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ABSTRACT. Active space debris removal operations mnpo IBHAKICTH iXHBOTO OOEpTaHHS Ta IOTOYHY

require a priori knowledge of the target objects’
rotation parameters, i.e., information on their rotation
speed and current orientation in space. This can
be achieved through appropriate observations designed
to determine these parameters. Recording and
subsequent analysis of light curves is the most common
method for monitoring space objects’ rotation using
optical means. This paper examines the results of
long-term  photometric observations of a large space
debris object — the third stage of the SL-14 rocket
(international COSPAR  number 1987-074G,
USSTRATCOM ID 18340). It shows how this
resident space object's (RSO) rotation speed around
its center of mass repeatedly changed between 2006
and 2025. To understand the cause of this behavior of
RSO 18340, it is necessary to study the relationship
between its different rotation speed states and the
corresponding orientation of its rotation axis in inertial
space. In paper, we consider the observed light curves
of RSO 18340, recorded in 2024 at different
observatories, analyze their structure and identify similar
photometric patterns in different light curves. These
photometric patterns are used to determine the spatial
direction of the object’s rotation axis in two short (1—
3 days) time intervals in late February — early March
2024. As a result of this analysis of the light
curves, four estimates of the average direction of the
rotation axis and its evolution over a two-week
interval were obtained. Using two light curves
obtained during flybys over different observing
points on February 27, 2024, we obtained the current
direction of the rotation axis in the inertial coordinate
system: RA = 10°, Decl. = -66°. And based on six light
curves obtained on March 9, 10 and 11, 2024, the
following average coordinates were determined: RA
= 06°, Decl. = -39°. We estimate the internal error of
these results to be +(5-10)°. Based on these results,
we hypothesize that there are no rapid shifts in the
rotation axis of RSO 18340.

Keywords: space object; photometric observation; light
curve; apparent period; photometric pattern; spin axis
orientation.

AHOTAIIS. JIns omepalliii 3 akTUBHOTO BUIAICHHS
KOCMIYHOTO OpyXTy HEOOXiHE ampiopHEe 3HAHHS
napamMeTpiB o0epTaHHs IiTHOBUX Tijl, TOOTO 1HGOPMAITis

opieHranito y mpoctopi. Lle Moxe Oyru 3abe3neueHo
BIJMIOBIJTHUMHU CIIOCTEPEIKEHHSAMH, IMPU3HAYCHUMH JUIs
BU3HAYCHHS LIMX IapaMeTpiB. PeecTpauis Ta moxanpmuii
aHaNi3 KPUBUX OJIMCKY € HAWMOIIHPCHIIIUM METOIO0M
MOHITOPHHTY obepTaHHs KOCMIYHHX
00’exTiB onTHYHMMH 3acobaMu. Y poOOTiI pPO3TIAHYTI
pesynbratd  OaratopidHuX  (POTOMETPUYHHX  CIIO-
CTEPEKCHb BEJIHMKOr0 00 €KTa KOCMIYHOTrO OpyxTy — 3
-To crymeHs paketd SL-14  (MibKHapomHuWid  HOMep
COSPAR  1987-074G, USSTRATCOM ID 18340).
ITokazano, sk mpotsrom 2006—2025 pp. HEOAHOPA30BO
3MiHIOBajJacs UWIBHJKICTh OOEpTaHHS HAaBKOJO LEHTPY
MacH I[bOTO PE3UJICHTHOro KocMiuHoro o6'exkra (KO).

Jdns po3yMiHHA TPUYMHU Takoi moBeninku KO
18340 HeoOXimHO BHBYUTH B32aEMO3B'I30K MK pi-
3HHUM CTaHOM INBHIKOCTI #oro obepraHHS Ta Bij-

