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ABSTRACT. The non-functioning spacecraft COSMOS
1408 (NSSDCA/COSPAR ID: 1982-092A) was destroyed
as a result of tests involving Russian anti-satellite weapons
on 15 November 2021. This led to the creation of a signifi-
cant debris cloud that poses a threat to other objects in low
Earth orbit (LEO), particularly those in close orbits. More
than 1500 of these fragments reached trackable sizes. Such
events require rapid and immediate monitoring through all
available ground tracking means, including radar and opti-
cal observation. The following study presents the results of
optical observations of the selected fragments of COSMOS
1408 in Ukraine. These observations were carried out by
the telescope OES30 from the National Space Facilities
Control and Test Center of the State Space Agency of
Ukraine and the Fast Robotic Telescope (FRT) of the Re-
search Institute "Mykolaiv Astronomical Observatory"” in
February 2022. The observations demonstrated that
Ukrainian optical sensors are capable of tracking LEO
space debris objects with radar cross-sections (RCS) less
than 0.1 square meters when relatively accurate ephemeris
data is available. The astrometric reduction has been per-
formed for the acquired frames with fragments of the satel-
lite, which revealed that orbital parameters of a significant
part of the targeting objects were close to the orbital param-
eters of the original satellite before the event. Furthermore,
the results of processing the available observations indi-
cated that the range of apogee heights significantly exceeds
the range of perigee heights. These findings align with con-
clusions drawn by previous researchers. In the future, it will
be essential to assess the capabilities of sensors for observ-
ing the aftermath of object destruction in LEO, especially
during the initial hours and days following such events
when precise debris orbit data may be lacking.
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AHOTAILIA. Henitounii kocmiunuii amapar COSMOS
1408 (NSSDCA/COSPAR ID: 1982-092A) 6yB 3HuIIICHMI
B pe3yibTaTi BUIPOOyBaHb POCIHCHKOI MPOTHCYITYTHHKO-
BOi 30poi 15 mucromana 2021 poky. Lle mpusBeno 10 cTBO-
PEHHS BeTMYE3HO XMapH YJIaMKiB, Ki CTAHOBIISTh 3aTPO3y
JUTSL IHITMX HU3BKOOPOITATbHUX 00’ €KTIB, IO 3HAXOATHCS
Ha Onm3pkux opOirax. bimpme 1500 3 nmx ¢parmenris

