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Abstract

This paper presents a comparative analysis of the long-term spin period evolution of inactive box-wing
satellites and rocket bodies. First, it provides an overview of common trends observed at the
Astronomical Institute of the University of Bern, across different orbital regimes. In particular, two
major behaviours are identified in Medium Earth Orbit: an oscillating pattern and secular trend for box-
wing satellites, and a constant trend for rocket bodies. Second, it describes a simulation environment to
model such behaviours, adopting an open-source orbital and attitude propagator. The capability to
capture these trends is demonstrated, provided an ad-hoc set of initial parameters.

1. Introduction

The growing number of space debris (SD) in Earth's orbit has intensified the demand for effective Active Debris
Removal (ADR) strategies to ensure the long-term sustainability of space activities [1]. A key factor in ADR missions
is the spin period of the target SD as it directly influences approach and capture strategies.

ADR missions typically require 5 to 10 years from initial design to launch [2], during which the spin characteristics of
the target SD can change considerably. This evolution is driven by various environmental torques, including
atmospheric drag, solar radiation pressure, Earth's gravitational field, and potential impacts with other objects.
Additionally, intrinsic physical properties, such as shape, mass distribution, and surface characteristics (e.g., specular
or diffuse reflection), also affect the rate of spin variation. Given these complexities, it is essential not only to determine
the current spin period but also to predict its long-term evolution.

Light curves, representing the temporal variation of an object’s brightness as observed by optical sensors, are a widely
used data source for determining the spin period of space objects [3]. Numerous methods have been proposed in the
literature to extract angular velocity (or, equivalently, spin period) from light curves, with the choice of method
depending on factors such as observation duration, sampling frequency, data continuity, and whether the data points
are evenly spaced in time.

Spectral analysis techniques, such as Fast Fourier Transform, periodogram analysis, and Welch’s method [4], are
commonly used to estimate a signal’s power spectral density (PSD), revealing how the signal’s energy is distributed
across different frequency components. These methods work by converting the time-domain signal into the frequency
domain to identify dominant periodicities. However, a significant limitation of these methods is their reliance on evenly
spaced data points.

To address this limitation, alternative techniques have been developed. Epoch folding [5] tests a range of candidate
periods by aligning (or "folding") the light curve data to identify periodic behaviour, typically by minimizing the scatter
within the folded signal. The Lomb-Scargle periodogram [6] is specifically tailored for unevenly spaced data, providing
a robust estimate of the PSD and enabling the detection of significant periodic components. Lately, machine learning
techniques have been increasingly applied to estimate spin periods and characteristics of space objects from light curve
data, offering advantages in handling large datasets and complex patterns that traditional methods may struggle with
[7].

The Astronomical Institute of the University of Bern (AIUB) has extensive experience in the acquisition and analysis
of light curve data. Its observational infrastructure is based at the Zimmerwald Observatory, located approximately 10
km south of Bern, Switzerland. Photometric observations have been conducted using the 1-meter Zimmerwald Laser
and Astrometry Telescope (ZIMLAT) and the 0.2-meter Zimmerwald Small Aperture Robotic Telescope
(ZImSMART) [8]. Using light curves obtained at Zimmerwald, AIUB has successfully determined apparent rotational
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periods and their temporal evolution for a wide range of space objects, including box-wing satellites, rocket upper
stages, and fragmentation debris, across various orbital regimes [9-11]. Rachman et al. [12] have performed statistical
analyses on a set of inactive GLONASS satellites, providing information on the average spin period, average cycle
period, and secular trend. They have also developed empirical models to fit observed data and extract future spin
periods of GLONASS satellites. Cimmino et al. [13,14] have carried out an extensive sensitivity analysis, examining
how different geometries (i.e., panel, parallelepiped, box-wing), initial attitude states, angular velocities, surface
properties, and satellite configurations impact the spin behaviour for a space object in Medium Earth Orbit (MEO).

In this context, this paper provides two main contributions. First, it presents an overview of common trends of the spin
period of inactive box-wing satellites and rocket bodies observed at AIUB. This includes statistical analyses of relevant
parameters such as ranges of values of the spin period across different orbital regimes, and secular trends. Second, a
sensitivity analysis by means of simulations is conducted to understand how different parameters influence the spin
evolution over time for rocket bodies in MEO, highlighting the main differences with the behaviour of box-wing
satellites.