MOBITHOI0 OPIEHTAIIE€I0 B iHEPUIHHOMY MPOCTOpPi HOTO
oci oOepranHs. Y poOOTi aias IbOrO PO3MIISTHYTO
cnoctepexxHi kpusi Omucky KO 18340, sxi orpumani
Ta 3apeectpoBaHi B 2024 pomi Ha  pi3HHX
oOcepBaTOpisfiX, MpOaHATI30BAaHO IX CTPYKTypy Ta
ineHTH]IKOBaHO CXO0X1 (OTOMETpUYHI NATEepPHU Ha
pi3EEx KpuBuX Omucky. Lli doromerpuuHi maTepHH
MoTiM OyJIM BUKOPHCTaHi Il BU3HAUCHHS HANpSIMKY Yy
npocropi  oci  obepraHHs  jgaHoro o0’ekra Yy
IBOX KOPOTKHX dYacoBuX iHTepBamax (1-3 mobu) Ha-
MIPUKIHII JIFOTOTO — Ha modyatky Oepe3Hs 2024 poky. B
pe3yabTaTi [BOTO aHai3y KPUBUX OJIMCKY OTPUMaHO 4O-
THUPU OL[IHKU CEPEeJHBbOr0 HampsMy oci obepraHHs Ta il
€BOJIIOIII0 HA ABOTIKHEBOMY iHTepBalli. Bukopucranus
JBOX KpHUBHMX OJHCKYy, OTpUMaHMX Yy MpOJIbOTax
HaJl PI3HUMH NYHKTAaMH CIIOCTEpeXeHHs 27 JoTo-
ro 2024 poxy J03BOJWJIO  BU3HAYUTH  [OTOYHHUI
HaIPsIMOK oci oOepTraHHA B IHEpUiHHIA cHCTeMi
koopauHat: RA = 10°, Decl. = -66°. A Ha OCHOBI IIe-
CTH KpUBHX Oyncky, mo orpumano 9, 10 i 11 Gepe-
31 2024 poky BH3HAa4YeHI HACTYNHI CcepenHi
koopauHaTtH: RA = 06°, Decl. = -39°. [Ipn npoMy BHY-
TPIIIHIO TOMMWJKY IMX DPE3YyJbTaTiB MH OLIHIOEMO SK
+(5-10)°. Ha ocHOBI mWX pe3ynbTaTiB 3poOICHO
MPUIYIMIEHHS TPO  BIiACYTHICTh IIBUIKHX KOJIMBaHb
oci obepranus KO 18340.

KuouoBi cjoBa: kocMmiuHuii 00’€kT; (QoTOMETpUUIHI
CIIOCTEPE)XEHHS; KpuUBa OJIMCKY; BUAMMHHA Tepioj;
(hoTOMeTpUUHUI MTaTepH; OpieHTAIlis OCi 00epTaHHSI.
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1. Introduction

Orbital spacecraft play a vital role for modern
civilization. However, as the number of objects in near-
Earth space grows, so too do the undesirable
consequences associated with possible and even inevitable
collisions. The growing number of space debris is of
exclusive concern. Space debris is artificial objects in
orbit that perform no useful function (inoperative
spacecraft, spent rockets, fragments of destroyed
spacecraft, etc.). To protect operational spacecraft and the
space environment as a whole, several measures have
been proposed to reduce the risk of collisions—primarily,
active debris removal (ADR).

Such operations require a priori knowledge of the
rotational parameters of the target bodies, that is, their
rotational speed and current orientation in space. This can
be ensured by appropriate observations designed to
determine these parameters. In general, both for the mass
removal of space debris from orbit and for accurately
predicting its orbital motion, it is important to understand
and consider the causes and mechanisms that cause
changes in the rotation of space objects.

Light curve recording is the most common method for
analyzing the rotation of space objects using optical means.
They can be used to determine the rotation states of space
debris, including the rotation period (Silha, 2018; Hall,
2014; Rachman, 2025) and the orientation of the rotation
axis (Santoni, 2018; Zhao, 2020; Vananti, 2023; Kudak,
2024). Of interest is the study of the evolutionary of both
the rotation period and the spatial orientation of the rotation
axis of a space debris objects. Many authors have noted the
cyclic nature of the rotation period variations in different
studied space debris objects (See, for example, Earl, 2017;
Rachman, 2025). The main goal of these studies was to
extract apparent periods and explain the observed rotation
accelerations and decelerations by modeling the torques
acting on the space debris. For example, tilted solar panels
with different orientations and different reflectivities for the
front and back sides experience torques caused by the
pressure of solar rays. For example, Ojakangas & Hill
(2011), Albuja (2015), Benson & Scheeres (2017), it was
shown that solar radiation pressure and the YORP effect
can lead to complex, tumbling rotations of asymmetric
satellites.

