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ABSTRACT. In this paper we test a new method for
determining the rotation axis direction in space for various
resident space objects (RSOs). This method (Koshkin et al.,
2024) is based on the structural analysis of the light curves
of such RSOs and the search for similar fragments, called
"photometric patterns”, in observations obtained from one
or several observatories simultaneously or over a short
period of time. The method does not require prior
knowledge of the RSO shape and does not impose strict
requirements on the quality of observations, and this is its
main advantage. First of all, this method is certainly
applicable to rapidly rotating objects of complex shape with
smooth surfaces. As a result, such RSOs are capable to
reflect sunlight in a specular manner, when short-term
brightness flares are present in the light curves forming a
unique pattern. Identical patterns are observed when the
angle between the phase angle bisector (PAB) and the
rotation axis reaches the same values. However, the light
curves of many RSOs have a significant diffuse component
in addition to the specular flares. This diffuse component
depends on both the phase angle value and the orientation
of the phase angle plane relative to the RSO’s plane of
rotation. This paper is devoted to checking the assumption
that the structure and shape of diffuse-specular patterns will
remain similar to themselves within certain limits of
variation of the value of these two angles at moments of
equality of the PABs’ latitude. The analysis is based on
simulation using synthetic light curves of the RSO model,
observed from several points on the Earth's surface.

Keywords: space object, model, light curve, photometric
pattern, rotation axis.

AHOTAIIIS. 3HaHHS KiHEMaTHYHUX BIIACTHBOCTEH,
TaKkdX SK KyTOBa IIBHIKICTE OOEpTaHHS Ta NPOCTOPOBE
MOJIOKEHHS OCi OOepTaHHs, BEIMKHX BiJMpalbOBaHUX
CYNYTHMKIB 1 KOpHYCiB pakeT, HeoOXigHa I
MIPOTHO3yBaHH IXHBOT Opi€HTAaNii B KO)KHUI MOMEHT 4acy.
L1z indopmanis Mae BUpilaibHE 3HAYSHHS SIK, HATTPUKIIA],
JUIA YCIIXy MiCiii aKTHBHOTO BHIAJICHHS 3 OpOITH IHX
00'eKTiB, TaK 1 JJIsl MiABUILEHHS TOYHOCTI MIPOTHO3yBaHHS
iX opOiTadbHOTO pyXy Ha HHU3BKHX HAaBKOJO3EMHHUX
opbitax. BwusHaueHHs cTaHy oOepTaHHS INTYYHHUX
kocmiuHuX 00'ektiB  (KO) 3milicHIOETBCA — Pi3HUMHA

