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ABSTRACT

With space activities rapidly growing, cataloguing
undetected debris<10 cm s critical for mission safety.
This study uses ESA's GODOT software to simulate a
small star tracker in orbit, detecting debris <10 cm and
determining their initial orbits. The star tracker was
simulated using GODOT's Python packages to observe
debris over one day, considering sensor limitations like
brightness and range distance. Results demonstrated that
the star tracker can detect debris <10 cm during specific
intervals. These detections were converted into angular
measurements for input into angles-only initial orbit
determination (I0D) methods, like Gauss and Gooding.
Comparisons with simulation data show that 10D
methods provided satisfactory results for the semimajor
axis, position and velocity. Also, the inclination is
estimated with reasonable accuracy for high-inclination
orbits. This work highlights GODOT's versatility and
demonstrates that a small star tracker can detect debris
and provideinitial orbit information on objects <10 cm.

1 INTRODUCTION

The Space Surveillance Network (SSN), a set of optical
and radar telescopes, observes and maintains a
catalogue of space objects in Earth's orbit larger than 10
cm. This catalogue is vital for space missions since it is
used to perform avoidance manoeuvres. However,
objects of this size represent only a tiny amount of the
total, and the problem is even greater, whereas a
collision with space debris ranging from 1 cm to 10 cm
can be a catastrophic event [1-4]. In this context,
alternative solutions to detect uncatalogued debris play a
vital role in the future of space missions.

In this context, this work proposes using a small
commercial star tracker that will soon fly to detect
uncatalogued debris. Applying small space cameras like
star trackers to observe space objects is not a new topic
in literature. The studies of [5, 6] propose a similar
approach to this paper. Both works developed an

analysis of using a star tracker to detect space debris,
starting from the definition of the target orbit, then the
computation of the sensor sensitivity, and finishing with
detection simulations. However, the scope of these
references is distinct from this paper since the first work
concentrates on studying the most promising orbit
position for a space-based mission to detect space
debris, and the second focuses on the detection
algorithm used.

Other studies can also be highlighted by their
contributions to studying the sensitivity and
performance of a sensor detecting space debris and
simulating the detection in orbit [7—14]. Despite some
works already published on this topic, this proposed
paper contributes to demonstrating the entire mission
analysis of using a commercial star tracker for detecting
uncatalogued debris. This analysis starts by selecting the
most likely orbit to detect space objects of the
population of interest, considering the sensor limitations
and space-based optical observation constraints.
Another contribution is applying GODOT for the
detection simulation and 10D, showing how powerful
and versatile this ESA software is. 10D consists of the
determination of the orbit of an object without previous
information. The orbit computed by IOD methods
usually has low accuracy, but it can provide some
parameters, like the semimajor axis and inclination, with
a high level of fidelity [15-17].

Several 10D methods exist depending on the type of
data. As this work focuses on optical observations, only
the classical angles-only 10D techniques will be
considered, such as the Gauss and Gooding methods
[18,19].

2 POPULATION OF INTEREST

The commercial star tracker considered in this study is
being developed by Synopsis Planet, which will fly
onboard the New Space Portuguese Constellation. As
this constellation will be placed in a Sun Synchronous
orbit (SSO) of 550 km altitude, only uncatalogued
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objectsin the Low Earth Orbit (LEO) will be considered
in the study. To evaluate the most probable region to
find debris ranging from 1 cm to 10 cm, the ESA
MASTER (Meteoroid and Space Debris Terrestrial
Environment Reference) model was used. MASTER is a
tool that provides the flux and spatial density of Earth’s
orbital environment.

Therefore, the spatial distribution of space debris
rangingfrom 1 cmto 10 cm in LEO is shown in Fig. 1.
The highest concentration of objects starts to increase
around 600 km and reaches its maximum of around 800
km altitude. There is alsoa smaller concentration peak,
around 1500 km. Since the target objects are tiny debris,
the chances of the star tracker detecting them will be
larger if they are close to the constellation. In other
words, the ideal region is around the first concentration
peak, at altitudes from 630 km to 880 km.
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Figure 1. Space debris ranging from 1 cm to 10 cm
spatial distribution in LEO [20].