The remainder of this paper is organized as follows. Section 2 presents an overview of AIUB’s light curve database,
with a particular focus on payloads and rocket bodies, along with relevant statistical insights. Section 3 describes the
simulation environment used for the analysis. Section 4 discusses selected simulation results. Finally, Section 5
provides conclusions and outlines directions for future work.

2. AIUB light curve database

The AIUB light curve database currently contains around 4,800 light curves from 544 space objects across different
orbital regimes and different types of objects. The database is divided into four orbital regimes, i.e., Low Earth Orbit
(LEO), Medium Earth Orbit (MEO), High Eccentric Orbit (HEO) for orbits with an eccentricity larger than 0.2, and
Geosynchronous Earth Orbit (GEO), and four object groups.

The first object group is the payload (PL) which is usually a box-wing type of object with one or two solar panels
attached to the main bus. The second is the rocket body (RB) which typically has a cylindrical-like shape. The third is
the debris which is either mission-related or fragmentation debris. The last one is the DIS group for objects discovered
during ESA’s GEO, GTO, and Molniya surveys. The origin of DIS, compared with the other groups, is unknown. As
the first two groups represent almost 80% of the whole database, following analyses and considerations will regard
only these two groups.

Figure 1 shows the absolute frequency of payloads and rocket bodies across the different orbital regimes. It can be
noted that most of the observed objects are rocket bodies, which represent the majority of the observed population in
LEO and HEO. Most of MEO objects, instead, are payloads, in particular a set of 70 inactive GLONASS satellites
which have been observed from 2015 to 2023.
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Figure 1: Absolute frequency of payload (PL) and rocket body (RB) objects in AIUB light curve database across the
different orbital regimes.

Each light curve in the database undergoes manual processing. Initially, curves with insufficient data (typically fewer
than 30 points) are discarded. The remaining cases are divided into two categories: those with no visible repeating
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patterns and those that exhibit a periodic behaviour. Non-repeating light curves fall into two subtypes. If the pattern
appears flat or overly simple, it likely reflects only the object’s orbital motion, indicating no relative rotation during
observation; these are termed stable. If the pattern is more complex but lacks a clear period, it may suggest a slow
rotation with a spin period longer than the observation duration; these are labelled slow rotators. For curves showing
repetitions, further processing involves cleaning outliers and trends. If the spin period can be successfully extracted,
the light curve is classified as rotator. If the analysis is inconclusive or remains incomplete due to time constraints, the
case is marked as unfinished.

To evaluate an object’s attitude state over time, the sequence of its light curves is reviewed. Based on this analysis,
each object is classified into one of four attitude categories: Rotator, Slow Rotator, Stable, or Unknown.

An object is labelled a Rotator if it has at least one processed light curve indicating rotation, regardless of whether it
also shows slow or stable behaviour at other times. If no rotator light curve is found, the object is classified based on
the relative frequency of slow rotator and stable light curves; Slow Rotator status takes precedence if both counts are
equal. An object is considered Stable only if stable light curves significantly outnumber slow rotators. The Unknown
category includes objects for which attitude determination is not possible due to poor data quality, incomplete
processing, or a lack of processed light curves.

Figure 2 shows the absolute frequency of payload and rocket bodies with respect to the attitude state. Rotators (39.2%)
and stable (32.1%) objects make up the largest groups. While the former are distributed across all orbital regimes, the
latter were not observed in HEO. Payloads dominate the Rotator group (70.1%), whereas rocket bodies are the majority
in both the Slow Rotator (65.2%) and Stable (81.8%) categories. The prevalence of slow rotator and stable LEO rocket
bodies suggests a trend of rotational decay in LEO rocket bodies, likely driven by eddy current torque [15]. Another
key finding is the high count of rotator and stable rotator MEO payloads, most of which are GLONASS satellites
(83.7%).
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Figure 2: Absolute frequency of payload (PL) and rocket body (RB) objects in AIUB light curve database across
different attitude states.

A visual analysis of spin period evolution for Rotator objects revealed three main behaviour patterns: Oscillating,
Increasing, and Decreasing. Based on this, rotators were grouped accordingly, with an additional No Trend category
for cases lacking enough data or successful period extractions. The database includes 72 objects with unknown trends,
42 oscillating rotators, 12 increasing and 18 decreasing behaviour patterns.