3ac00amMu, MPOTE iICTOPUYHO I1e POOMIIOCS 3a TOTIOMOTOI0
ONTHMYHUX HAa3eMHHUX JaT4uKiB ((POTOMETpIB) LUIIXOM
OTpUMaHHS KPUBHX OJIUCKY, X 00poOKHU Ta aHamizy. Y win
poOOTI MM TEcTyeMO HOBHH METON Ui BU3HAYCHHS
HampsiIMKy OCi 00epTaHHS Yy MPOCTOPI PE3UISHTHHX
KocMmiyHMX 00'ekTiB. lleli MeTon 3acHOBaHUN Ha
CTPYKTYpPHOMY aHadi3i KpHBHX OJNHCKY TaKHX O0'€KTiB Ta
momyky — cxoxux  (parmenrtiB  ("doTomMeTpraHHX
maTepHiB"), Y CIIOCTEPEIKCHHSX, SKI OTPHMaHi 3 oHiel a60
KiTbKOX  oOcepBaTopiii omHOYacHO ab0 TPOTATOM
KOpOTKOro rmepiogy uvacy. OcHOBHa IiepeBara IaHOTO
METOAy INOJISArae B TOMY, LIO HOrO BUKOPHUCTAHHS HE
BuMarae 3HaHHs popmu KO i He BUCYBa€ KOPCTKUX BUMOT
J0 SKOCTI cmocTepekeHb. Ilepmr 3a Bce, el MeETO.X
0E3yMOBHO 3aCTOCOBYETHCS N0 CKIaJHHX 3a (OPMOIO
00'eKTiB, 10 MIBUAKO 00EPTAIOTHCS, MAIOTh Y CKJIA/II TIaJIKi
MOBEPXHI 1, BHACIIOK I[bOT0, 3[1aTHI BiJOMBATH COHSIYHE
CBITJIO J3€pPKAaJIbHO, B PE3yJbTaTi 4Or0 B KPHUBHX OJHCKY
NPUCYTHI KOPOTKOYACHI cHajaxu OJNUCKY YTBOPIOIOTH
yHiKanbHUI natepH. OIHAKOBI MaTepPHH CIIOCTEPIraroThCs
TOIli, KO KyT MiX OiCeKTpHCOI0 (a30BOTO KyTa i BicCIO
obepTaHHs [OCsra€ THX caMHMX 3HadeHb. OMHAK, KpiM
J3EpKaIbHOI CKIaJ0BOi, KpHBi Osucky Oarathox KO
MaloTh 3HaUHY AUQY3HY CKIAJIOBY, SIKa 3aJEKHUTh SIK Bij
BEJIMUMHM (a30BOTr0O KyTa, TaK 1 BijJ Opi€HTALIl MJIOIUHA
(azoBoro Kyra o0 1iomuHu obdepranus. Jana pobora
HpHUCBSYEHA MEPEeBIPIL TOro MPUIYIIESHHS, IO CTPYKTYypa i
¢dopma udy3HO-I3epKaTbHIX MAaTEPHIB 3aJIHIIATHMETHCS
MOIOHOIO B JIESKUX MEXax Bapiallil BETUYWHHU IHUX TBOX
KyTIB Y MOMEHTH KOJH IIHPOTH OiCeKTpUC OyBalOTh
OJIHAaKOBMMH. AHaji3 3p00JeHO Ha OCHOBI CHHTETHYHHX
KpuBuX Oymcky wmoxeni KO, crnocrepexeHHs —sKOi
IMITYIOTBCS 3 IEKIJIBKOX IYHKTIB Ha MOBEPXHI 3eMJIi.

KuiiouoBi cjioBa: KocMiuyHME 00’€KT, MOJENb, KpHBa
6mrcKy, (POTOMETPUYHUIT ITATEpH, Bich 00EpPTaHHSI.

1. Introduction

Knowledge of kinematic properties, such as angular
velocity of rotation and spatial position of the rotation axis,
for large defunct satellites and upper stages of launch
vehicles is necessary to predict their orientation at any given
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time. This information is of crucial importance, for example,
for the success of active debris removing (ADR) missions for
these objects, as well as for improving the accuracy of
predicting the orbital motion of space objects at LEO. The
rotation state of artificial space objects (SOs) is determined
by various means, but historically it has been done using
optical ground-based sensors (photometers) by obtaining
light curves, processing and analyzing them. The period of
proper rotation of a SO around its center of mass can be fairly
easily estimated by measuring the period of brightness
variations. However, determining the SO’s rotation axis
direction in space is much more difficult if the shape of this
SO is often insufficiently known. Most studies on this topic
offer specific methods for determining the SO’s rotation axis
orientation, that are suitable only for a certain type of objects.

The attempt to solve the general problem of the so-called
"inversion" of the light curve, as well as attempts to
separate the contribution of the SO shape and the
orientation of its rotation axis to the external view of light
curves, have not been successful even for fairly simple non-
convex bodies. Nevertheless, one of the real ways to
perform the inversion of light curves (or determination the
SO’s shape and rotation axis orientation) is, first of all, the
ability to estimate the current direction of the rotation axis
in space. Therefore, the development of new approaches to
determining the rotation axis orientation, in particular,
based on photometry, remains actual.

In this paper, we use and test a new method for
estimating the SO rotation axis direction in space. This
method is based on the structural analysis of SO light
curves and the search for similar fragments, which we call
"photometric patterns”, in observations obtained from one
or several observatories (or observation points, OPs)
simultaneously or over a short period of time (Koshkin et
al., 2024). The main advantage of this method is that its use
does not require knowledge of the SO shape. In addition,
this method does not require a very high frequency of
brightness measurements and high accuracy of the timing
of photometric observations, i.e., in fact, it does not put
forward strict requirements for the quality of observations.
Nevertheless, it also has its constraints. First of all, this
method is certainly applicable to objects with complex
shapes that have smooth surfaces and, as a result, are
capable of reflecting sunlight in a specular manner. In the
structure of the light curves of such SOs, one can expect the
presence of short-term brightness flares. If several such
“specular” flares were observed in the light curve during
one rotation of the SO, they can form a unique photometric
pattern (in the sense of unique intervals between the
specular flares). A similar pattern can also be observed in
another light curve, for example, obtained at another
observatory or during another passage of the given SO. In
this case, it can be stated that the same patterns are observed
when the angle between the PAB and the rotation axis
reaches equal values in both cases (Fig. 1). However, in
addition to the specular component, the light curves often
have a significant diffuse component depends both on the
phase angle value and on the orientation of the phase angle
plane (light scattering plane) relative to the rotation plane
(6 angle in Fig. 1). We assume that within certain limits of
variation of these two geometric factors, the structure and
shape of diffuse-specular patterns will remain similar to