MaJIi pO3MIpH, SIKi MOXHA BiicTe:KyBaTu. Taki moii BUMa-
TaloTh MIBUAKOTO Ta HErAHHOTO MOHITOPUHTY 3a JAOIIOMO-
TOI0 BCIX MIOCTYNMHHX 3ac00iB HAa3eMHOTO BiJCTEKCHH,
BKITIOYAIOYH PATiONOKAIliifHI Ta ONTHYHI CIIOCTEPEIKCHHS.
B nmpoMy nocnimkeHHI HaBEINEHO Pe3yNbTaTH ONTHYHUX
CIIOCTEPE)XEHb ~ OKpPEeMHX  ()parMeHTiB  CyIyTHHKa
COSMOS 1408, mo 0ynu oTpumaHi B Ykpaini. B cmocrte-
pekeHHsIX npuiiManu yuacth Tteneckon OEC30 cranmii
OIITHKO-EJIEKTPOHHOTO ~CIloCTepeXkeHHs1 HarioHaiapHOTO
LEHTPY YIPAaBJIiHHS Ta BUIIPOOYBAHHS KOCMIYHUX 3aCO0iB
JlepkaBHOTO KOCMIYHOTO areHTcTBa YKpainu Ta IlIBumaki-
cuuii apromatuyauii kKomiutekce (ILIAK) naykoBo-mocmin-
noro incrutyty (H/I) «MukonaiBcbka acTpoHOMIYHA 00-
cepBaTopis» y gotomy 2022 poky. CoctepekeHHS IToKa-
3aJIM, 0 YKPaiHChKI ONTHYHI 32C00U CIIOCTEPEXECHHS 3/1a-
THI crocTepiratu 00'eKTH KOCMIYHOTO CMITTS HAa HU3BKHUX
HABKOJIO3EMHHX OpOiTax 3 palioIOKAIiHHUM IMEePEeTHHOM
MeHIe 0.1 KB. M. IpX HASIBHOCTI BITHOCHO TOYHUX e(eMe-
pUIHMX AaHuX. Byna npoBeaeHa acTpoMeTpUYHA PELYKIIs
OTPUMaHUX KaJIpiB 3 OKpeMHUMHU (parMeHTaMHU CYITyTHHKA,
sIKa [oKasaja, o OpOiTalibHi TapaMeTpy 3HAYHOT YaCTHHH
00’€KTIB, 10 crIOCTEpiranucs, Oynu OJU3bKHUMHU 10 OpOiTa-
JIbHUX TIapaMeTpiB CymyTHHKa nepen nojieto. Kpim toro,
pe3ynbTaTi 00poOKH HasiBHUX CIIOCTEPEIKEHb BKAa3yIOTh Ha
Te, 110 Aiala30H BUCOT B arorei 3Ha4HO MEPEBUIIYE Jiarna-
30H BHCOT B niepurei. L{i BHCHOBKH y3ro/KyIOTbCS 3 BUCHO-
BKaMH, 3pOOJCHUMH IHIIMMHU IOCTiTHUKAaMHU. Y ManOyT-
HBOMY OyJie BayKJIMBO OL[IHUTH MO>KJIMBOCTI CIIOCTEPE)KEHb
3a HaciikaMu pyiHyBaHHS 00'ekta Ha H30, 0cobmmBO B
nepiii roAWHY Ta IHI micis NoAIOHUX TO/IiH, KOJI MOXYTh
BIZICYTHI TOYHI JjaHi PO OopOITy CMITTS.

K1o4oBi cj10Ba: KOCMIYHE CMITTSI, ONITHYHI CIIOCTEPE)KCHHSL.
1. Introduction

Spacecraft COSMOS 1408 was destroyed on 15 Novem-
ber 2021 as a result of tests of Russian anti-satellite weap-
ons and the huge cloud of debris that poses a threat to other
LEO objects in close orbits was generated. Also known that
this event was the reason for the creation of a permanent
Internal Task (IT) for the observation of LEO fragmenta-
tion events in Working Group 1 of Inter-Agency Space De-
bris Coordination Committee (IADC WG1).
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Table 1: OES30 Specifications (Romanyuk et al, 2021 as
OEO0S-2)

OES 30 FRT
Aperture,mm | 300 300
Focal length, 1500
mm 300
Camera (chip) | QHY-174M GPS Apogee Alta
(Sony 1/1.2" CMOS U9000
IMX174LLJ /
IMX174LQJ)
Size, pix. 1936x1216 3056 x 3056
Pixel size, um | 5.86 12
Scale without 1.6
bining ("/pix) | 41
FoV (deg?) . 1.96
2.89 (130'x80") (83' 83)
jlew rate, Up to 10 Upto 20
eg/s
Tracking yes no

In order to monitor the debris cloud special international
campaign for observation of fragments of this event was
organized in February 2022. The purpose of these observa-
tions was to determine whether telescopes with our receiv-
ers can observe such debris using standard observation
modes and techniques.

2. Equipment and Observation Techniques

Two instruments participated in the observations of
COSMOS 1408 debris fragmentations. These were the
Type 2 Optoelectronic Observation Station (OEOS-2 or
OES30) telescope of the National Space Facilities Control
and Test Center of the State Space Agency of Ukraine and
the Fast Robotic Telescope (FRT) of the Mykolaiv Astro-
nomical Observatory.

OES30 (or OEOS-2) located near Kyiv. Telescope was
installed in 2019 and have modified German with direct
drive mount. Standard tracking mode was used for the ob-
servations.

Fast Robotic telescope (FRT) was designed and manufac-
tured by NAO in 2004. Maksutov mirror lens and rotating
platform with photographic lenses are installed on the paral-
lactic mount telescope. Time delay and integration (TDI)
mode with rotation stage are used for the observations.

