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International Scientific Optical Network (ISON)

ISON is an open international project developed to be an independent
source of data about natural and artificial space objects for scientific and
applied purposes

ISON a worldwide network coordinated by Keldysh Institute of Applied
Mathematics of the Russian Academy of Sciences (KIAM)

ISON is cooperating with 35 optical observatories and observation
facilities operating more than 70 telescopes in 15 countries (including
emerging spacefaring nations)

ISON promotes enhancing the international collaboration between
observatories in developing countries and scientific organization in
industrialized countries in the filed of optical observation of natural and
man-made celestial objects



ISON observatories location
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- Telescopes with average and large apertures (400mm and above)

- Wide-field average-aperture telescopes (400-700mm) O

|: Wide-field survey telescopes (220-250mm) f
- Small telescopes for follow-up observations (220-300mm)

|:| Extra wide-filed telescopes (180-192mm)

|:| Telescopes in production




Network of Roscosomos observatories
providing measurements to support ASPOS OKP
functions by KIAM Space Debrls Center
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KIAM Space Debris Data Center Overview

* KIAM space debris data center is established in 2003 as a central information node
for space debris research in RAS and to support ISON development and operations

* Key solving tasks

* Maintenance of the ISON master database on space objects, related events (launches,
fragmentations, re-entires etc.), measurement data and derived products (orbits etc.)

* Development and implementation of optical observation strategies

* Daily scheduling of the ISON sensors for routine and special survey and tasking observations of
GEO, HEO and MEO regions of the near-Earth space

* Collecting and processing of the ISON produced optical measurements on objects in the near-
Earth space, determination of parameters of orbits and their accuracy estimation for each
observed object

e Evaluation of physical characteristics of observed objects
» Search and analysis of probable close conjunctions at GEO, HEO and MEO

* Processing customer’s request and preparing output products (conjunction assessment
messages, raw measurements, orbital parameters etc.)



The Center’s Master Database
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Simplified operational flow of measurement
processing and conjunction analysis
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Data Center Current Operational Characteristics

* Daily processing up to 90000 optical measurements

* Daily updating orbital data for nearly 2000 high altitude space
objects

* Daily conjunction analysis for >50 operational spacecraft, including
analysis of motion for co-located GEO active spacecraft operated by
non-cooperating entities

* Daily scheduling 20 survey and 15 tasking sensors

* Scheduling and processing dedicated observations of objects as part
of on-orbit operations of a new launch (LEO, HEO, GEO)

 Storing original CCD images obtained by ISON instruments

e Required number of personnel for operation — 3 people in a shift



KIAM Master Database.
Number of GEO objects having actual orbital data

H Total number H Number of objects with ISON data only
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34% of objects tracked by ISON in GEO region have orbital data derived only from ISON measurements
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KIAM Master Database.
Number of active GEO objects

H Total number B Number of objects with ISON data only
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13.6% of active objects in GEO region have orbital data derived only from ISON measurements
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KIAM Master Database.
Number of space debris objects in GEO having actual orbital data

H Total number B Number of objects with ISON data only
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41% of space debris objects in GEO region have orbital data derived only from ISON measurements
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Orbit determination

Numerical propagator taking into account following perturbations (tunable for specific orbit):
» Earth gravity (selection of a model possible)
» Moon gravity (DE405)
» Sun gravity (DE405)
» atmosphere (selection of a model possible)
» SRP (cylinder or conical Earth shadow)

Estimation of 6, 7 or 8 parameters (state vector in combination with ballistic coefficient and/or
SRP coefficient — decision is making automatically on what combination would be the most
appropriate in particular case of OD) + covariance

Possibility of setting a-priory values for certain orbital parameters

Automatic selection of measurement arc where motion can be considered as ‘passive’
Automatic filtering of anomalous measurements

Tools for graphical analysis of results

Simple criterion (max in-track error within one orbit) to compare quality of different solutions