Figure 1: Satellite-centric position of the main vectors that
determine the conditions of its illumination and visibility.
Arc “Sun-Obs;” determines the current phase angle. Arc
“Q-PAB;” is equal (n/2 — Bi), where Bi — PAB latitude
relative to the pole of the rotation axis Q. Angle 6;
determines the current position of the light scattering plane
relative to the SO’s rotation plane.

themselves, provided that the latitudes Bi of these PABs are
equal at the moments of observation of these patterns. This
paper is devoted to check this assumption based on input data
in the form of simulated synthetic light curves of the SO
model observed from several sites on the Earth's surface.

2. Simulation technique

In the method of photometric patterns (Koshkin et al.,
2024), to find the RSO rotation axis orientation, it is
necessary to obtain photometric observations from one or
several OPs in a quantity sufficient to identify several types
of patterns on the light curves (each pattern needs to be
detected at least twice) over a sufficiently short time
interval (the desired RSO rotation axis orientation can be
considered fixed during this interval).

In order to be sure to detect the same photometric pattern
on different light curves of a given SO, it is necessary that
the mutual configurations of the three vectors mentioned
above (the rotation axis and the satellite-centric directions
to the Sun and to the observer) were identical. On the other
hand, to determine the rotation axis direction, we need the
directions of the PAB vectors in the inertial space for the
same photometric pattern have to be maximally different.
This contradiction can be overcome if the photometric
pattern can be reproduced with different configurations of
the said vectors. It is always true for “specular” patterns
and, as we will show below, it is also possible for “diffuse-
specular” patterns.

In practice, we currently do not have a sufficient number
of observations of any RSO obtained in the required
geometry, and it limits the possibility of making reliable
estimates of the direction of the RSO rotation axis in the
inertial coordinate system. However, it is possible to use
synthetic light curves of the RSO model obtained using
animation and visualization programs for three-dimensional
scenes such as Blender (Kudak et al., 2024), 3D-Max (https://
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Figure 2: A fragment of the light curve of the spacecraft 91082A (DMSP 5D-2 F11), obtained on February 1, 2024 in
Odessa on the KT-50 telescope in tracking mode. The rotation period of the spacecraft is 9.2 seconds (it is marked with

vertical lines on the light curve).

Figure 3: The spacecraft DMSP 5D3 and model used to calculate the synthetic light curves

Table 1: Optical characteristics of the spacecraft model’s individual parts specified in 3D-Max

Nomenclature Color (RGB) | Diffuse Color | Specular Level | Glossiness
Main body of model 80, 80,0 80, 80,0 15 90
Small boxes, Small | 454 150 150 | 150, 150, 150 990 100
panels, Rods
Cylinder, cone, 50, 50, 50 50, 50, 50 100 100
screen, disk
Solar Panel 0,0,170 0,0,170 10 60

help.autodesk.com/view/3ADSMAX/2023/ENU/), etc. We
have accumulated experience using the 3D-Max package
(Koshkin et al., 2018; 2019), which allows us to generate a
fairly adequate geometric shape of the RSO model using the
Max-script language, to set the required coefficients of
diffuse and specular reflection of light for each elementary
surface, as well as its color.

It is also important that in any simulator it is possible to
set the correct ratio of the distances between the light
source, the model and the radiation receiver in relation to
the model dimensions. Since the observer always sees the
RSO as a point source of light illuminated by the Sun's rays,
all rays reflected towards the observer in a narrow solid
angle (almost parallel to each other), for example, from all
areas of a large flat surface of solar panels, should
simultaneously hit the receiver. Otherwise, if the distance
to the model is comparable to its dimensions, such a panel
will be "visible" to the receiver in parts, i.e. "scanning" will
be observed and a light flare, for example, from two strictly
parallel solar panels located on both sides of the satellite
body will look like a double one, which is not observed for
real RSOs in orbit.