Some characteristics of the used telescopes are given in
the Table 1.

3. Proceeding resuts
3.1 OES30

The observations were made on February 13, 2022. A to-
tal of 6 fragments were observed. Observations were carried
out with an exposure of 0.3 s with tracking mode. Detailed
information about observation frames are given in Table 2,
where ID and RCS (S — Small, M — Medium) column given
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Figure 1: Residual differences (O — C) vs UTC, where O —
obtained positions, C — ephemeris data (down — USSPACE-
COM, up — FindOrb).

according unclassified USSPACECOM (previously
NORAD) catalogue (https://www.space-track.org) data.
The main orbital parameters close to the observation epoch
from USSPACECOM catalogue, are shown in Table 3. As
could be shown from tab.3 the objects have similar orbit
parameters values.

3.2FRT

FRT observations were performed on 4 and 11 February
2022. Results of astrometric reductions were shown that
positional accuracy of reference stars is about 1 arcsec in
both coordinates. The limited magnitude was 13™8 with in
exposure 1%, Detailed information about FRT observational
data are shown in table 2 and 3.

The Fig. 1 shows the trend of residual differences be-
tween the obtained positions (from FRT observations) and
the ephemeris data USSPACECOM (https://celestrak.org/
NORAD/elements/) and FindOrb software (https://www.
projectpluto.com/sat_id2.htm) for the object 49541. It can
be noted that the positional differences between the
FindOrb ephemeris and obtained observations are smaller


https://www.space-track.org/
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Table 2: Statistics of the observational data 7150
ID COSPAR ID N RCS | Data | Tel 7100 1 -
49528 | 1982-092-R 133 | S [Feb.13[OES30| _ 7050 - |
49540 | 1982-092-AD 88 M |Feb.13] OES30 2 7000 | . | =
49582 1982-092-BX | 137 S |Feb.13 OES30 g ‘ .
49634 | 1982-092-EB | 115 | S |Feb.13/OES30| £ 0 ~ s | e
49635 | 1982-092-EC | 120 | S |Feb.13 OES30| § so00 - .SSLASSSESSE &
49662 | 1982-092-EH | 100 | M |Feb.13] OES30 so | @ JESS==d
49522 1982-092-K 3 M [Feb.04 FRT "
49530 1982-092-T 6 M |Feb.04 FRT 580"81‘5 - s o s o
49531 1982-092-U 3 M Feb.04 FRT inclination, deg
49535 1982-092-Y 1 M |Feb.04] FRT . .
49537 | 1982-092-AA | 1 M [Feb.0d FRT Figure 2: Orbital parameters of the observed fragments:
semi-major axis - inclination. The group of objects with
49538 | 1982-092-AB | 1 | M |Feb.04 FRT | i close to the COSMOS-1408 orbit before the event
49541 | 1982-092-AE | 7 M _|Feb.04 FRT | s marked with a red circle.
49576 1982-092-BR 1 M |Feb.04] FRT
49590 | 1982-092-CF 2 M |Feb.04] FRT 490 -
49626 | 1982-092-DT | 1 M |Feb.04 FRT 470 | _
49653 | 1982-092-EW | 1 M |[Feb.04 FRT | & . % .
49694 | 1982-092-GP | 2 M |[Feb.0o4 FRT | £ 01 * ="
49707 | 1982-092-HC | 2 | s [Feb0d FRT | 2 .5 | 37| * 0£05-2
49723 | 1982-092-HU | 2 M [Feb04 FRT | & : o FRT
49784 | 1982-092-JA | 1 [ s |Feb.04 FRT | & 4107 | SSss=m=s
49787 | 1982-092-1D | 1 M |Feb.04 FRT 290 , | , |
49789 1982-092-JF 1 M |Feb.04 FRT 390 550 790 990 1190
49822 | 1982-092-KD 1 M |Feb.04) FRT Apogee height, km
50010 | 1982-092-QW 1 M_|Feb.04 FRT Figure 3: Orbital parameters of the observed fragments:
50026 | 1982-092-RN | 1 M _[Feb.04 FRT | perigee heght — apogee height.
49530 1982-092-T 1 M |Feb.1l] FRT
49694 1982-092-GP 4 M |Feb.1l] FRT COSMOS 1408 Gabbard Po: il States (multile epochs)

than between the ephemeris from USSPACECOM cata-
logue and observations. However, the small number of
points and short arc of observations involved in the initial
orbit determination using FindOrb and atmosphere drug in-
fluence has not been taken into account.