Orbit determination

3anava ~ OfwexT =  MsmepeHuA ~  PelweHua ~  HavanbHele yonosws = MapaMeTpel  Mpaduueckuii aHanMs peleHiil
1d orbitld KKCLIA  HauMmeHoBaHWe fata AnT JKCLEHTP HaknoH Meproa ABY AprTep Aprilnp BK KCA BeicAno Briclep WHTepean METOUHIK
avm.tmp... 88615 07/01/2013 13:49:39.000 131,483 0.66467736 64,3750 561.3479 42,3827 268.0559 69,4353 1.000e-2 3.826e-5  35497.077 2070823  25cyT 1744 47 Pewenuwe
Cnucok pewenmit
Id = orbit Id HcToyHmuK Lata Curma MMax AKpT WHTepean anr Bonewn SKCLEHTD HaknoH Mepuog Ay AprTlep Aprilup BK KCa BricAno Beiclep CraTyc
1407383257295 avm.tmp_run.php 1. task 07/01/2013 13:43:39.000 4602 4212 1854 FoyT2le2Bm42c 131488 25144721 0.66468355 64,3755 661348  42.3832 268.0558 £9.4852 1.000e-2 3.91le-5  35497.233  2070.663 3acepwero
Hsmepenun ¥
OnTwaeckne: 7/22 TLE:0/0
MyHKTEl ~
OfeexT MyHKT HaTanepeoro usmM ¥ AlaTta nocneaHero Usm Mzm WHTepsan WcTourmk | BpCasur
1 90201 10058 07/01/2013 13:41:39.000 07/01/2013 13:49:39.000 7 004 08m 00c BO
% 130020015 10097 02/01/2013 21:11:40.000 02,/01/2013 21:20:40.000 7 004 09 00c BO
3 90201 10094 16/12/2012 22:41:37.500  16/12/2012 22:50:37.500 7 004 08n 50c 50 . . .
4 90201 10003 13/12/2012 16:56:13.160  13/12/2012 17:02:37.780 7 004 0ém 25¢ 5Ll Obtal ned Orbltal SOIutlon
5 20201 10058 12/12/2012 20:01:52.000  12/12/2012 20:18:30.000 15 00y 16mM 38c BO
B 90201 10058 03/12/2012 16:20:57.000 03/12/2012 16:30:57.000 10 00y 10m 00c BL
7 90201 10058 26/11/2012 18:03:45.000 26/11/2012 18:14:45.000 11 004 11m 00c BL
8 D 90201 10058 19/11/2012 19:45:55.500 19112012 19:52:44.500 9 00y 0BmM 45 BL
9 D 90201 10058 17112012 15:54:01.000 17/11/2012 16:04:01.000 11 004 10m 00 BL
10 D 90201 10058 10/11/2012 18:30:55.000  10,/11/2012 18:42:56.000 9 004 12m 01c BL
11 D 90201 10058 08112012 23:30:47.000 08/11/2012 23:42:47.000 12 004 11m 60 BL
17 D 90201 10058 05/11/2012 15:48:16.000 05/11/2012 15:59:17.000 11 004 11m 01c BL
13 D 12 10094 28102012 19:57:52.500 28/10,2012 20:06:52.500 7 004 0Sm 00 BA
14 D 11 10094 28/10/2012 19:18:37.500  28/10,2012 19:24:37.500 5 004 06m 00c BA
15 D [ 10097 28/10/2012 19:17:07.500  28/10,2012 19:24:37.500 6 004 07m 30c BA
16 D 90201 10058 28102012 19:02:58.000  28/10,2012 19:19:46.000 11 004 16m 43c BA
17 [ 15 10097 27/10/2012 19:32:37.500 27/10/2012 19:41:37.500 5 004 05m 00c 50 LISt Of traCkS aSSOCIated Wlth the ObJeCt
18 [ 99021 10010 25/10/2012 23:56:50.684  27/10/2012 00:16:12.349 94 004 159m 21c BO
19 | [ 90201 10536 25/10/201201:02:38.860  26/10/201201:11:30.830 17 004 08m 52c BO
20 [0] 125985079 10536 22/10/2012 23:35:54.570  22/10/2012 23:40:00.570 g 004 04 QB BO
21 [ 125955082 10536 21/10/2012 23:38:25.440  21/10/2012 23:42:16.400 (] 004 03m 51c BO
22 [0 125956082 10536 21/10/2012 23:21:47.400  21/10/2012 23:37:51.400 21 00y 16M 04 BO
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Orbit determination