We used the 3D-Max package and a model whose shape
is approximately similar to a DMSP-type spacecraft
(https://space.skyrocket.de/doc_sdat/dmsp-5d2.htm)  for
our task. There are many observations of objects of this
series in our photometric database (Koshkin et al., 2017;
2021), and it can be noted that many of them often
demonstrate periodicity of light changes, have a complex
structure of light curves and the presence of a significant
number of specular flares. As an example, Fig. 2 shows a
fragment of the light curve of the spacecraft with COSPAR
ID 91082A (DMSP 5D-2 F11). Fig. 3 shows an images of
the spacecraft and model used to obtain synthetic light
curves. Table 1 contains the optical parameters that we used
to specify the optical properties of light reflection for
different surfaces of this model.

It was assumed the model rotates stably around a fixed
axis, rigidly connected to the body, which is perpendicular
to the base and longitudinal axis of the satellite. In this case,
we have a flat rotation of the model around one axis, which
also maintains its orientation in inertial space over
relatively short time intervals.
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3. Results of light curves simulation for different
observation points

Simulations of the synthetic light curves of the model
were made for several OPs located in different places in the
northern and southern hemispheres (see Table 2).

To calculate the visibility conditions of the model from
different locations, a real near-Earth orbit similar to the orbit
of the 22154B spacecraft (i = 98.75, e = 0014, n = 14.17) and
typical conditions of object observability were used. To
model the light curves, the date of 02.12.2024 was selected,
when visibility was realized from all seven selected OPs. We
considered only those passages of SO when the trajectories

of the PAB vectors fall into a common region (see Fig. 4a))
and, accordingly, the PAB latitudes can have a common
range of change. For this purpose, in subsequent calculations
of the light curves, the pole of the model rotation axis, was
taken in the direction determined by the equatorial coordina-

tes (0 Q=260°, 5 Q =+23°). The graphs of the change in the
PAB latitude over time in the coordinate system associated
with this rotation axis for all selected passages are shown in
Fig. 4b). We can see that the ranges of latitude change PAB
overlap well in groups separately for northern and southern
observation points. For the selected pole of rotation, these
groups also partially overlap each other in the latitude range
of about +24° + +38°.

Let us now consider the obtained synthetic light curves
of this model for the given observation conditions. The
rotation period of the model was 18 sec and up to 30
complete rotations were observed in different passes.
Therefore, it is possible to present all the light curves in
their entirety only on a very compressed scale. We will
present here only 5-6 fragments of each light curve, which
most fully reflect the change in their shape over time.
Figures 5a) and 5b) show sequential fragments of the light
curves for three northern and four southern OPs.

Table 2: Observation points locations used for simulation of the synthetic light curves

. Abbreviated Geographical Geographical
Site Name - :
Name latitude, deg longitude, deg
Odesa Ods 46.5 30.7
Novosilki Nov 50.6 30.6
Lviv Lvi 49.9 24.0
New Zealand NZel —44.0 170.5
Northern Australia NAus -17.6 123.8
South Africa SAfr -32.4 20.7
Argentina Arg -45.6 —69.1
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Figure 4: a) — Trajectories of PAB vectors in seven passes of the SO model over different OPs, for which synthetic light curves
were calculated. The cross indicates the selected pole of the model's rotation axis, for which two latitude circles are shown.
b) — Graphs of the change in latitude of PAB over time for these passages with the selected position of the pole of the rotation

axis (graphs are arbitrarily shifted along the time axis).
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Figure 5a): Fragments of simulated light curves for northern OPs
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Figure 5b): Fragments of simulated light curves for southern OPs