MASTER also providesthe orbits of these objects. So,
the debrisin the higher spatial density concentrates in
approximately circular orbits with a semimajor axis
ranging from 6550 km to 8950 km, inclinations from
40° to 120° and right ascension of ascending node
(RAAN) ranging in the entire interval, from -180° to
180°.

3 OPTICALDETECTION PERFORMANCE

The detection performance of an optical sensor can be
evaluated using the signal-to-noise ratio (SNR). In other
words, if the signal emitted by the space debris is above
the minimum threshold signal that the sensor can detect.
This performance will be analysed by calculating the
ratio of object signal per noise. This computation was
done following PROOF (Program for Radar and Optical
Observation Forecasting), an ESA software used to
assess the performance of optical sensors in detecting
space objects [21].

3.1 Signal-to-noise ratio analyses

The SNR refers to a ratio between the object signal and
all the possible noise sources, such as the sensor's
intrinsic noise and background noise. The signal of a
space debris indicateshow much light is reflected by the
object[22] and it can be calculated by determining its
irradiance [23]:
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In Eqg. 1, H represents the irradiance of a spherical
object, which is a reasonable approximation for space
debris. Moreover, A, p and R are the object cross-
sectionarea, albedo and distance observer-object, also
known as the range, respectively. Eq. 1 also accounts
for the irradiance of the Sun and the solar phase angle
¢. With the irradiance, one can compute the signal of
the debris for a space-based scenario as:
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The signal is a sum over the desired wavelength A
interval of the irradiance and quantum efficiency g
divided by the photon energy (hc/A), with h being the
Planck constant and c being the light speed. Eq. 2 also
considers the aperture of the optical system D and the
integration time t.

Besides that, the debris is a moving object, meaning its
signal will spread over multiple pixels. Therefore, the
signal of a movingobject has to take into account also
the number of pixels filled during an integration time,
which is calculated by:
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The number of pixels of a moving source depends on
the minimal number of pixels (sensor Point Spread
Function) a point-like source occupies in the sensor
(npixo), the object’s relative angular velocity (v,.q), the
sensor’s pixel scale (PS) and the integration time.

n

Until now, only the signal part of the SNR was
considered. Moving to the noise computation, there are
several types of noise, but only the continuous sources
of background noise and the sensor noise were
evaluated. The continuous source of background noise
is related to the signal emitted by the galaxies and the
Zodiacal light. This can be calculated using Eq. 2,
considering the irradiance of these sources.

For the galaxies, the signal was computed using the
zero-magnitude star spectral distributions for different
wavelengths, presented in Tab. 1, assuming it has a
uniform distribution in space. For Zodiacal light, the
signal slightly varies for different wavelengths. So, the
maximum value of 10* e~ /pixel /s was considered as
the emitted signal [21].



Table 1. Spectral distribution over different wavelengths
for zero-magnitude stars. Table extracted from PROOF

Wavelength [um] | Spectrum quantities
[l
0.0 0.0
0.1 0.25e-12
0.2 8.0e-12
0.3 9.5e-12
0.4 7.0e-12
0.5 4.75e-12
0.6 3.0e-12
0.7 2.0e-12
0.8 1.5e-12
0.9 1.0e-12
1.0 0.75e-12

After calculating the galaxies' signal using Eq. 2 and
Tab. 1, the determined value is added to the Zodiacal
light signal to find the background noise. Finally, with
all the variables considered, the SNR can be computed
as:

Sdebris

v/ X noise ()

SNR =

being,

z noise = npixsr + Sdebris + npix(SB + Sdt)
+  Npix Vre1Srt ®)
+  Mpix Vrert(Sp + Sgt)

where S, is the readout noise, S,; is the dak noise and Sg
is the background noise.

