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CARA Operational Highlights

e Launch Support/New Missions

— ICESat-2: 9/15/18 CARA Supported
—METOP-C: 11/7/18 Constellation Missions

— AEROCUBE 7B & 7C

Agqua
* New CubeSat added to CARA mission set -
e Upcoming launch support
CloudSat*
— STPSat-5: 11/19/18
—ICON: TBD e
 Recent removals Sl
— QUIKSCAT (EOL) OCO-2
_RHESSI (EOL) Terra

*CloudSat and CALIPSO have left the A-
Train and were removed from the ESC
report. Some statistics presented here include
their event data.

-
omlt aon CARA Status and Enhancements | Fall 2018 A-Train MOWG | DEC 2018 | 4


http://www.omitron.com/newWebsite/index.php

HASA ROBOTIC Cap,

+ * *
55 - Mt
&8 47

' -

CARA DEVOLUTION STATUS
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Devolution Overview

e Basic Philosophy
— CARA Operations functions move to missions

— Governance under new Agency CA requirements (NPR, Standard, and
Handbook)

— Mission CA operations process, training and tools certified by CARA
— CARA continued to serve as Agency SME for CA, including performing R&D
— Screenings continue to be support by CARA OSAs located at the CSpOC

* Benefits

— Spreads expected workload increase due to Space Fence and Large
Constellations over Mission FOT workforce in addition to CARA

— Support more customizable for specific mission operational needs

-
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Devolution Status

 Working pilot program with ESMO team
— Developing extensive documentation which will serve as templates for other
devolution missions

» Agency CA NPR, Standard, and Handbook to describe mission devolution
requirements as well as amplifying technical information

« MOU between CARA and mission
 Parallel operations plan

» CONOPS for CARA and mission

« CA Training and certification materials
» Tool validation materials

— Planning for 6+ month parallel operations period

 Working to transfer CARA standalone CA tools to missions and to
place essential CA algorithms and test cases into Software
Development Kits.

— Patent Counsel and Techn Transfer Office working process

« Second pilot with less experienced mission required by HQ once
ESMO pilot completed

|
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Devolution Path Forward

» After pilot programs complete, SMD to decide:
— Whether to allow/continue devolution
—Whether devolution will be optional or required for missions
— Opportunity to revisit decision yearly
» Considerations that may delay/prevent full devolution
— Foreign partners may require CA support under international agreements

— Missions already on-orbit or significantly far along in development may not be
able to change CONOPS to permit devolution
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CARA SOFTWARE STATUS
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Upcoming: 9.0
Major Release

e CAS 9.0
— Release NET Jan 2019

— System preparation for Space Fence with automation streamlining and
performance enhancements

— Update to 9-digit SatlDs
— No report updates/changes included in this release
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CARA STATISTICS
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Number of Conjunctions with Current ESC
Missions

Unique Events within 0.5x5x5-km Volume by Object Type
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AQUA Conjunction Risk

Representative Historical Events by Risk
Category

ASW Red
0O/O Red
ASW Yellow
0/0 Yellow

ASW Green

O/O Green

Red Threshold
—— Y g|low Threshold

. Fengyun 1-C

event, 11 JAN
2007

. Iridium-

Cosmos event,
12 FEB 2009

. First screening

volume update
ca. Fall 2010

. Added second

LEO screening,
1 MAR 2014

. CONOPS, 1

NOV 2014*
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Cumulative Work Tier Stats
through 1 Nov 2018

Historical Work Tier 1 | Work Tier 2 | Work Tier 3 | Work Tier 4 Total . . -
==V T 3 T > 1 Work T!er Deflnltlons_ o
Landsat 5 31 3 4 5 43 1 — Email or phone notification
Landsat 7 61 19 9 16 105 2 —HIE briefing, MTS’ or
Terra 92 31 30 20 173 S C
EO-1 53 13 9 > 77 ensor Loverage _
SAC-C 33 3 2 1 39 3 — Maneuver Screening
Aqua 95 48 45 25 213 4 — Execute Maneuver or
ICESat 3 4 0 0 7 ) ..
SORCE 2 1 0 0 5 Waive/Re-plan existing
Aura 112 51 46 24 233 maneuver
Parasol 58 6 6 4 74
CloudSat 66 11 11 17 105
CALIPSO 130 8 4 10 152
SAC-D 27 4 12 9 52
GCOM-W1 40 14 12 17 83
Landsat 8 85 5 12 9 111
GPM 14 2 2 6 24
0CO-2 17 20 19 12 68
Total 936 246 224 179 1585
*Note that Tier 1 statistics are 20;8 YTD WorkOTler 1 WorkoTler 2 Work4T|er 3 Work2T|er 4 Togal
1 erra
incomplete for Jan. 2005 —Aug. Aqua 0 7 5 5 B
2010. They were co_mplled using Aura 0 > 9 1 12
all past records on file and do not CloudSat 0 3 0 0 3
account for all events monitored CALIPSO 0 0 0 1 1
during this time period. GCOM-W1 1 2 0 0 3
0CO-2 0 1 4 1 6
- Total 1 12 23 7 43
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High Interest Events:
1 May 2018 through 1 Nov 2018