Figure 3 shows the absolute frequency of payload and rocket bodies with respect to the spin period pattern. Oscillating
rotators are mostly MEO payloads, specifically GLONASS satellites, with only one exception, a BREEZE-M rocket
body in GEO. Increasing and decreasing rotators are more varied in orbit and object type.
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Figure 3: Absolute frequency of payload (PL) and rocket body (RB) objects in AIUB light curve database across
different rotating patterns.

The spin periods of objects in the database range from less than 1 s to nearly 1 500 s (25 min.). The fastest spinner is
a GEO rocket body, BREEZE-M R/B (COSPAR ID: 2015-075B), with a period of 0.88 s (410.26 °/s), while the slowest
is a GEO payload, COSMOS 2473 (COSPAR ID: 2011-048A), with a period of 1 480.51 s (0.24 °/s). Figure 4 shows
the minimum (lower whisk), maximum (upper whisk) and median value (dot marker) of the logarithm base 10 of the
apparent spin period (P,) across the different orbital regimes, for payload (blue markers) and rocket body (red markers)
objects. Rocket bodies tend to be fast rotators across all orbital regions, with median spin periods smaller than 7 s in
all regions except HEO, where they still spin fastest among object types (median of circa 43 s). Payloads show more
diverse spin behaviours. LEO payloads are relatively fast (median of circa 11.6 s); slower payloads are mainly found
in MEO and GEO. The highest payload median (820 s in HEO) is skewed by a single object: MAQSAT H (COSPAR
ID: 1997-066 A).
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Figure 4: Minimum, maximum and median apparent spin period of payload (PL) and rocket body (RB) objects
across different orbital regimes.

From 2015 to 2023, AIUB was in particular observing 70 decommissioned satellites of the Russian Global Navigation
Satellite System, GLONASS. Observed data of some of the GLONASS satellites show a periodic variability of the
spin period and a secular (increasing/decreasing) trend. Figure 5 shows the spin period time evolution for GLONASS
satellites Cosmos 1988 (NORAD 19750) (a) and Cosmos 2204 (NORAD 22057) (b), both exhibiting an oscillating
pattern with a secular decreasing/increasing trend. In the same period, different rocket bodies were also observed at
the same orbital regime, namely Ariane 5 [16], Atlas V Centaur [17], Fregat [18] and SL-12 [19]. Observed data of
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these RBs show instead a constant value of the apparent spin period. Figure 6 shows the spin period time evolution for
Ariane 5 (NORAD 41863) (a) and SL-12 (NORAD 33383) (b), both exhibiting a constant P, over a period of 8 and 10
years respectively.
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Figure 5: Apparent spin period of Cosmos 1988 (a) and Cosmos 2204 (b) observed at Zimmerwald observatory from
2015 to 2021.
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Figure 6: Apparent spin period of Ariane 5 R/B (a) and SL-12 R/B (b) observed at Zimmerwald observatory from
2015 to 2025.

3. Simulation environment

To model the long-term pattern of the spin period, an opensource software, namely Debris Spin/Orbit Simulation
Environment (D-SPOSE) [20], has been adopted, which integrates three coupled differential equations. First, the
dynamics equation for orbital motion in Earth-Centred Inertial frame:

L

"=

r(O + ) a0, v(0),4(0), w(0) M
J

where 7 is the position as a function of time t, r = ||r||, v is the velocity, q is the attitude parametrization, chosen
here to be a quaternion, ¢ = [q, q5]7, w is the angular velocity of the body with respect to the inertial frame, u is the
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Earth’s gravitational parameter, and a; represents the additional considered accelerations due to orbital perturbations,
which are a function of the rigid body’s position, velocity, and attitude state.
Second, the attitude dynamics equation:

Io(t) + o) Iw(t) = Z 7;(t, 7(0), v(t), q(t), w(t)) @)

J

where 1; represents the external torques, I is the matrix representation of the inertia tensor of the rigid body in the
centroidal body-fixed frame. The superscript x denotes the skew-symmetric matrix representation of the cross-product.
Finally, the kinematic equation for the absolute orientation of the spacecraft:

1
4() = 5 2@)q(t) ®

where, being w,, w, and w, the angular velocity components in the body-frame, Q is defined as follows.

0 -wy -w, -—w,
Wy 0 w, —w
Q= 3 0 Y ()
w,, w, Wy
W, Wy, —Wy 0

Equations (1)-(3) are numerically propagated at a fixed integration time step using the Runge-Kutta Dormand-Prince
(RKDP) numerical integration method [21]. The same time step is used for propagating both the orbit and attitude
equations as both are coupled.