78 Odesa Astronomical Publications, vol. 37 (2024)

Table 3: List of photometric patterns identified in different synthetic light curves and coordinates of the corresponding
PAB vectors

vo | oo [ Qo Tumn | By o[ B T P | | Coniue | o
1 |02122024 | NAus |12.224 | 202.23 | -21.67 5 |89 |446 | 21450 18.00
2 | 02122024 | NAus | 12249 | 20593 |-5.75 2 |g97 |564 |202.00 29.80
3 | 02122024 | NAus | 12270 | 212.92 | 7.96 6 931 |649 |190.30 | 43.00
4 | 02122024 | NAus | 12316 | 23891 | 26.95 3 1000 | 70.4 | 163.90 70.50
5 |03.12.2024 | Arg 2400 |209.71 |-11.47 2 |783 |56.2 |209.00 30.50
6 |03.12.2024 | Arg 2431 | 21538 | 3.89 6 | 841 |67.7 |19750 | 4250
7 | 03.12.2024 | Arg 2472 | 23750 | 25.44 3 |g77 |735 |168.00 69.50
8 |03.122024 | Arg 2540 | 282.09 | 23.09 4 | 1107 | 564 | 463 69.69
9 |0212.2024 | Nzel |10.619 |208.66 | -10.03 2 |g14 |563 |207.00 30.00
10 | 02.12.2024 | NZel | 10.650 | 213.39 | 4.52 6 |g8g1 |655 |19450 | 41.60
11 | 02122024 | Nzel | 10.691 | 236.38 | 28.01 3 103.2 | 66.8 | 161.00 68.50
12 | 02.12.2024 | NzZel | 10.759 | 282.28 | 25.49 4 | 1146 | 509 |12.00 69.80
13 | 02122024 | SAfr | 19.267 | 210.71 | -31.75 5 |710 |367 |227.40 17.70
14 | 02.12.2024 | SAfr | 19.313 | 213.98 | -15.42 2 |679 |563 |216.50 30.50
15 | 02122024 |SAfr | 19.334 | 21841 | 475 6 |690 |692 |209.00 | 40.90
16 | 02.12.2024 | SAfr | 19.375 | 239.47 | 17.76 3 |g8L9 |948 |19150 70.08
17 | 02.12.2024 | Ods 15.378 | 214.83 | -58.91 1 |gga |77 |248.00 0.04
18 | 02.12.2024 | Ods 15.411 | 208.44 | -29.93 5 | 744 |385 |224.60 17.50
19 | 02.12.2024 | Ods 15.437 | 21256 | -15.15 2 | 704 |554 |214.80 30.00
20 | 02.12.2024 | Ods 15.468 | 217.31 | -5.30 6 | 700 |675 |208.60 39.80
21 | 02.12.2024 | Nov 15.377 | 197.52 | —44.06 1 |951 [250 |230.20 2.00
22 | 02.12.2024 | Nov 15.405 | 203.56 | —21.75 5 |g41 |450 |214.95 19.15
23 | 02.12.2024 | Nov 15.425 | 208.32 | -12.52 2 | 799 |545 |209.60 28.20
24 | 02.12.2024 | Nov 15.449 | 213.14 | -5.26 6 |772 |629 |20580 36.00
25 | 02.12.2024 | Lviv | 15291 | 296.12 | -61.76 1 102.0 | 28.0 | 286.20 0.50
26 | 02.12.2024 | Lviv | 15311 | 281.93 | -66.52 1 |o9g2 |216 |27856 | -1.04
27 | 02.12.2024 | Lviv | 15346 | 232.18 | —63.68 1 |83 |22 |25806 0.62
28 | 02.12.2024 |Lviv | 15383 | 21241 | -33.33 5 |63 |348 |22964 17.70
29 | 02122024 |Lviv | 15409 |214.44 | -18.81 2 |e51 |530 |219.43 28.95
30 | 02122024 |Lviv | 15433 |217.23 | -10.29 6 |654 |640 |213.76 36.51

4. Similar patterns selection

Structural analysis of the obtained light curves for seven
OPs allows us to notice their sections similar to each other.
The sections of the light curves in Fig. 5a) and 5b) bounded
by dotted rectangles can be assigned to several different
groups of patterns. The numbers of the group that include a
given section are indicated in the corresponding rectangles.
First of all, it is worth to select the sections containing
series of short specular brightness flares, paying attention
to the intervals between them. These relative intervals
should be invariant with respect to changing observation
conditions, including differences in the phase angle and
orientation of the scattering plane (see Fig. 1 and Table 3).
However, the amplitude of these flares can differ

significantly due to possible differences in the degree of
obscuration for the reflecting elements of the structure by
other parts of the SO. Thus, we identified six different
photometric patterns. At the same time, two of them (types
1 and 2) can be considered more reliable since they contain
at least 3 specular flares. The third and fourth patterns
contain two flares each, following after half a period, but
considering the shape of the adjacent section of the light
curves caused by diffuse scattering of light, these patterns
can also be confidently considered similar to each other.
Finally, the 5th and 6th patterns should be classified as
mixed diffuse-specular, since they include only one mirror
flare in their structure, and are therefore less reliable.
Nevertheless, their shape and structure allow them to be
unambiguously combined into two different groups.