3.2 Star tracker properties

Synopsis Planet’s star tracker is a dual-purpose device:
a star tracker and a space debris detection camera. This
equipmentwas developed in the New Space framework
using Commercial Off-The-Shelf (COTS) components
and designed for CubeSats and small satellites. A 3D
model of the star tracker is shown in Fig. 2, and its
properties are presented in Tab. 2.

Figure 2. Synopsis Planet's star tracker 3D model.

The star tracker'simage sensor is the commercial sensor
AR0134 from Onsemi, and its datasheet provides the
sensor's quantum efficiency, whichis required in Eq. 2.

Table 2. Star tracker properties

Parameter Typical Value
Active Pixels 1280 x 960 px CMOS
Pixel size 3.75 um
Dynamic Range 64 dB
Readout noise 1196 e~

Dark noise 0.12 e~ /pixel /s
Aperture 9.5 mm

Focal length 16 mm
f-number 1.68

Full field of view (FOV) 21° (diagonal)

Dimensions (W x L x H) 47.1 X 42.1 X 28.5 mm

without baffle

Mass (no baffle) 97.7¢
Point Spread Function (PSF) 9 pixels
Exposure time 02s

3.3 Results

Considering Egs. 1-5 and the parameters from Tab. 1
and Tab. 2, the performance of the star tracker in
detecting space debris can be computed and analysed.
To do so, five different sizes of objects varying from 1
cmto 10 cmwere considered, and SNR was calculated

by increasing the range of each object.

Since the phase angle and albedo are challenging to
estimate, the analyses focused on these two parameters.
First, the SNR was computed for different values of
phase angles, fixing the albedo. Then, the calculation
was performed by varying the albedo for a fixed phase
angle.




Therefore, considering the average space debris albedo
0f0.175, Fig. 3 shows the star tracker performance for
three different values of phase angle. The dashed line
represents the camera’'s minimal SNR or the camera's
limit for seeing something.

Fig. 3 demonstrates the influence of the phase angle on
the results. At a lower value, the star tracker can detect 3
cm objects up to 60 km and 10 cm debris up to a
maximum range of 180 km. The performance decreases
by increasing the phase angle. For an angle of 100°, for
example, the camera can only detect objects larger than
6 cm for smaller ranges. The last scenario, an angle of
130¢°, represents the maximum possible value to detect
an uncatalogued object by the proposed star tracker.
However, the scenarios of lower phase angles will be
more realistic since the camera is being developed to
work with a large Sun exclusion angle.
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Figure 3. SNRover distance for five distinct object sizes
in three scenarios of phase angle.

Moving to the albedo analyses. This property is
material-dependent, i.e. different materials have distinct
albedos. In addition, itisn't easy to find albedo estimates
in the literature. So, the analysis was done by using the
proposed estimates in PROOF in which fragments are
considered to have an albedo of 0.2, Multi-Layer
Insulation (MLI) materials of 0.56, and Sodium-
potassium alloy (NaK) droplets of 0.85 for a fixed phase
angle of 40°. Fig. 4 shows the performance of the star
tracker for these three values.
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Figure 4. SNR over distance for five distinct object sizes
with different materials.

Fig. 4 shows the impact of the material properties on the



performance of the star tracker. The higher the albedo,
the farther an object can be detected. So, depending on
the material, the camera will be able to detect
uncatalogued debris for a maximum distance ranging
from 200 km to 400 km.