The spin period (T) is then computed using the following equation.

2
lw(0)]

T(t) = ®)
Four input files are required to run the simulator:

e aTwo-Line Elements (TLE) file corresponding to the initial epoch to extract the initial orbital elements.

o afile containing the propagation parameters, among which the propagation time step and the propagation time.

e a file containing the model parameters (i.e., external perturbations). For the MEO regime, the following
perturbations have been considered: asymmetry of the gravitational field (only J2), third-body (Sun and
Moon), Solar Radiation Pressure (SRP), gravity gradient torque, and SRP torque. Moreover, the initial attitude
of the SD is described as a rotation of the Body Reference Frame (BRF) with respect to the Orbital Reference
Frame (ORF) [22] with a classical (3-2-1)-sequence of Euler angles: yaw (i), pitch (8) and roll (¢). Similarly,
the initial angular velocity is expressed in terms of components of w in the BRF.

e a file containing information on the SD geometry. Any SD shape can easily be considered since the input
consists of a list of triangular surfaces defined by the position of its three vertices in the BRF, the direction of
its inward surface normal and the optical coefficients in the visible spectra. In particular, the surface properties
are described by the coefficient of specular reflection (p), diffusive reflection (§) and absorption (). The three
coefficients must satisfy the following constraint.

p+d+a=1 (6)

4. Results and discussions

To compare the long-term time evolution of the spin period of box-wing inactive satellites and rocket bodies, a
sensitivity analysis has been carried out. The initial orbital state is assumed to be fixed. In particular, the initial orbital
elements, namely, semimajor axis (a), eccentricity (e), inclination (i), right ascension of the ascending node (£2),
argument of perigee (w) and true anomaly (v), are extracted from the TLE [23] of COSMOS 2109 (NORAD ID 21006)
at epoch 29" June 2015, 16:29:34 UTC (see Table 1). The propagation time is 1825 days, the integration step is 1 s,
and the sampling frequency of the output is 1 state/12 h. Two geometries are considered: a box-wing configuration and
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a rocket-body model, which are described in detail in the following subsections. For both geometries, the BRF-axes
coincide with the central axes of inertia of the SD. Moreover, the BRF is initially aligned with the ORF. For each
geometry, the following settings have been explored (see Table 2):

e 4 initial attitudes: one assumes that there is no rotation of the BRF with respect to the ORF, and three assume
a 90 ° rotation of yaw, pitch and roll respectively.

e 5Sinitial angular velocities: one assumes that the initial angular velocity is zero. This is representative of a very
low speed case. Then, three assume an angular velocity of 5 °/s along each axis of inertia respectively. Finally,
it is assumed an angular velocity component of 3.0 °/s along all the three axes of inertia, resulting in |w(t)|
equal to 5.2 °/s.

e 3 surface properties distributions, namely, all surfaces have either specular reflection, diffusive reflection or
absorption properties. Additional asymmetric distributions have been considered for the different geometries
as it will be detailed later in the subsections.

Table 1: Initial orbital elements for the simulation.

alkm] —e[] i[l Q] o[l v[]
25509.4 0.0082 641 2088 1862 339.0

Table 2: Model parameters for the sensitivity analysis.

Parameters Values

Y6 p]° [0 00],[90 0 0],[0 90 0], [0 0 90]
[we @, w,]°s  [000],[500],[050],[005],[333]
[p 68 al [100],[010],[001]

4.1 Results for the box-wing model

In a previous study [13], the authors have carried out a wide sensitivity analysis of the spin period time evolution for
a generic box-wing satellite, located on a MEO orbit, varying the optical coefficients, the initial angular velocity, and
the initial attitude state assuming the values reported in Table 2. Moreover, the variation of the canting angle of the
solar panels with respect to the central bus has also been explored. Two configurations have been considered: a
symmetric one in which both panels are rotated of the same angle 3, and an asymmetric case in which the left and right
solar panels are rotated of 5 and —p respectively. In the former case,  can assume a value of {0, 45,90, 135} °; in the
latter case 8 can assume a value of {5, 10, 15} °. The outcomes of [13] constraint the initial conditions for the analyses
in this work. In particular, to have an oscillating pattern and a secular trend of the spin period, two conditions are
necessary: an asymmetric configuration of the canting angles, and an asymmetry in the surface properties.