Odesa Astronomical Publications, vol. 37 (2024)

Table 3 contains a list of patterns that we used to solve the
problem of determining the orientation of the rotation pole
using the method described above. For the average moment
of each pattern given in the table, the equatorial coordinates
of the PAB vectors corresponding to this moment are
indicated. The values of the phase angle and the angle 0 are
also given there, as well as the spherical coordinates of the
PAB in the coordinate system fixed with the rotation axis.

The equatorial coordinates of the PAB vectors
corresponding to the moments of registration of a particular
pattern are shown in Fig. 6a). We see that the points — traces
of the PAB vectors form groups which ideally should have
the form of arcs of small circles whose common center is
the pole of the model’s rotation axis (the pole specified in
the calculations is indicated by a cross). Fig. 6b) shows the
values of the spherical coordinates of the same PAB vectors
in a coordinate system in which the z-axis coincides with
the a priori specified axis of rotation. Here, the points
corresponding to different patterns are located at different
latitudes corresponding to the location of light-reflecting
flat smooth faces and other surfaces forming this pattern on
the surface of the spacecraft model. The numbers in the
ovals in Fig. 6 indicate the identifiers of the patterns
according to Table 3. The indicated points are located at the
corresponding latitude with some scatter. The greatest
spread is in the PAB latitude values related to the sixth, that is,
mixed diffuse-specular type of pattern. As was said above,
this scatter is caused by the non-synchronism of the change
in the latitude of the PAB and the rotation of the SO during
observations. It is the value of this scatter that determines
error in estimating the coordinates of the rotation axis pole.

5. Results of calculating the direction of the rotation axis

Based only on the average moments of registration of the
selected patterns and the corresponding equatorial
coordinates of the PAB vectors in different passes of the
simulated satellite (Table 3), we obtained a solution for the
unknown coordinates of the rotation pole using the method
described in (Koshkin et al., 2024). In this case, by
changing the set of input data, it was possible to evaluate
how this affects the resulting solution.

Using all 30 patterns from Table 3, the following
solution for the pole was obtained: RA_pole = 262.04° and
Decl pole = 19.24°. For other combinations of input data,
the solutions for the pole, residuals, and total deviation
from true pole are given in Table 4.

As we expected, the best result (in terms of residuals
with the true values of the rotation axis pole coordinates)
was obtained using all four specular photometric patterns
containing at least two specular brightness flares — the
deviation from the given true pole is about 2.6 degrees.
Also, a quite acceptable solution was obtained for all 30
selected patterns, the deviation was about 4.3 degrees. Using
only the first type of pattern (five equatorial directions of
the PAB vectors, most widely distributed in space) led to a
solution that was accurate in the RA coordinate, but had an
error of about 9 degrees in declination. The least accurate
solution was obtained when only diffuse-specular patterns
with one specular flare were used, the deviation was about
19 degrees. Apparently, this is due to increased errors in
determining the average moments of these patterns and the
corresponding PAB vectors due to the influence of
differences in the observation geometry at different OPs.

Table 4: Coordinates of the model rotation pole obtained depending on the set of photometric patterns used
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Patterns used RA pole, | Decl_pole, (O-C)_RA, (O-C)_Decl, Deviation,
deg deg deg deg deg
All patterns 262.0 19.2 2.0 -3.8 4.3
1-st patterns only 260.2 13.9 0.2 -9.1 9.1
1-4 patterns 262.4 241 24 11 2.6
5-6 patterns 249.0 7.2 -11.0 -15.8 19.2
Selected PABs position Latitude of selected PABs
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Figure 6: a) — Equatorial coordinates of the PAB vectors corresponding to the moments of pattern registration. The cross
indicates the a priori given pole of the model's rotation axis. b) — Latitude and longitude of PAB vectors at the moments
of observation of selected patterns. The numbers indicate the identifiers of the corresponding patterns.



