]. network. It acts as a middleware layer between legacy Win-
dows ASCOM drivers and the modern Alpaca HTTP/JSON

E. Tracking Constraints and Latency Compensation interface. Devices are presented as RESTful resources, and

Tracking is subjected to some of the following constraints: the server listens on con gurable ports (typically 11111 for
Observation is only possible above a minimum altitudgardware’ or 32323 for Omni-Simulators). The server must be

(e.g., 30) to avoid Field of View (FoV) obstruction running in the background during any interaction with Alpaca
The script must abort tracking if pointing drifts outsidede‘”ces' Figures 2a and 2b show some ASCOM Remote Server

the eld of view (for Telesto: 0:9 0:6 [6]). This is application interfaces.
checked using angular separation.

If for some reason the telescope is pointing toward a
low altitude (e.g. 20), abort tracking to avoid hardware
damage. This measure is redundant because there are
already an angular separation check and hardware-level
safety limits.

Account for the latency between issuing a rate and the
mount applying it. This latency is measured per command
and tracked using a simple moving average of recent
durations. It is then used to compute satellite rates with
Sky eld at a slightly future timestamp, ensuring that rate
commands correspond to when they actually take effect
on the mount.

F. ASCOM Alpaca and Alpyca

ASCOM, Astronomy Common Object Model, is a long-
standing standard for controlling astronomical devices. Alpaca
is its HTTP/JSON network-based extension, allowing cross-
platform communication with devices over local or remote
networks. To get access to the full documentation, and to
install all the ASCOM platform and softwares, one may access
the ASCOM Standards website.

To communicate with devices, the standard uses GET and
PUT requests to read and write properties.

The Alpyca Python wrapper (used in the script) abstracts
these calls into Python classes. For instance, the telescope is
instantiated as:

telescope = Telescope("127.0.0.1:11111", 0)
telescope.RightAscensionRate = [NewRate]
telescope.Tracking = True The ASCOM Remote Server interface enables the con-
. S . guration of device discovery, port assignments, simulator

The full script carefully initializes the Alpaca Connecuon%ilctivation, and network exposure of local ASCOM-compatible
applies asynchronous slews, resets or updates tracking rates . . ;

' . aHdware via Alpaca endpoints. Documentation can be found
logs latency per command, enables or disables tracking, an
. . n the ASCOM Remote Server webpage.

cleanly handles disconnects or errors. The entire documenta-
tion for the Alpyca library (device classes, properties, excep-Internally, each device has de ned endpoints. For instance,

tion classes, etc.) can be found on the Alpyca webpage. the telescope mount exposes the following:

(@) ASCOM Remote Server Main Page

(b) ASCOM Remote Server Device Con guration Interface

Fig. 2: Alpaca Remote Server interface instances [7] [8].


https://ascom-standards.org/
https://ascom-standards.org/alpyca/
https://ascom-standards.org/help/developer/html/0254d2da-144b-49dd-8172-b03cd8048bec.htm

GET /telescope/O/declination : returns cur- different menus interfaces. Figure 3b depicts the telescope one.

rent declination in degrees. Figures 4a and 4b show the telescope and dome panels on
GET /telescope/O/rightascension : returns which virtual device data are displayed live, while the Python
the current right ascension in hours. script is running or while the user is interacting with panel
PUT /telescope/O/rightascensionrate : ac- buttons - for the dome only.

cepts a oat in RA-seconds per second.

PUT /telescope/O/declinationrate : accepts

a oat in arcseconds per second.

PUT /telescope/O/slewtoaltazasync : slews
mount to azimuth and altitude asynchronously.
GET /telescope/O/slewing : indicates whether
slewing is active.

PUT /telescope/O/tracking : enables or dis-
ables tracking mode.

Each Alpaca endpoint accepts or returns a JSON
object with the elds CIientTransactionID, (a) Omni-simulators - Terminal view
ServerTransactionID, Value, and optional
ErrorMessage. Example request:

PUT /telescope/O/rightascensionrate
HTTP/1.1 Content-Type: application/json
{"ClientTransactionID":11,
"RightAscensionRate": 9.87}

Together, Alpaca's stateless HTTP interface and the Alpyca
Python wrapper provide a reliable and platform-independent
foundation for dynamic telescope control via simple scriptable
commands.

H. Simulated Environment through ASCOM Omni-Simulators

For safety and reproducibility, the full tracking system can be
tested without telescope hardware by enabling the simulator. o ) ] ]
To do so, the script connects to the ASCOM Remote ServElg- 3: Omni-Simulators terminal and device setup interface.
hosting the Alpaca Omni-Simulators on port 32323, instead of
the default hardware port 11111 (for Telesto). This ensures that
all rate-command logic developed in software will translate
directly to the real hardware with no refactoring.