In this work, a GLONASS | satellite has been used as reference for the simulations. The spacecraft has been modelled
as a box-wing satellite with the following characteristics: a central box of size 4.0 x 2.0 x 2.0 m, and two solar panels
of size 0.0 x 3.5 x 4.0 m canted with 8 equal to 5 ° (see Figure 7). The total mass of the satellite is 1400 kg [24] and
the inertia matrix is:

1709.5 0 0
I=| 0 2305.3 0 | kgm? (7
0 0 2915.2

Fixed the geometry and the mass distribution, two test cases are described. The model parameters for the first box-
wing test case (BW1) are the following:
e Surface properties. Central box, +X face: p = 1.0; central box, -X, =Y and + Z faces: § = 1.0; solar panels,
+X face: p =0.25, 6 =0.25, a =0.50; solar panels, -X face: § = 1.0.
e [Initial attitude: [, 8, ¢] = [0, 0, 90] °.
e Initial angular velocity: [a)x, Wy, (uz] =10, 6.6, 0] °/s.
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Figure 8 (a) shows the time evolution of the spin period using the parameters above. Two important features have been
captured by the model and can be clearly noted in the figure: a yearly periodicity of T due to the yearly cycle of the
Sun apparent motion around the Earth, and a decreasing secular trend (i.e., the spacecraft is spinning up). The former
feature is attributable to the asymmetric canting angle, whereas the latter is due to the asymmetry of the surface
properties.
For the second box-wing test case (BW2), the same canting angle and initial attitude as BW1 are set, but different
setting for:

e  Surface properties. Central box, +X face: p = 1.0; central box, -X, =Y and + Z faces: a = 1.0; solar panels,

+X face: p =0.25, 6 =0.25, a =0.50; solar panels, -X face: & = 1.0.

e Initial angular velocity: [w,, w,, w,| =[3.8, 3.8, 3.8] /s.
In this case (Figure 8 (b)) the spin period exhibits a yearly periodicity, as seen before, but an increasing secular trend
(i.e., the spacecraft is slowing down). Also in this case, the two features can be attributable to the asymmetry of the
canting angle and the asymmetry of the surface properties, respectively.
A few differences can be noticed when comparing observed and simulated data. The amplitude of the oscillations and
the slope of the secular trend are larger in the simulated scenario. Moreover, observed data exhibit sharper variations
of the spin period, with a characteristic “triangular” pattern. Such discrepancies can be attributable to the initial set of
modelling parameters as well as to mismatches in the geometric and mass distribution properties of the modelled
spacecraft.
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Figure 7: Meshed model of a GLONASS | satellite.
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Figure 8: Modelled spin period for BW1 (a) and BW?2 (b).
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4.1 Results for the rocket-body model

In this work, an Atlas V Centaur R/B [17] has been used as reference for the simulations. The RB has been modelled
as an octagonal prism with the following characteristics: the bases are octagons inscribed in a circle of radius 1.5 m,
and the height is 9 m (see Figure 9 (a)). The total mass of the satellite is 2300 kg [20] and the inertia matrix is:

16717.3 0 0
I=| o 167173 0 | kgm? (8)
0 0 2384.6

Zgre [M]
o

Zgre [M]
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A ) 1 2

YBRF [m] XBRF [m] YBRF [m] XBRF [m]

(@) (b)
Figure 9: Meshed model of the rocket body for symmetric (a) and asymmetric (b) surface properties modelling.

First, results for symmetric surface properties are presented. Regardless of the specific surface properties (i.e., specular
reflection, diffusive reflection or absorption), the spin period remains bounded around a mean value. Nevertheless,
depending on the initial attitude state, the behaviour of the angular velocity components changes over time. In
particular:
e if the initial angular velocity is 0 °/s, w, (or w, ) will oscillate around a mean non-zero value, w,, (or w,) will
oscillate around zero and w, will be equal to zero for the whole propagation time (see Figure 10 (a));
o if the initial angular velocity is along one of the inertia axes, it will remain along the same axis for the whole
propagation time, whereas the remaining two components will be equal to zero (see Figure 10 (b));
o if the initial angular velocity has equal components along all the axes, then the w, component will keep the
same value for the whole propagation time, whereas w, and w, will oscillate around zero, shifted of circa 1
day with respect to each other (see Figure 10 (c) and the zoomed in Figure 10 (d)).
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Figure 10: Angular velocity components for symmetric surface properties. The initial angular velocity is 0 °/s (a), or
is along a central axis of inertia (b), or has components along all the axes of inertia (c-d).