OfbexT »  Msmepenns = Pewenns » apameTpel  Mpaduuec
Id orbitld KKCLIA  HaumeHosaHue fata anr SKCLEHTP HaknoH Meproa ABY Aprllep Aprillup BK KCA BricAno BuicTlep WHTepsan WcTodHuk
avm. tmp 88515 9.0 Pewenne =B
Mpadmicn -
s v 91/012013 13:45:35.00 Results of OD (state vector
Id orbit Id MCToMHIK Cura pememma: 4.802 } | Craryc 1
Amega wxpr.: 1.854 0.7276 2.50898 . .
1407383257295 avm.tmp_run.php_1... task Uncno wrepammiiz 2 tl m atlo n f rro r%*sepu.lenu
Upcmo uaMepeniii: 53 (xommosesT 106), orSpaxcsaso:( (xoMmomenT 0) 0% eS 0 e J}

HuTepsan waMepemmgi: 03/12/2012 16:20:57.000 - 07/01/2013 13:49:39.000 (34.895 cyT.)

X Y z Vx Vy Vz S K

-337.7867 | 20314.9015 32040.6807 -1.581197 -0.419900 1.575542 1.00000e-2  3.91065e-3

Jeneta oTH. HY  0.06801 -0.1677 0.1514 0.000028  -0.000003 0.000021  0.00000e+0 | 8.47762e-7

Hamepenns CKO 0.4042 0.4884 0.4098 0.000078  0.000082 0.000053 0 8.26566e-6

OonTuueckne: 722 ant I Ay T E A w u Ha Hp

131.4881 64.375542.3832 661.3479 0.66468355 25144.7214 268.0558 69.4852 35497.2330 2070.6678

TyHKTEI ~ JensTa 0TH. HY 0.0005 0.0005 0.0000 0.0000061% 0.0000 0.0001  0.0001  0.1558 -0.1555

CKOD 0.0008 0.0013 0.0000 0.00003033 0.0045 0.0013

ObbexT MyrkT | [aTa nepsoro Msm Oatang - .
noMeanSolutionRequired

1 & 90201 10058
2 [/] 130020015 10097 02/01/2013 21:11:40.000 Ouerin owmnbok no RNE =
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7 20201 10058 /2012 18:03:45.000
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TYYRERARNRNRY
f f
3 90201 10058 HAARRARRARRAAAAARAAAARARALARRARAAAD AR AARAAAAANAN AL AA
10 90201 10058 0 /
1 90201 10058
12 20201 10058 -
13 12 10094 " 4. Dec 6. Dec B.Dec 10.Dec 12.Dec 14.Dec 16.Dec 18.Dec 20.Dec 22.Dec 24 Dec 26.Dec 28.Dec 30.Dec 1.Jan 3.Jan 5.]Jan 7.Jan RlC errors for the OD arC
14 11 10094 | —R — N B |
15 & 10037
16 90201 10058
17 15 10087 MpononeHble HEBAZKM =
18 99021 10010 10
19 20201 10536
20 125965079 10536 5 H . Ll
- - - . . -
21 125955082 10536 i H
22 125956082 10535 o . 1 H '
H
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i .
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Orbit determination