4 SIMULATIONS

The simulations consist of simulating the star tracker in
a specific orbit, considering the sensor limitations, and
trying to detect uncatalogued debris from the most
common region to find these objects. Furthermore, a
space-based detector simulation hasto take into account
the following conditions [23]:

e  The object must be outside the Earth’s shadow
to be illuminated by the Sun. In other words,
the angular distance debris-shadow () has to
be > 0°.

e The phase angle ¢ ranges from zero degrees to
a maximum value depending on the camera
constraints.

e To guarantee that the Earth is outside the
camera’s FOV, the angular distance camera-
Earth y has to respect Eq. 6, in which the
parameter € indicates a safety margin (a 5°
distance is sufficient):

. _1(R
y>simt(Crer, e ©
e Theobject range must be inside the maximum
distance the camera can detect.

e Theobjecthasto be inside the camera’s FOV.
Fig. 5 shows the visualisation of the conditions.
Moreover, using trigonometry, the required angular

distances ¢, ¢ and y can be calculated as [23]:

¢ = cos™! ((xdebris — Xops) " (Xgepris — xsun)>
|xdebris — Xobs | |xdebris - xSunl (7)
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{ =m — cos

|xSun||xdebris|
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y = cos™! <xobs' (Xops — xdebris)> 9)
Ixobs”xobs - xdebrisl

(8)

Using Egs. 7-9, the angular distances can be easily
computed if the positions of the observer, debris and
Sun relative to the Earth’s centre are known.

Sun

Figure 5. Space-based illustrated conditions. Image
adapted from [17].

4.1 Simulator

The simulator was constructed using the ESA standard
software for flight dynamics analysis, GODOT [24].
This software was developed at ESA/ESOC (European
Space Operations Centre) to estimate, optimise and
analyse space missions.

Using the GODOT environment, one can define the
physics in orbit, create objects to be propagated and
performthe desired analyses. In this sense, the simulator
was developed based on the physics for Earth-orbiting
objects, with the Earth’s centre as a frame system and
considering the dynamics and perturbations of LEO.
Then, the space-based was defined in the SSO of 550
km. Tab. 3 presents its initial state.

Table 3. Space-based initial state

a e i RAAN Epoch
6924 2024-04-
km | 0-0001 | 97.6° | 299.86° | »y104.04-44.180 UTC

After that, the objects to be detected were simulated
considering the MASTER output, presented in Section
2, of the most probable region to find uncatalogued
debris. The orbits of these objects have six different
values of semimajor axis apart from 50 km, ranging
from 7000 kmto 7250 km. Each semimajor axis has ten
different values equally spaced in inclination and
RAAN ranging from 40° to 120° and -180° to 180°,
respectively. Moreover, the orbits are approximately
circular with an eccentricity of 0.001. Therefore, 600
distinct orbit scenarios were simulated for one-day
propagation starting at the epoch of the space-based.

The conditions for object detection by the space-based
were classified as events. In this way, every time the
conditions were reached, GODOT output the times
when this happened. Five events were created to
consider the five conditions.

The first event analyses if the object is outside the
Earth’s shadow { > 0°. The second one calculates if the
phase angle ¢ is inside the defined interval. In this case,
an interval ranging from 0° to 40° The third event




computes the angular distance camera-Earth y to verify
if Eq. 6 stands. The fourth determines the distance
between the space-based and debris. This event is
considered if this distance is smaller than the maximum
range the camera can detect an object. Finally, the last
event checks if the debris is inside the FOV by
converting the object's vectorial distance into spherical
coordinates.

The simulations were performed three times with
different maximum ranges reached by the camera to
consider objects of distinct materials. As seen in Section
3, if the debris is a fragment object, the maximum
camerarange is 200 km. If it has an MLI material, this
value increases to 300 km, and it is even higher,
reaching 400 km, if the debris is NaK droplets.

4.2 Results

The objective of the simulation is to assess if the star
tracker can detect some objects in the 600 different
orbits. The simulation was performed as follows: for
each semimajor axis, a hundred orbits varying the
inclination and RAAN were propagated. The 600
distinct simulated orbits are reached due to the use of
six values of the semimajor axis.