In the next analysis, asymmetries in the surface properties are introduced. Two major asymmetries are considered:
e the bases have all diffusive properties, [p & a] = [0 1 0]. Half of the side surface has diffusive properties,
[p & a] = [0 1 0], and half has absorption properties, [p § a] =[0 0 1].
e the original prism is split in two prisms of height 7 m and 2 m respectively (see Figure 9 (b)). The upper base
and the first cylinder side surface have diffusive properties, [p & a] = [0 1 0]. The lower base and the second
cylinder side surface have specular properties, [p § a] = [1 0 0].
In both cases, regardless of the initial attitude state, the spin period remains equal to its initial value or bounded around
a mean value (for the low-speed case). Moreover, if the initial angular velocity is along the minimum axis of inertia or
has components along all the axes, the same behaviour of the corresponding symmetric surface properties-case is
observed. If the initial angular velocity is along an axis of maximum inertia, w, remains zero for the whole propagation
time, whereas w, (or w,,) oscillates around a mean value slightly different to 5 °/s and w,, (or w,) oscillates around a
mean value slightly different to 0.0 °/s, as it can be seen in Figure 11 (a) (or Figure 11 (b)). The spin period remains
constant and slightly larger (or smaller) than 72 s.
It is important to note that in the case of symmetric surface properties, the SRP torque is 0.0 N-m due to the symmetry
of both the geometry and the surface characteristics. In contrast, when surface properties are asymmetric, the total SRP
torque acting on the rocket body is on the order of 1075 N-m, comparable to the torque experienced by the box-wing
configuration. However, in the rocket body case, this torque does not induce a secular trend, probably owing to its
higher moments of inertia and the different behaviour of the torque components. This aspect will be examined in more
detail in future work.
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Figure 11: Angular velocity components for asymmetric surface properties. The initial angular velocity is along an
axis of maximum inertia, i.e., Xggr (2) OF Ygrr (D).

5. Conclusions

This paper has presented a comparative analysis of the long-term spin period evolution of inactive box-wing satellites
and rocket bodies. First, an overview of the AIUB database is provided, showing that rocket bodies constitute the
majority of observed objects in LEO and HEO, while MEO is dominated by payloads. Rotators, (i.e., objects for which
the spin period can be successfully extracted), and Stable objects (i.e., objects with no clear patterns in the light curve)
form the largest categories; rotators are distributed across all orbital regimes, whereas stable objects are absent in HEO.
Payloads dominate the rotator group (70.1%), while rocket bodies are most common among Slow Rotators (65.2%)
and stable objects (81.8%).

Spin period trends indicate that Oscillating rotators are mostly MEO payloads (mainly GLONASS), except for a single
BREEZE-M rocket body in GEO. In contrast, increasing and decreasing rotators span multiple orbits and object types.
Rocket bodies generally exhibit fast rotation across all orbits, with median spin periods under 7 seconds, except in
HEO (~43 s), where they still spin faster than other objects. Payloads show more varied spin behaviours.

Due to the large number of GLONASS satellites observations, further analysis focused on MEO region. In particular,
while the spin period of inactive GLONASS satellites display oscillating patterns with secular trends, rocket bodies
maintain nearly constant spin periods over observation spans up to 10 years.

To understand and model these trends, a simulation environment using the open-source D-SPOSE tool was employed.
Two meshed models, one for a box-wing satellite and one for a rocket body, were generated. For box-wing objects,
initial conditions have been constrained based on prior authors’ works, introducing asymmetries in canting angles and
surface properties. With appropriate initial conditions, the model successfully reproduced the 1-year periodic
oscillations and secular trends.

For the rocket bodies, a broad range of initial attitudes, angular velocities and surface properties (symmetric and
asymmetric) has been explored. Across all cases, the spin period remains constant, or bounded around a mean value,
for the whole propagation time, aligning with observational data. Notably, even in cases where the angular velocity
components exhibit periodic variations, the overall rotational speed remains constant.

Further analyses should be carried out to reduce discrepancies between modelled and observed data. This includes
further tuning of the initial attitude state and optical coefficients, as well as a higher fidelity model of the box-wing
geometry. Moreover, the long-term evolution of the spin period in other orbital regimes will also be investigated.
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