However, the causes of the acceleration and
deceleration of the rotation of various inactive spacecraft
and rocket bodies require further study. A better
understanding of the relationship between different
rotational speed states and the corresponding orientation
of the satellite's spin axis is also needed.

2. Variations in the rotation period of RSO 18340

In this paper, we present the results of photometric
observations and their analysis for a large space debris
object, namely the 3rd stage of the SL-14 rocket body
(R/B). This space debris object moves in a circular orbit at
an altitude of approximately 1450 km above Earth with an
inclination of 82.5°. The Astronomical Observatory of the

Odesa I. I. Mechnikov National University has been take
photometric monitoring of large space debris bodies in
low orbits for many years (Koshkin, 2021). The first
observations of RSO 18340 were obtained in September
2006. At the same time, the first estimates of the apparent
rotation period of this space debris were made, which was
approximately 135 seconds. However, observations
obtained in May 2007 revealed that the period of its light
curve decreased to approximately 68 seconds. This value
was almost exactly half the duration of the period in the
previous observation, and this gave some reason to
consider it a harmonic of the main rotation period. It
should be noted that the light curves of the RSO 18340
exhibits two significant oscillations with similar
amplitudes per rotation, between which secondary maxima
are sometimes observed, either as a separate increase in
brightness or as a hump on the descending or ascending
branch of the main oscillation. This fact provides a strong
argument in favor of an acceleration of the rotation of
RSO 18340 over the expired eight months. Observations
in July 2008 showed that the brightness oscillation period
of this RSO was approximately 58 seconds. Subsequent
observations yielded the following estimates of its rotation
period: on October 8, 2009 and September 10, 2010, it
was approximately 50 seconds, while on April 26, 2010, it
was approximately 72 seconds. Figure 1 shows the light
curves of RSO 18340 that we recorded on these dates.

Subsequent, unfortunately also not always regular,
photometric observations have shown that this object
continues to experience significant variations in its
rotation velocity around its center of mass. Figure 2 shows
our obtained rotation period values for the period 2006—
2022. We see mostly slow, possibly cyclical, variations in
the apparent rotation period of RSO 18340, ranging from
30 to 158 seconds. The cycle length was likely
approximately 2.5 years or more.

In 2020, an international campaign of photometric
observations of rocket bodies (R/B) was launched,
announced by the Inter-Agency Space Debris
Coordination Committee (IADC). Its goal was to evaluate
the potential of photometry to determine all possible
rotation parameters of rocket bodies, given the availability
of extensive data from various observatories. The
observation program included eight R/Bs with orbital
altitudes below 1000 km, i.e., located in the region of
highest spatial density of space bodies. This region of
altitude above Earth is primarily in need of active debris
removal from orbit. However, RSO 18340 was also
included in the observational program of this campaign, as
it has an interesting history of rotational speed variations
around its center of mass. The campaign lasted until mid-
2022. Approximately 80 light curves of RSO 18340 were
obtained, which were very unevenly distributed over time.
Figure 3 shows the distribution of these observations,
obtained at four observatories. As can be seen, there are
intervals when a group of observations were obtained on
close dates. However, overall, there are significant gaps
between the observations, which significantly reduces
their value for some types of analysis.
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Figure 1: Examples of light curves for RSO 18340. The x-axis represents time in hours (the x-axis scale is maintained).
The red line with arrows indicates the light curve period corresponding to the apparent rotation period of the RSO.
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Figure 2: Variation in the apparent rotation period of RSO 18340 between 2006 and 2022. Odesa, KT-50 (Koshkin,
2021).
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Figure 3: Time distribution of photometric observations of RSO 18340 obtained at four observatories during the IADC
campaign in 2020-2022. The horizontal axis represents the observation date, and the vertical axis represents the
arbitrary value (for clarity, to evenly distribute all points along the Y coordinate).
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Figure 4: Trend in the apparent rotation period of RSO 18340. The data were obtained as a result of an international

campaign organized by the IADC in 2020-2022.
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Figure 5: Variation in the apparent rotation period of RSO 18340. Data for the period 2020-2022 were obtained from the
IADC. Period values after July 6, 2022, were provided by ASI and AIUB (see Kumar, 2025)