Pewesnn =

ObHOBITH

CraTyc

_—

KKCLWA | 1M OfbexT HY = Curma

AKpT Nmax WHT Hoy | M3m AH anr 1 T E April AprTl

= B

156 24435 24435  Dkcnpecc 2 16/02/2014 15:50: 16, 127 1231 2.529 1.4 60,005 45 1865 51 57.780 13.0124  1436.7737 0.000534 45.4 227.5 3.00%e-3 4.299%e-6 35823 35778 peweHue Nony4eHo
157 24435 24435  3Okcnpecc 2 15/02/2014 19:10:03.517 L221 2,221 19 3.889 23 930 12 57.957 13.0116  1436.8935 0.000485 94.6 222.4 5.325e-3 7.607e-6 35823 35782 peEWweHWE NonyYeHo
158 24435 24435  Skcnpecc 2 13022014 23:59:28.000 1.226 2.529 1.3 59.098 46 1876 36 58.316 13.0119  1435.8107 0.000493 165.4 227.4 3.032e-3 4.331e-6 35822 35780 peweHWe Nony-eHo
159 24435 24435  Skcnpecc 2 13/02/2014 00:09: 30000 1.225 2.430 1.3 58.105 45 1837 36 58.496 13.0119  1436.8032 0.000507 167.1 228.2 3.106e-3 4.437e-6 35822 35780 peweHne nony-eHo
160 24435 24435  Dkcnpecc 2 11/02/2014 23:13:37.000 1.174 2.459 1.3 57.068 44 1793 41 58.677 13.0118  1436.8198 0.000513 152.3 227.0 3.151e-3 4.501e-6 35823 35780 peweHWe Nony4eHo
161 24435 24435  3Okcnpecc 2 09/02/2014 22:38:07.092 1171 2.559 1.2 59.967 46 1849 &0 59.041 13.0109 1436.8321 0.000531 141.8 225.8 3.068e-3 5.094e-6 35824 35779 DEWEHME NONyYeHo
162 24435 24435  Skcnpecc 2 08/02/2014 22:44:53.092 1.167 2.610 1.2 59.257 45 1856 60 58.225 13.0100 1436.8410 0.000544 142.7 2247 3.62%-3 5.18%-6 35825 35779 peweHue Nony4eHo
163 24435 24435  Skcnpecc 2 08/02/2014 00:03:09.000 1.157 2633 1.2 58.311 44 1834 &0 59.410 13.0089  1436.8682 0.000567 161.5 222.9 3.568e-3 5.097e-6 35826 35778 pewerne nony4eHo
164 24435 24435  Dkcnpecc 2 06/02/2014 22:25:50,000 1.077 2.481 1.3 57244 43 1723 84 59.5596 13.0070  1436.8726 0.000555 136.3 221.2 3.408e-3 4.865e-6 35826 35775 peweHWe NonyJeHo
165 24435 24435  3Okcnpecc 2 05/02/2014 22:30: 14,000 1.099 2.591 1.3 ©59.259 43 1695 87 59.784 13.0052  1436.8958 0.000561 136.6 219.1 3.638e-3 5.028e-6 35826 35779  peweHWE Nony4eHo
166 24435 24435  Skcnpecc 2 05/02/2014 00: 10:01.000 1.107 2.410 1.3 59.349 43 1652 99 58.973 13.0036  1436.9242 0.000562 160.8 216.5 3.223e-3 4.60%-6 35827 35779 pelweHWe nony-eHo .
1c7 | naasc  naasc LEV.EVERSPE PN ST T 1404 nano iE canca  an acwd nz £N 427 42.0M47 1426 0274 N ANAEAS 4979 M4AC 9 480n 3 A CCEA & BERNS  scTen
Ipadmrn ¥

MapaMeTpel rpadMka = HacTpoliki rpaduka =

0.000025 5.5 67.5 LongitUde1 deg E =
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Conjunction analysis

* Only orbits numerically derived from ISON optical measurements are using
(including orbit determinations for even those functioning spacecraft for
which orbital data are provided by operators)

* If required, additional measurements are collected in order to improve
orbit for both objects in conjunction

* Screening for all conjunctions satisfying given criteria in miss-distance
(total, in-track and radial)

* Control of reliability of the result (by means of calculation ratio of
appropriate miss-distance component and estimation of predicted state
vector error component)

e Standard conjunction assessment message (in XML format) is sending to a
customer