4. Brief Analysis of Results

The graph (Fig. 2) clearly shows a dense group of ob-
jects, whose orbit parameters are close to those of the sat-
ellite before fragmentation. Something similar was also ob-
served in the TIRA observations obtained in November
2022. (Cerutti-Maori et al, 2023).

It is also worth noting that the difference in the perigee
heights of these objects is much smaller than the difference
in the perigee heights (Fig. 3). This is in good agreement
with other observations (Fig. 4) (Ramos et al., 2022,
Oltrogge D.L. et al. 2022).
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Figure 4: COSMOS 1408 Gabbard Plot-Initial States
(Ramos et al, 2022).

5. Conclusion

Ukrainian optical sensors are able to observe LEO space
debris objects with RCS less than 0.1 sg. m. in the presence
of relatively accurate ephemeris.

The orbital parameters of a significant part of the ob-
served objects were close to the orbital parameters of the
original satellite before the event. It can also be observed
that the range of apogee heights is much larger than the per-
igee heights. These facts are also confirmed by reports of
observations by other participants that were made earlier.
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Table 3: Main orbital parameters of objects for an epoch close to the observation epoch

ID Epoch (UTC) Inclination | Semi-major Apogee, Perigee, Tele-
2022 axis, km km km scope
49528 02-12 11:34:18 82.978° 7122 1075 413 OES30
49540 02-12 17:25:03 83.107° 6999 798 444 OES30
49582 02-12 11:04:00 82.940° 6976 744 451 OES30
49634 02-12 17:47:43 83.410° 6901 586 460 OES30
49635 02-12 10:51:29 82.938° 7113 1011 458 OES30
49662 02-12 17:47:11 83.430° 6875 540 454 OES30
49522 02-03 17:19:52 82.579° 6848 481 459 FRT
49530 02-0312:43:32 83.405° 6916 622 453 FRT
49531 02-03 17:59:31 82.874° 6 883 583 428 FRT
49535 02-03 12:38:17 82.562° 6 857 495 463 FRT
49537 02-03 18:02:16 82.564° 6952 651 457 FRT
49538 02-03 17:54:24 82.284° 6917 662 415 FRT
49541 02-03 12:16:44 82.808° 6 940 661 463 FRT
49576 02-03 17:26:56 82.598° 6 857 518 440 FRT
49590 02-03 18:27:20 82.551° 6917 622 456 FRT
49626 02-03 17:57:12 82.561° 6853 497 452 FRT
49653 02-03 19:23:44 82.551° 6880 543 461 FRT
49694 02-0317:31:11 82.580° 6 865 511 462 FRT
49707 02-03 19:38:58 82.723° 6 838 489 431 FRT
49723 02-03 21:56:30 81.969° 7015 873 402 FRT
49784 02-03 17:53:08 82.568° 6 868 513 466 FRT
49787 02-03 12:35:04 82.574° 6865 510 464 FRT
49789 02-03 12:54:33 82.613° 6914 612 460 FRT
49822 02-03 12:29:39 82.576° 6874 534 455 FRT
50010 02-03 18:05:18 82.562° 6 872 523 465 FRT
50026 02-03 18:05:21 82.577° 6838 480 439 FRT
In the future, it is necessary to evaluate the capabilities the ESA Space Safety Programme Office, Ed. T.Flohrer,
of sensors to observe the consequences of fragmentation of R.Moissl, F.Schmitz, [online] Available at: (https://con-
objects on the LEO in the absence of accurate data on the ference.sdo.esoc.esa.int/proceedings/neosst2/paper/38/
orbits of debris (the first hours and days after the event). NEOSST2-paper38.pdf) [Accessed 7 September 2023].
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