These 600 simulated orbits were run three times by
changing the maximum range at which the camera could
detect an uncatalogued object to evaluate the influence
of different materials on the star tracker's performance.
Fig. 6 shows the number of objects the camera detects
for the different semimajor axis orbits considering the
three scenarios for the maximum range.
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Figure 6. Star tracker detection for the several
simulated scenarios.
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The results demonstrate that the star tracker can detect
some debris in one day of observation since each bar
represents the number of occurred detections. The
influence of the material in the detections can also be
noticed, as largeralbedo objects have more chances to
be observed. The camera can detect faint debris until
7050 km of semimajor axis orbits, reaching brighter

objectsin more distant orbits with the semimajor axis of
7150 km.

However, the star tracker could not detect objects
beyondthe orbits with a semimajor axis of 7150 km. So,
from the six semimajor axis orbits, the observation
occurred only for the first four semimajor axis.

Therefore, the simulations confirm that the star tracker
in an SSO orbit looking at the uncatalogued debris in
the most crowded region can detect a satisfactory
number of objects for several orbit scenarios, with the
debris in closer orbits more probable to be observed.

5 INITIAL ORBIT DETERMINATION

Angles-only initial orbit determination methods are
techniques developed to determine an object's orbit
using angular data provided by optical observations,
such as the right ascension (RA), declination (DEC),
and observationtime. The methods consist of using this
known information to determine the position vector of
the observed object. Since the position vector requires
six independent quantities to be entirely determined, at
least three sets of observation data are needed.

The position vector of an Earth-orbiting object observed
by an optical sensor can be calculated as [18]:

= pz: + 77Zsite (10)
Where p is the distance observer-object, the range, T
is the observation site (the space-based location in this

context), and L is the line-of-sight unit vector. This
vector can be computed using the RA and DEC as:

cos(DEC) cos(RA)
L = |cos(DEC)sin(RA) (11)
sin(DEC)

Therefore, the Angles-only 10D methods implement
different techniques to find the range and, consequently,
determine the object position vector.

5.1 Simulated results into angular data

The output of the simulation is the interval of time an
object in a specific region will be visible to the star
tracker and the orbit of this object. In other words, if the
camera takes pictures during this time interval, it will
detect thisdebris. For example, an object in an orbit of
7100 km of semimajor axis, 84.44° of inclination and
138.06° of RAAN will be visible for time intervals
starting at 07:43:46 UTC until 07:44:11 UTC on the
same day, 2024-04-22. So, the debris is visible for about
25 seconds.

However, the output data must be converted into
angular data, RA and DEC to apply the simulation
results in the angles-only 10D methods. In this sense,
considering that the star tracker takes pictures every 5
seconds (since the star tracking needs at least 3 seconds



to processthe image), the detection will be separated by
5 seconds during the visible time. For instance, using
the visible time interval presented in the last paragraph,
five detections of the same object, or at least four if
accounting for the integration time, will occur.
Therefore, only the results of visible time intervals
greater than 20 seconds were chosen to ensure at least
three observations of the same debris.

After that, the GODOT was used to propagate the orbit
of the chosen object to the observation times since the
output orbit from the simulation has the starting time of
the visible time interval as its initial state. The
propagation is required to know the exact debris
position vector at that specific time. With the position
vector and the observation site, the slant range vector
p = pL can be computed by using Eq. 10. Thereafter,
the RA and DEC can be calculated as:

. p-K
DEC =sin™1| == 12
(npn) (12)
B _ D/
if il > 0,RA = cos ( oS DEC (13)
_ 3600 cos (DA 1y
else, RA = 360° — cos ( —DEC (14)

Then, these values of RA, DEC, and observation times
represent the angular data of an object provided by
optical observation. Moreover, to increase the fidelity of
the calculated data, since the camera is not a perfect
device, the values of RA and DEC were corrupted with
anerror of 3arcsec. Thisis the predicted uncertainty of
the star tracker’s attitude results.

Therefore, a Monte Carlo simulation was performed to
take a hundred random values corrupted by the three
arcsec uncertainty for the RA and DEC of each
observation time. In otherwords, every observation time
will have a hundred random values of RA and DEC
corrupted by the star tracker’s error.