80

Odesa Astronomical Publications, vol. 37 (2024)

Consider the diagram shown in Fig. 7, which relates two
geometric parameters that influence the shape of the diffuse
component of the light curves — the phase angle and the 0
angle. Groups of similar patterns identified in different
passages are also marked there.

We see that for the 5th diffuse-specular pattern in
different passages the range of values of the angle 6 was 10
degrees, and the range of values of the phase angle was 18.6
degrees. Despite this, the scatter of individual positions of
the corresponding PAB vectors in Fig. 6a) and 6b) did not
exceed 0.5 degrees, which means that the patterns were
correctly identified on five different light curves. At the
same time, for the patterns of the 6th type, the spread of
positions of the PAB vectors in Fig. 6 is quite large, which
is apparently due to the wide range of realized values of the
phase angle: they are almost 28° (the values of the angle 0
are limited to a range of only 6.3°). For the specular types
of patterns, the values of the phase angle and the angle 6 do
not affect the presence of the flare on the light curves and,
accordingly, the shape of the pattern. It is illustrated by a
fairly wide range of realized values of these parameters, for
example, for the 1st and 3rd patterns.

It is worth paying attention to the preserved sequence of
the corresponding pattern appearance on the light curves in
different passages. It is of course determined by the shape
of the model body and the same direction of change in the
PAB latitude in the overlapping ranges.

6. Conclusions

The new method proposed in (Koshkin et al., 2024) for
estimating the direction in space of the rotation axis of a
complex-shaped SO rotating fairly quickly relative to the
duration of passage over observation point requires
verification on sets of photometric data of different types. In
this paper, synthetic light curves of the SO model are used as
input data for estimating the coordinates of the pole of the
rotation axis. The light curves of the used model have a
complex structure and contain, in addition to the diffuse
component, also a significant number of short-term “specular”
brightness flares. Over a time interval of about 14 hours, a set
of seven simulated light curves was obtained for seven OPs
located both in the northern hemisphere (within Ukraine) and
in the southern hemisphere (widely distributed in longitude).

For all calculations of these synthetic light curves, it was
assumed that the model rotates about one axis, fixed both in
the body and unchanging in space. 30 short sections (less than
the duration of one SO revolution) are identified on the light
curves, and based on their similarity they are classified into six
groups. For the average moments of their appearance on the
light curves, the coordinates of the PAB were calculated and
they were used to determine the direction (pole) of the model
rotation axis. Comparison of the estimates of the rotation axis
pole position obtained using different sets of photometric
patterns with a given pole value used to calculate the light
curves shows different values of the residuals for different sets
of input data. The best result was obtained for photometric
patterns containing at least two specular flares (types 1-4, 18
patterns in total) with a deviation from the true pole
position of 2.6 degrees. The largest deviation from the true
pole (about 19 degrees) was obtained for diffuse-specular
patterns of types 5 and 6 (4 and 8 patterns, respectively).

Geometry of irradiation-observation
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Figure 7: Geometrical conditions of illumination and visibility
of the spacecraft model, realized in the described simulation
experiment, in the form of trajectories in the parameter space
“phase angle — angle 0” for the moments of appearance of
patterns identified in different passes. Different types of
patterns are depicted by different symbols, and their type
(according to Table 3) is indicated by humbers in an oval.

Thus, this numerical experiment shows that diffuse-
specular patterns similar in structure are successfully
detected, which allows them to be used to determine the
pole of rapidly rotating RSOs.

It should be emphasized once again that the change in
the pattern of the light curves is determined by the ratio of
the SO rotation speed and the rate of change of the PAB
latitude in a given passage. The latter parameter is exactly
the variable that determines which elements of the structure
at a given moment reflect light specularly in the direction
of the observer. However, the rotation of the object around
its axis is an independent process and at the moments when
the same values of the PAB latitude are reached, the same
phases of the object rotation are not necessarily observed.
This is the main fundamental reason for the errors in
choosing the optimal moments of time and the
corresponding PAB vectors, and, ultimately, in determi-
ning the orientation of the SO rotation axis by this method.
Nevertheless, the considered method of photometric
patterns can find wide application for various objects in
orbit if there is a sufficient number of light curves for such
an analysis, obtained in the tracking mode by a distributed
network of observatories over a short period of time.
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