Nevertheless, these observations were analyzed for the
possibility of estimating the apparent rotation period of
RSO 18340. As a result, a nearly linear trend of increasing
apparent rotation period of RSO 18340 from 55.6 seconds
to 144.4 seconds was detected over the time period from
September 2020 to early July 2022, with an average
period increase rate of approximately 0.13 seconds/day.
At this point, the campaign ended, and the operational
exchange of observation data stopped. It seemed that RSO
18340's rotation had entered a state of stable, gradual
deceleration, as is often observed in other space debris
objects. However, on February 1, 2024, in Odesa, we
obtained another light curve of this RSO, and
unexpectedly found that the observed rotation period was
15.8 seconds. This represents a ninefold increase in the
angular velocity (see Fig. 4).

At the same time, it was discovered that, after the end
of the campaign, colleagues from Switzerland (AlUB) and
Italy (ASI) also obtained sporadic observations of this
RSO. Based on their data (Kumar, 2025), it was
concluded that in the second week of July 2022, the
rotation velocity of RSO 18340 rapidly increased (the
period decreased to 98.6 sec) and possibly remained at
almost the same level until the end of November 2022.
After this, a period of slow rotational velocity increase
was observed until the end of February 2024, as shown in
Fig. 5. Let us pay attention to the fact that the acceleration
of rotation of RSO 18340 (see Fig. 2) observed from

08.11.2012 to 20.02.2013 (the visible period decreased
from 158 to 68 seconds) occurred in approximately 100
days, while the acceleration in 2022-2024 apparently
continued for 1.5 years.

As a result, the cooperative observing campaign for
photometry of RSO 18340 was restart from late February
2024. 1t involved primarily two observing stations of the
National Space Facilities Control and Test Center of
Ukraine in Novosilki and Mukachevo, as well as the
Astronomical Observatories of Odesa, Uzhgorod, and
Lviv Universities. Some observations were also provided
by the UK Space Agency (UKSA, Herstmonceux) and the
Italian Space Agency (ASI, Scudo), and the Swiss
company s2a systems subsequently joined the
observations. Ultimately, it was established that, since the
end of February 2024, the apparent rotation period of RSO
18340 has been increasing monotonically, initially slowly
at a rate of approximately 0.02 sec/day, then more rapidly
at a rate of approximately 0.05 sec/day (Fig. 6). However,
the rate of period increase never reached the level
observed in 2020-2022, remaining, on average, three
times slower.

We observed another nonlinear change in the apparent
rotation period of RSO 18340 beginning on June 22,
2025, when it decreased by 0.3 seconds over
approximately three weeks and then continued to increase
at a rate of approximately 0.072 seconds/day for several
months (see Fig. 7).
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Figure 7: Variation in the apparent rotation period of RSO 18340 between April 9, 2025 and November 10, 2025.

This unstable change in the rotation speed of RSO 18340
raises questions about its possible cause. In (Kumar, 2025),
the authors considered the possible cause to be the loss of
residual fuel due to a mechanical failure of one of the R/B
engine's nozzle valves during its spin-up period from July
2022 to February 2024. Such a cause cannot be ruled out,
but given the entire history of its rotation period variations,
its effect must be very complex and repetitive.

3. Orientation of the Rotation Axis of RSO 18340

A comprehensive study of the nature of its rotation around
the center of mass could be the solution to the problem of the
complex, possibly cyclical, variations in the rotation period
of RSO 18340. On the one hand, the slow deceleration of its
rotation observed in recent years occurs at varying rates. This
could support a change in the nature of its rotation and the
position of its rotation axis within the body. On the other
hand, the shape of its light curves generally appears to be
consistent across seasons over many years.

An attempt was made at the Sapienza University of Rome
(Kumar, 2025) to determine the rotation parameters of RSO
18340 by comparing the observed and synthetic light curves,
using a physical and digital model (physical simulation +
“digital twin”). By fitting model light curves to the observed
one, they obtained a complex motion, including rapid
nutation and precession of the rotation axis of R/B 18340.