5.2 Gauss method

The Gauss method is a technique that assumes
Keplerian orbits (propagation without perturbations) and
considers the three position vectors to be in a single
plane [18, 25]. This method was first developed to
determine the orbit of interplanetary bodies, but it can
also be applied to Earth’s orbiting objects.

Fromthree observations of the same object, the method
consists of finding the roots of the following eight-order
polynomial given by:

r2+arf +bri+c=0 (15)

In Eq. 15, the parameters a, b and c are calculated from
the observation times, line-of-sight vectors and
observation site. By solving Eq. 15, eight roots are

found, but only one is a real and positive value. The
remaining rootsare imaginaries or negatives. Therefore,
the single viable solution represents the magnitude of
the position for the observation in the middle. After that,
the slant range vector can be determined, and then the
object position vector can be computed using Eq. 10.

5.3 Gooding method

The Gooding method is an iterative technique that
requires three observations of the same objectand initial
guesses for the ranges of the firstand third observations.
It then iterates by slightly changing the initial guesses
until it finds convergence [19, 25].

With the initial values of ranges, the position vectors of
the first and the third observations can be computed
using Eq. 10. Then, a Lambert solver is called to
propagate the state until the time of the second
observation. The Lambert solver is a method that
computes the orbit of an object from two position
vectors and the time of flight between these two
positions [18]. After that, the position vector of the
second observation is determined. Then, the line-of-
sight vector from the estimated position is compared to
the truth line-of-sight viaa dot product. If the solution is
near one, the method achieves the desired result.

The iterative part of this method involves slightly
adjusting the range until the dot product between the
estimated and true line-of-sight results approaches a
value of one. This change is performed by varying the
range's direction and magnitude. In other words, the
method slightly modifies the range guess up and down
to find the partial derivatives of this guess. Then, the
partial derivatives are applied to a Newton-Raphson
method to update the range for the next iteration.

The convergence of the Gooding method is directly
connected to the initial guesses for the range. The
chances of successfully reaching the convergence are
higher if the initial guess is close to reality. So, the
range calculated from the Gauss method was used as the
initial guesses, as suggested by [26]. Moreover, the
Lambert solver is also vital for the method’s success.
Therefore, the Lambert solver from GODOT was used.

5.4 Results

In total, 39 observations from all the detections were
chosen for having a visible time interval larger than 20
seconds. Each object from these 39 has an ID number
from 1 to 39. For example, the detected object number 1
has an orbit with a semimajor axis of 7000 km, an
inclination of 66.67°and a RAAN of 59.17°, and it was
visible for 20 seconds. In summary, each ID represents
an object in a specific orbit.

The 10D was performed for each object a hundred times
since eachhasa hundred angular data corrupted by the



star tracker uncertainty (see Subsection 5.1). After that,
the Gauss and Gooding results were compared to the
real value (the simulation output) to assessthe accuracy
of the IOD methods. Then, a difference between thereal
data's orbital elements, position and velocity
magnitudes, and the 10D results was performed to
check how far apart the method's outputs were. Finally,
a mean and a standard deviation of the difference for
each object were computed.

The comparison results for the semimajor axis, position
and velocity are shown in Fig. 7, in Fig. 8 and in Fig. 9.
In these figures, it is possible to see the mean difference
error and the standard deviation for the Gauss and
Gooding for each object ID. For the semimajor axis,
Fig. 7, the error difference for almost all objects is
below 200 km for both methods. This difference is
sometimes less than 100 km. Also, both methods have
similar behaviours, presenting results that are very close
to each other. However, the Gooding method
demonstrated a better performance in four cases.

Fig. 8 shows the position errors where almost all
scenarios are below 250 km, in some cases below 100
km difference. The results of both methods are similar
again, but Gauss performed better for two objects this
time. The velocity errors concentrate below 0.2 km/s, as
shown in Fig. 9, and Gooding performed slightly better
for four scenarios.