Conjunction analysis
EXPRESS-2 — EUTE 28B case

Analysis based on orbital solutions before EUTE 28B manoeuvre on Aug 5

WTTM moe. M. B, Kenapsma PAH PacueT omacHBIX COTHAKEHHIT C I Osest CO nJ u n Ctl On On Aug 7

Hurtepsan noncka: 01/08/2014 00:00:00 - 10/08/2014 00:00:00

Ba3.(BBC CIIIA) BazoEHi 00LEeKT Cor.(BBC CIIIA) Ciamkarnmuiica 0dbekT dv Jata cOnmxeHHs Ip.Gaz. Ip.cda. Craryc
24433 Ixcnpece 2 33460 EUTE 28B (EUTE W2M) 0.707 06/08/2014 02:0743.778 0.149 2.158
24433 Ixcnpece 2 33460 EUTE 28B (EUTE W2M) 06/08/2014 1K05:10.717 0.647 2.657
24435 Ixcnpece 2 33460 EUTE 28B (EUTE W2M) 1.146 3.155
24435 Ixcnpece 2 33460 EUTE 28B (EUTE W2M) 07/08/2014 14:00:59.087 1.644 3.654
24435 Jxcnpece 2 33460 EUTE 28B (EUTE W2M) 08/08/2014 01:38:52.352 2.143 4.152

Analysis based on orbital solutions after EUTE 28B manoeuvre on Aug 5

WM moe. M. B, Kenmpma PAH Pacuer omacHBIX COTICKeHHIT C I Osest CO nJ u n Ctl On O n Au g 6

Hurtepsa1 noncka: 01/08/2014 00:00:00 - 10/08/2014 00:00:00

Ba3.(BBC CIIIA) Ba3oBeri 0fLekT Cén.(BBC CIIA) Commraromuiica 0fbexT Dmin dv Jara chamxenna IIp.Gas. Ip.céa. Cratyc
24435 3xempece 2 33460 EUTE 28B (EUTE W2M) 42.012 0.709 05/08/2014 14:00:327660 -0.340 -0.350
24435 3xempece 2 33460 EUTE 28B (EUTE W2M) 34012 0.708 06/08/2014 0% 81 0.149 0.148
24435 rempece 2 33460 EUTE 28B (EUTE W2M) ( 0.709 06/08/2014 ID 0.648 0.647
24435 Sxempece 2 33460 EUTE 28B (EUTE W2M) 10.568 0.708 07/08/2014 02:03:35.935 1.146 1.146
24435 Sxcmpece 2 33460 EUTE 28B (EUTE W2M) 44.370 0.709 07/08/2014 14:01:20.533 1.645 1.644
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Conjunction analysis

Estimations
components if

g

3amumaeMsli 00BexT
Comoxaronnmica 00BexT
Mum. paccTomHme, KM
Mozyne oTH. CKOPOCTH, KM/C
Jara

BepodTHOCTE

Odunmansaoe HAMEHOBAHHE
Homep & xar. KK BBC CIIIA
Homep & xar. HIIM

Mesxg. obosmagemme

3moxa HY

o0 ofBeKTa

BricoTa Ha MoMeHT cOmnxenma, KM

1IpoTa Ha MOMEHT CODDHEHMA, =

Joarota Ha MoMeHT cOmpxem, ©

AzmyT Hanp. Ha 2TOpolt 00BEKT HA MoMeHT cOmDxem, ©
Vros MecTa Hamp. Ha BTopofl 00BeXT HAa MoMeHT cOmnxeHma, ©

IMapaMeTprl cO.THKeHAR

24435/ 3|ccnpecc 2 (24435,1996-0584)
UTE W2M) (33460.2008-065B)

. Conjunction parameter;

07/08/2014 02:03:04.008
1.866e-14

ocA ofberTa

Sucnpece 2 OdunmansHoe HaMEHOBaHHE

24435 Homep & xar. KK BBC CIIIA

24435 Homep & xar. HIIM

1006-038A Mexcg. obosmagerme

358042303 BrICOTA HA MOMSHT COMDHSHIA, KM

0.0552 IlupoTa Ha MOMEHT COMDHEHNA, =

48.1170 Joarota Ha MoMeHT cOmnuxeHE, ~

83.4257 AzmmayT Hanp. Ha 2Topolt 00BEKT HA MoMeHT cOmDxem, ©
-0.0116 VTros MecTa Hanp. Ha 2Topoil 00BeXT HA MoMeHT cOmnxenma, ©
05/08/2014 22:33:03.135 Smoxa HY