We attempted to test an alternative hypothesis, which
assumes a planar rotation of the RSO around a single axis
within the body and a slow precession of the rotation axis in
space. We used our previously proposed method for
determining the spatial orientation of the rotation axis of an
arbitrary-shaped RSO (Koshkin, 2024a and Koshkin,
2024b). To do this, we examined 13 light curves of RSO
18340 obtained from several observatories between
February 27 and March 11, 2024 (10 light curves from the
National Space Center, 1 from Lviv University, and 2 from
Herstmonceux). Through expert comparison, we identified
17 fragments (patterns) in these light curves that are similar
to each other and distinct from the others. For the time of
each pattern observation, the position of the phase angle
bisector (PAB) vector was calculated. By grouping these
data, the average position of the rotation axis in the inertial
coordinate system was determined for each 1-2-day time
interval (Fig. 8). We see a significant drift of the rotation
axis in declination, while right ascension changed little. At
the same time, the results based on observations over a
single night show a scatter of approximately +3° relative to
the solution based on a two-day observation interval, i.e.,
the averaged solution. This allows us to estimate the
internal error of the individual pole solution as no more
than +(5-10)°. In the orbital coordinate system, the rotation
axis is offset from the ascending node by an average of
122-127 degrees in right ascension.
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Drift of Rotation Axis of RSO 18340
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Figure 8: The position of the rotation axis of RSO 18340 in
the inertial coordinate system for four dates, calculated by
selecting similar photometric patterns in light curves obtained
at different observatories over short time intervals (1-3 days).

In addition to searching for the optimal position of the
rotation axis in space, this method allows us to
simultaneously determine of the latitude of each
photometric pattern in the coordinate system associated
with rotation axis in the satellite body. This latitude is
determined by the current latitude of the PAB vector in
the inertial coordinate system. In this sense, we use the
term “latitude of the photometric pattern.” The determined
correspondence between the photometric pattern and
latitude should remain constant for all satellite passes as
long as the rotation axis maintains its position within the
body (although it shifts in space).

In Figure 9, fragments of the observed light curves
(patterns) are superimposed on the PAB latitude plots for
RSO 18340 at the exact times and latitudes calculated for
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the determined rotation axis position in space. We see the
close equality of the latitudes of the similar patterns across
different transits and for different observation sites,
confirming the correctness of the determined rotation axis
position in the corresponding time interval.

4., Discussion and future work

It appears that our estimates of the spatial position of
RSO 18340's rotation axis may indicate a slow shift over
an interval of approximately two weeks (February 27 —
March 11, 2024), i.e., the absence of rapid, significant
oscillations.  However, this  conclusion  remains
insufficiently substantiated. Although we (together with
colleagues) obtained numerous light curves for RSO
18340 in 2024 and 2025, we have not yet been able to
determine the rotation axis orientation and its evolution
over significant timescales. This is because the technical
challenge of creating a pipeline for comparing many light
curves and identifying unique patterns across the entire
dataset remains unresolved. The light curves of RSO
18340 often exhibit very similar patterns over several
rotations, making clustering them difficult.

The successful solution to the problem of determining
the rotation axis orientation of RSO 18340 using the pattern
method in the two-week interval discussed above in
February—March 2024 was facilitated by the fact that the
PAB trajectory during these RSO transits apparently
approached the direction of the current rotation axis. This
was manifested in a significant change in the amplitude of
brightness variations during the considered RSO transits—
from 0.5 to 3 magnitudes on average (see Fig. 10). This
resulted in an increased diversity of observed pattern types
and a significant distribution by latitude in the coordinate
system related with the current rotation axis.
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Figure 9: Graphs of the PAB latitude variation during different transits of RSO 18340 for different observing sites. The

used by us patterns at the corresponding times and at the latit
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shown. The top panel shows observations on February 27, 2024, obtained at Herstmonceux and Mukachevo. The

bottom panel shows observations obtained on March 9 in Lvi
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Figure 10: Dependence of the amplitude of the light curves of RSO 18340 on the latitude PAB for the adopted direction
of the rotation axis RA = 6°, Decl = -39°, common for six passages in the interval of March 09 — 11, 2024 (left);
Dependence of the same amplitude values of the light curves of RSO 18340 on the phase angle (right).
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Figure 11: Computer model of RSO 18340 in two variants of its shape (left) and fragments of the corresponding

synthetic light curves (right).