In summary, Gauss and Gooding demonstrated
promising results with errors of a few hundred
kilometres for the semimajor axis and position and
small errors for the velocity. The better results were
obtained for objects with a semimajor axis of 7000 km
and inclinations ranging from 49° to 85°. On the other
hand, the worst findings were for more distance objects
with semimajor axes of 7050 km and 7100 km.

Evaluating the remaining orbital elements, the methods

performed better for the inclination thanthe others. The
average inclination errors were about 20°. It was less
than 5° in four scenarios. The better results were for
higher inclination orbitsranging from 85°to 102°, while
the worst findings happened for orbits with 49° of
inclination. Moreover, Gauss and Gooding failed to
estimate eccentricity and RAAN with a few errors. Tab.
4 presents the results for some detected objects.

Tab. 4 presents the results for four different object
orbits. Object ID 4 orbit has a semimajor axis of 7000
km, aninclination of 102.22° and a RAAN of 261.40°,
Objects 17 and 19 have the same semimajor axis as
object 4, but with inclinations of 66.67° and 75.55° and
RAANS of 59.17°and 340.28°, respectively. Last, object
31 is in a higher orbit of 7050 km of semimajor axis,
with an inclination of 93.33°and RAAN 182.50°. These
orbits and the results in Tab. 4 indicate the performance
of the methods discussed in the previous paragraphs.
Gauss and Gooding can estimate the inclination more
precisely for orbits with higher inclinations, but the
semimajor axis, position and velocity have a greater
uncertainty. On the other hand, the methods perform
better for the semimajor axis, position and velocity in
orbits with inclinations lower than 85°. Also, the object
31 resultsdemonstrate that this performance decreases
for higher semimajor axes.

The RAAN results are less bad for orbits with RAAN
larger than 260°. A similar behaviour cannot be seen in
the eccentricity estimation. The results for the
eccentricity seem to be completely random and
independent of the type of orbit. Moreover, Gauss and
Gooding generally presented similar estimations, being
able to compute the orbit with reasonable precision for
the semimajor axis, position and velocity and estimate
the inclination with fair accuracy for higher inclination
orbits.

Table 4. Gauss and Gooding results for some detected objects

Object ID |AF] (km) [AD (km/s) Aa (km) Ae Ai (9) ARAAN (°)
Gauss method
4 128.27 0.08 115.54 0.008 4.62 36.78
17 72.95 0.04 71.61 0.001 31.00 240.97
19 74.44 0.04 81.44 0.0004 22.08 40.39
31 151.17 0.11 200.71 0.018 4.99 115.87
Gooding method
4 128.27 0.08 118.60 0.008 4.62 36.78
17 72.95 0.04 71.54 0.001 31.00 200.86
19 74.44 0.04 81.80 0.0004 22.08 40.39
31 151.17 0.11 200.43 0.018 4.99 115.87
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6 CONCLUSION

The continuous increase of space activities and space
objectsdemands constant surveillance of space debris
for the safety of space missions. This study explores the
potential of using a star tracker to detect uncatalogued
debris and contributes to a future catalogue of these
objects.

The study started by identifying the most likely orbit to
find sub-10 cm debris using MASTER. Then, the star
tracker's performance in detecting these objects was
evaluated. The results indicate that the proposed star
tracker can detect uncatalogued debris at a maximum
range of 400 km, depending on the object material.
After that, a simulation using GODOT was conducted to
verify whether the detection by the star tracker actually
occurred. The simulations demonstrated that detections
occur for objects in various orbits, indicating the
capability of the star tracker to observe uncatalogued
debris.

Finally, the orbits of the detected objects were computed
using the Gauss and Gooding methods and compared
with the simulation results to assess the accuracy of both
techniques. The methods performed similarly,
determining the semimajor axis, position and velocity
with reasonable accuracy and the inclination with good

precision for higher inclination orbits.
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