Many devices can be simulated with the Omni-Simulators,
such as telescopes, domes, cameras, and cover calibrators.

The simulator accepts all standard Alpaca commands, in-
cluding asynchronous slews, angular velocities updates, and
status polling. It mimics the responses of a real mount.
The user can set up virtual mount characteristics, such &@) Virtual telescope interface  (b) Virtual dome interface
the slew rate or the telescope geogra_phipal coordina_tes, and Fig. 4: Omni-simulators control panels instances.
dozens of other parameters. The script implementation and
expected behavior are identical to physical runs. The simulator
allows for end-to-end software testing and debugging withoutAll technical documentation is available on the ASCOM
physical hardware. Omni-Simulators webpage. This resource describes the API,

The following gures illustrate the simulator interfaces.d(afaUIt port con guration, supported device classes and their

Figure 3a shows the only required program, the Ascoﬁparacterlstlcs, used by the simulator for of ine development.

Omni-Simulators application, which must be started with the To provide a clear overview of the system architecture,
Python script to simulate the environment. It opens a termirf@iigure 5 illustrates the Alpaca-based control stack used in
window. It is optionally accompanied by an online interfacéhe tracking pipeline, from ephemeris computation and rate
accessible here: http://localhost:32323/. All server settings andnversion to HTTP command dispatch and device-level exe-
device characteristics can be conveniently set through tbetion.

(b) Virtual telescope setting page



B. Ephemeris Handling and Pass Prediction

For the sake of brevity, the Sky eld functions used to achieve
what is described in this section are not repeated. Please refer
to subsection II-C.
The Telesto site coordinates are stored in the script
(WGS84: 46:3092N, 6:1350E, 459 m).
After the user enters a NORAD ID and the correspond-
ing OMM record is fetched from CelesTrak, the data is
Fig. 5: Alpaca-based control stack. Script issues HTTP comparsed to create a skyfield.EarthSatellite object
mands to simulator or telescope. that represents the orbit. To determine observability, the script
predicts the satellite's apparent altitude and azimuth at a
short future timestamp (offset by DELTA_TIME_OBS_CHECK,
[1l. PYTHON SCRIPT METHODOLOGY default 60 s). If the delayed altitude exceeds a user-de ned
A. Overview of the Control Pipeline threshold (MIN_ALTITUDE_OBS, default 3Q) the satellite is
considered immediately, or within the delta time, observable. If

The tracking software consists of a single asynchronog% this procedure anticipates system latency when initializing

Python script that takes a NORAD catalog humber as input a : .
. . e tracking rates and allows the mount to pre-orient towards
schedules an upcoming satellite pass. The program fetches up- : . . .
se apparent coordinates before tracking begins. Otherwise,

e il semen o sl wopees e oy s o s o
g oKy €1d, comp pp U ned by IS_OBSERVABLE_HOURS (default: 2 hours). The

rates, and continuously updates the telescope's right ascenssggrch returns the next pass where the satellite culminates

and decllnatl_on rate settings through ASCOM Alpaca. F|gurea ove the minimum altitude. If no valid pass is found, the
illustrates this process. S
script is aborted.

The rate initialization and telescope slewing that occur
before the rise time allow tracking to begin precisely as the
satellite reaches its position at the acquisition time. Note that
the rate command is time-consuming on Telesto.

C. Mount Slew and Acquisition Phase

During pre-orientation, the mount slews asynchronously to the
rise-time acquisition point using the Alpyca library:

telescope.SlewToAltAzAsync(az, alt)

Tracking is disabled before slewing, as this is an Alpyca
requirement. The program polls the Slewing property every
second until the mount reports that it has arrived at the target
coordinates.

After this, the script enters a while loop, waiting until
the rise time is reached. Then, the acquisition phase starts
and tracking is enabled. Note that the waiting loop actually
ends slightly before the theoretical rise time. This small
offset must be tuned on the physical mount through the
TIME_DELAY_TRACKING_START constant (tuned value is
0.3 s on Telesto). This accounts for latency while starting the
tracking loop.

D. Tracking Loop and Latency Compensation

Entering the loop, the script continuously computes the re-
Fig. 6: Simpli ed control ow of the Python tracking script. quired angular rates in RA and Dec. The core update loop
runs theoretically at 10 Hz and issues two PUT requests to
The program contains a single entry point, main(), which Alpaca per cycle. However, these requests take a consider-
orchestrates device initialization, ephemeris retrieval, obseable amount of time to take effect on Telesto (about 4.2 s
ability checks, rate computation, rate transmission, and ogach). The same issue exists for telescope.Tracking
tional plotting. = False. In contrast, note that the HTTP GET method



and telescope.Tracking = True take effect in a very --show-plots / --no-show-plots

short time. Enables or disables matplotlib gure generation at the end
The script measures the latencies for each HTTP request to of tracking. These plots display positions, rates, pointing
Alpaca endpoints using Python's time.perf_counter(). errors, and angular separation over time.