Figure 10 (left) shows the local amplitude of brightness
variations in six different transits of RSO 18340 during the
interval March 9-11, 2024. The X-axis plots the PAB
latitude at the corresponding mean times. We see a good
correlation between the amplitude and latitude of the PAB
for the mean direction of the rotation axis (RA = 6°, Decl. =
-39°). This confirms the expected dependence of the
amplitude on the PAB latitude for an elongated body. This
also indirectly confirms the agreement between the position
obtained in our analysis and the actual position of the
rotation axis of RSO 18340 during this time interval. The
noticeable spread in the amplitude values can be partially
explained by the influence of other observing conditions
during different RSO transits — the phase angle and the
orientation of the light scattering plane (relative to the
rotation plane). The right panel of Figure 10 shows the
dependence of the same amplitude values on the phase
angle. This dependence, while expected, is generally almost
an order of magnitude less significant than the amplitude
dependence on PAB latitude (slopes of 0.0066 and 0.05
magnitudes per degree of phase angle and per degree of
PAB latitude, respectively). Moreover, this graph
significantly reveals a different amplitude dependence,
distinct from the phase dependence, for each individual
transit (highlighted by color and thin dashed lines).

Considering that for man-made space objects, even in
the absence of specular flares, the amplitude of brightness
variations is quite large (in this case, reaching 3m), and the
phase dependence of the amplitude is significantly less

significant than its dependence on the PAB latitude, this can
in some cases serve as a rough method for finding the
current position of the rotation axis in space. This requires
several light curves obtained over a short time interval (e.g.,
over the course of a day and preferably from different
observation sites), demonstrating significant amplitude
variations. In this case, an attempt can be made to find the
minimum scatter of observed local amplitude values for all
light curves in each latitude interval of the PAB (in the
coordinate system associated with the trial axis) by
enumerating trial rotation axis directions. The spatial
direction of the trial rotation axis in this case will likely be
close to the actual direction.

To test the solution to the inverse problem of
determining the satellite's rotation axis orientation based on
photometric data, we also plan to use its digital optical-
geometric model. The modeling was done in 3ds Max
software. Figure 11 on the left shows a computer digital
model of RSO 18340 in two variants of its shape (based on
data from different sources), and the panel on the right
shows the corresponding synthetic light curves. The model
rotates around an axis almost perpendicular to its
longitudinal axis, and in space, the rotation axis has
coordinates: RA = 10°, Decl. = -66°. The calculation of the
synthetic light curve was made for the passage of RSO
18340 over the observation point Mukachevo on
02/27/2024 at 17h15m UTC.

Comparison of the synthetic light curves of the RSO
18340 model with numerous observed curves should
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provide additional support for a conclusion regarding the
rotation pattern of this SL-14 rocket's third stage and the
possible cause of its repeated spin accelerations.
Furthermore, we propose an international observational
campaign to photometry other similar space objects, as a
cluster (approximately 20 RSOs) of identical SL-14 rocket
stages orbits in very similar orbits.

5. Conclusion

In this paper, we consider the results of long-term
photometric monitoring of a large space debris object—
the 3rd stage of the SL-14 rocket (RSO 18340). It is
shown how the rotation velocity around the center of mass
of this object repeatedly changed during 2006-2025. To
better understand the reason for this behavior of RSO
18340, the structure of its light curves is considered, and
the identified similar photometric patterns are used to
determine the direction of the rotation axis of this object
in inertial frame. As a result of this analysis of the light
curves of RSO 18340, estimates are made of the average
direction of the rotation axis during two short (1-3 days)
time intervals in late February — early March 2024. Based
on two light curves obtained during the flybys of RSO
18340 over Mukachevo and Herstmonceux on February
27, 2024, the following coordinates of the rotation axis in
the inertial coordinate system were found: RA = 10°,
Decl. = -66°. Based on six light curves obtained on March
9, 10, and 11, 2024, at different observation locations, the
average coordinates of the rotation axis were found to be
RA = 06°, Decl. = -39°. We estimate the internal error of
these results to be +(5-10)°.
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