34880.1331 X. KM

23721.9102 Y. kM

-8.3613 Z. ¥

-1.682224 Vx, mm/c

2473325 Vy, xm/'c

0704995 Vz, smi'c

eKTOp N0I0:KeHHA 3aMIHmaeMoro odsexTa Ha MoMeHT comkenns B CK J2000

BekTop moao:kenns coamkawmerocs odbekTa Ha MoMeHT ciamxennsa B CK J.

)

EUTE 28B (EUTE W2M)

33460

2] 2000 state yector

2008-065B

scomponents
4812
. for each obj

03/08/2014 22:19:44.576

348764484
237237489
-7.9400
-1.728301
2.541376
0.003146

Opbura amumaenoro 00EeER L J2000 _Opiipra ciama: MoMeHT cimreenns g CK J2000
af-appropriate position/velocity: e =
A1) 2 AKTOHEHNE, ©
3|ccue 0.00055845 SKCHEHTPHCHTET M |§§0‘3d5|15tan Ce CO
HRZI:E fOI’ eaCh Object 171.0324 Apryvent nepures, © 177.6363
AprymMest MHPOTEL ° 3500505 ApryMest mUpoOTEL ° 3405813
IBY, © 34.2677 BV, © 44.6431
BrICOTA anmorsq, KM 35804 4918 BrIcoTa amorsq, KM 35802.3862
BEICOTA MEpHIreq, KM 357574041 BEICOTA MEepHred, KM 35770.0458
Tlepuom, MHH. 14358072 Tlepuon, MuH. 1436.0775
IlpoeknHA E€KTOPa 0TH. MOI0KEHHA Ha MoMeHT Makce. cimmmkennda B OCK ces: i ¢ IM IlpoeknHA E€KTOPa 0TH. MOI0KEHAA Ha MoMeHT Make. coammkenns B OCK ceazaHHO ANMIIMCH 065 EKTOM
00 BLeRTOM R, s
R, KM -2.0129 N, xu
NN -3.5033 B, xm
B, xms -0.4145 Vi, xm'c
Vr, B/ 0.701932 Vn, x/c -0.000143
Vi, e 0.000143 Vb, rr'c -0.000001
Vb, rr'c 0.080907 -
R ZamAmiaeMoro o0bekTa CKO eekTopa cocTosHNA B npoexnonn Ha OCK cﬁ:m:x
R, kM N, EM Vi, smic Vn, xm'c Vb, rm/c R, ma N, EM Vr, km'c Vn, xm/c Vb, /e I.
0.663676 1.16204 0161446 8.68004e-5 4.81733e-5 6.01823e-6 0373333 0.533021 4 8069e-5 2.72011e-5 7.12066e-6

ponents, km
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Customers of the KIAM space debris data center

 ASPOS OKP - Automated system of warning on dangerous
situations in space developed and maintained by ROSCOSMOS

* Industry entities
* Vimpel Interstate Corporation
* Information Satellite Systems — Reshetnev Company
* Gazprom Space Systems
e Lavochkin Research and Production Association

 RAS research institutes



Conclusion

* KIAM Space Debris Data Center is a modern low-cost solution for to
maintain up-to-date information awareness on space objects and
events at high altitude orbit

* The Center provides full support to the operation of ISON and open
for cooperation with all nations

* Orbit determination and conjunction analysis are performing on a
routine daily bases

* The Center is capable to fulfill requests of different customers
launching and operating spacecraft at high near-Earth orbits as well
as of scientific users studying space debris problem

* Currently The Center’s Master Database keeps records on 1300+
space debris objects in GEO that is 41% more that in any other
available source