To compensate for this delay and maintain precise angularfo present a concise summary, the owchart in Figure 7

velocities, the position is propagated to t + t, where t focuses on command-line arguments effect and timing.
is updated in real time as the mean duration of recent PUT

request responses for RA and Dec rates.

Also, at each loop iteration, the satellite theoretical Alt, Az,
RA, Dec, and the telescope actual Alt, Az, RA, Dec, and the
updated rates are logged and stored with timestamps for post-
analysis and graph generation.

E. Field of View Monitoring and Tracking Abort

During each loop iteration, the program checks three points:
The target altitude does not fall below the observability
limit.

The angular separation does not exceed half of the

telescope's eld of view width (0:45 for Telesto - half

the wider side), a counter is incremented. The condition

is considered violated if the satellite remains outside the

eld of view for multiple consecutive iterations (default

is 1 iteration).

The telescope is above the hard oor on mount altitude.

When one of those three conditions is not satis ed anymore,

tracking is aborted and, if plotting is enabled, data plots are
generated and displayed. Else, the script asks the user if they
want to track another satellite pass.

F. User Interaction and Command-Line Interface

The script exposes parameters via command-line ags. De-
faults include:

--min-altitude-obs

Minimum altitude (in degrees) the satellite must reach

to be considered observable. Default: 3This threshold

applies to future passes predicted via find_events()

and to real-time Itering in the tracking loop.

--delta-time-obs-check

Delay in seconds used to project the satellite's position

shortly in the future. Default: 60 s. If the satellite is not

above --min-altitude-obs at t+ t, a longer-range

pass is predicted. Fig. 7: Effect of Command-Line Arguments on Satellite Track-
--is-observable-hours ing Logic and Timing

Length of the forward search window (in hours) for

passes. Default: 2 hours. Controls how far ahead the scriptThe user retains full control over the tracking session via a
looks for observable events. set of dedicated hotkeys, enabling real-time intervention and
--min-altitude-telescope oversight:

Safety oor in degrees for telescope altitude. If the Ctrl+D: Stop tracking, generate and display plots.
telescope drops below this threshold during tracking, the Ctrl+O: Stop tracking, return to NORAD prompt.

script aborts. Default: 20(arbitrarily set). Ctrl+T: Stop tracking, disconnect the telescope, and ter-
--omnisim / --no-omnisim minate.

Enables or disables simulator mode. If --omnisim is  For a comprehensive depiction of the script's internal logic,
active, the script connects to Alpaca port 32323 (Omnihe complete owchart is provided in Figure 16 (Appendix).
Simulators), otherwise it uses port 11111 (live hardwareyhis diagram outlines the sequence of operations in detail.



Note that some details are omitted for readability. ReadersFor the rst simulation, in Figure 8, the tracking remained
are encouraged to consult the appendix to examine specstable throughout the run and the angular separation remained
components more clearly. below 0:5 until the end (altitude below 30.
For the second simulation, in Figure 9, a potential bug that
might occur with the simulator is revealed. At some point, the
RA returned by the mount becomes mostly constant. Thus, the
IV. SIMULATOR-BASED TESTS angular separation explodes and the tracking stops.
A. Objective and Setup

Before attempting on-sky deployment, the complete trackirfg Limitations of the Simulator

pipeline was validated using ASCOM Omni-Simulators.  Although the ASCOM Omni-Simulators emulates Alpaca tele-
The script was run in --omnisim mode. For each test, a scope responses, it exhibits several limitations:

real NORAD object was chosen. The simulator then emulated |t 5ssumes ideal behavior: e.d., no mechanical lag, vibra-

mount behavior in response to the calculated tracking rates.  on packlash, encoder noise, image drift due to physical

effects, or dynamic mount response and latency. Note:

B. Simulator Test Runs HTTP requests on the simulator usually take about 0.1
sec only.

A frequent bug sometimes causes right ascension to

' freeze or become constant after a few minutes of tracking

time, even when rate commands continue to be sent cor-

rectly. This issue has been observed in multiple satellite

During script development, dozens of actual satellite passes
were simulated to understand each component of the system
to implement, debug, and adjust the code.

Satellites above Geneva were mostly randomly selected.
They varied in orbital inclination, altitude, and angular ve-

. . tracking simulations with no clear cause.
locity. All data was logged live, and then plotted after each Despite th . he simul id liabl
tracking simulation. The result is a fully functional code, espite these constraints, the simulator provides reliable

adapted to most satellite passes, with user-de ned settingsyerl cation for: _ _ _
Correctness of rate computation [9], unit conversions, and

latency adjustments

Proper sequencing of Alpaca commands

Field-of-view safety triggers and automated aborts

End-to-end logging and plot generation
These results con rm that the software is operational and
well-structured ahead of physical deployment on the Telesto
mount.

Figures 8 and 9 show two tracking simulations of actual
satellites above Geneva in real time (NORAD IDs were not
recorded).

V. ACTUAL OBSERVATION ON TELESTO AND DISCUSSIONS
A. Discussions

The tracking script was successfully deployed and tested on
the physical Telesto telescope at the Geneva Observatory.
All user-de ned parameters were tuned according to Telesto's
operational constraints.

As expected during initial integration, several bugs and
con guration issues had to be resolved, but the tele-
scope was ultimately able to track arti cial satellites with
promising stability. Multiple code con gurations were eval-
uated, including pre-orienting the telescope to the acquisi-
tion point, enabling sidereal tracking during the wait be-
fore rise time to minimize drift, and applying the initial
tracking rates shortly before the satellite pass began. How-
ever, practical limitations emerged. It was observed that the
Alpyca properties telescope.RightAscensionRate and
telescope.DeclinationRate could not be set concur-
rently, neither through asynchronous Python routines nor via
ASCOM Remote Server con guration. This limitation appears
) . . . to be imposed by Telesto's telescope driver, which may require
Fig. 9: Successful tracking ending with constant RA bug. 5, ypdate to support concurrent rate setting. Additionally,

Fig. 8: Example of a successful simulation run



setting one rate inadvertently triggered the telescope's interméth UTC time when planning observations from the Geneva
logic to enable tracking immediately, resulting in prematurgite. Note that some NORAD IDs correspond to restricted or
activation of satellite tracking, with shifted tracking rates;lassi ed objects; for these, OMM data may not be publicly
rendering this approach unusable. Consequently, a compronasailable, and the script will fail to fetch their orbital elements
was adopted: upon identifying an observable pass, the inittedm CelesTrak.

RA/Dec rates are computed and set rst, which automatically

enables tracking. Tracking is then explicitly disabled, the tele-

scope is slewed asynchronously to the acquisition point, and

the system waits for the predicted rise time. Sidereal tracking

cannot be used during this interval, as setting it would requife Observations

resetting both tracking rates to zero, introducing the issuﬁe following gures are photographs and data obtained

exposed a}bovg. As a.r.esult, the teIeS(':ope. d.“fts slquly aloagring successful satellite observations with Telesto. Different
the RA axis while awaiting the pass; this drift is negligible for ebris were tracked

imminent satellite appearances. To optimize acquisition, the

tracking is enabled precisely 0.3 seconds before the theoreticaFig 10 was made during a pristine night sky. Figs. 11-15

rise time, an empirically tuned parameter. were acquired during a slightly overcast night, and stars do not
always appear on the acquisitions. Note: Fig. 11 illustrates the

Another critical limitation identi ed is the substantial la-motion through 140 time-lapse images.

tency involved in applying rate commands: approximately

4.2 seconds per axis, or 8.4 seconds per full update cycle.

This delay is likely also attributable to the telescope driver.

Fortunately, even for fast-moving LEO objects, this update

interval was suf cient to maintain accurate tracking for several

tens of seconds before accumulated pointing error (partially

due to infrequent rate updates) exceeded the eld-of-view

tolerance. Consequently, position and rate telemetry, recorded

at this frequency, are less temporally resolved than in the

simulator.

Additionally, it was noted that while the dome is expected
to follow the telescope during slews, a surprising behavior
occurred: the dome only began to reorient after the mount
had completed its pre-orientation. Although Alpyca's slewing
method is asynchronous, it is likely that the custom while
loop implemented to poll the slewing status was inadvertently
blocking, thereby delaying dome synchronization. This issue is
non-critical as time allocated for setting the rates and slewi@gg_ 10: NORAD not recorded, testing session, clear night sky.
is user-de ned, and the issue can be resolved by adjusting the
polling logic. Note that the tracking phase itself is unaffected,
as it uses different mount commands.

Concerning image acquisitions, it was decided not to im-
plement the SharpCap API within the Python tracking script
during this semester. Instead, image acquisition is manually
initiated by the user directly from the SharpCap applica-
tion during satellite tracking. SharpCap offers higher image
acquisition frequency. This represents an improvement, as
previously used NINA software, was limited to 1 frame per
second. With SharpCap, the frame rate can be increased to
up to 4 frames per second. This enhancement is particularly
valuable for the optical observation of space debris, as it results
in a greater number of frames available for post-processing and
analysis.

Finally, users wishing to identify appropriate NORAD IDs

for upcoming satellite passes can consult online resources such ‘ .
as Heavens Above and In-the-Sky.org, ensuring consistentif- 11: NORAD 7210 - Rocket body - Altitude 890 km
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