1: Notify O/0 0 Fall 2017 1/46 days (4 events) 1/week

(Email/phone call) May 2018 - Nov 2018

2: Brief0/0 8 Spring 2018 1/60 days (3 events) 1/week

(HIE package, MTS, etc.) Nov 2017 - May 2018

3: Ephemeris Screening 10 Fall 2017 1/24 days (6 events) 2 /week
June 2017 - Oct 2017

4: Execute mitigation action 4

(RMM/Waive or Replan maneuver) 3 RMM, Spring 2017 1/36 days (8 events) 2 /week

Aug 2016 - May 2017

1 Re-plans
Total 22
 Totals are for 7 of CARA’s ~65 missions )

— Total CARA work tier events: 47 (of which 22 are ESC)
— Total CARA work tier 3 & 4: 26 (of which 14 are ESC)
U Similar workload to previous MOWG Y

|
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HIE History for 705-km Constellations
(Through 1 Nov 2018)

70 Normalized by no. of constellation missions
| supported per year

6.0 Work Tier Definitions
1 — Email or phone notification
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LEO Spacecraft Maneuver Planning Effort
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New WT4 for 705-km Constellations

(May 1 2018— Nov 1 2018)

RMMSs

Primary Secondary Maneuver TCA (GMT) Minimum Miss | Maximum Pc | Minimum Miss | Maximum Pc | Maximum
Object Object Date Distance Observed| Observed |[Distance Observed| Observed F-value
[m] (ASW) (ASW) [m] (0O0) (00) Observed
FENGYUN 1C DEB 12 Jul 2018
Aqua (37593) 12 Jul 2018 o 74.4 5.59E-03 70.2 6.32E-03 6.8
UNKNOWN 11 Aug 2018
Terra (81010) 10 Aug 2018 ayen 43.4 2.09E-02 64.1 1.41E-02 6.8
CALIPSO 82429 06sep2018 | 7 ;;‘_’120018 91 3.49E-03 92 1.51E-03 7.2
Re-planned, Postponed, Waived Off Maneuvers - None
Primary Secondary Maneuver TCA (GMT) Minimum Miss | Maximum Pc | Minimum Miss | Maximum Pc | Maximum
Object Object Date Distance Observed| Observed |Distance Observed| Observed F-value
[m] (ASW) (ASW) [m] (0O0) (00) Observed
Aura 81982 22 (1);?029018 2711 6.00E-04 66 1.34E-03 5.7

OmiTRON
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OPEN DISCUSSION
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BACKUP
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CARA Catalog Altitude — Nov 2017

Low Earth Orbit Height Distribution — November 2017
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Current LEO Catalog Altitude — May 2018
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Risk Mitigation Maneuvers
for 705-km Constellations

Primary | Secondary Object Maneuver Date TCA (GMT)
Object

Terra SCOUT G-1
PARASOL AnalystSat

Terra FengYun 1-C Debris
CloudSat SINAH 1

Aura TRIAD 1 Debris
CloudSat Delta I Debris
PARASOL Fengyun 1-C Debris
CloudSat Cosmos 2251

EO-1 SL-16 Debris
PARASOL Fengyun 1-C Debris
Aqua Fengyun 1-C Debris
Landsat-7 FORMOSAT 3D
Terra Iridium 33 Debris
Landsat-5 AnalystSat

CloudSat AnalystSat
Landsat-5 Cosmos 2251 Debris
CloudSat SL-16 Debris
CloudSat Cosmos 2251 Debris
Aura Cosmos 2251 Debris

Aqua Cosmos 2251 Debris
Aqua Iridium 33 Debris
CALIPSO O0V2-1

Aqua Thorad Agena D Debris

OmiTRON

10/21/2005
1/16/2007
6/22/2007
7/4/2007
6/26,/2008
7/20/2008
10/19/2008
4/23/2009
5/11/2009
9/29/2009
11/25/2009
12/11/2009
1/22/2010
4/1/2010
8/17/10 & 8/18/10
8/24/2010
10/11/2010
10/13/2010
11/22/2010
1/2/2011
2/8/2011
2/18/2011
3/1/2011

10/23/2005 20:53
1/17/2007 8:43
6/23/2007 21:44
7/6/2007 6:51
6/27/2008 15:34
7/21/2008 4:38
10/20/2008 10:59
4/24/2009 13:29
5/12/2009 16:59
9/30/2009 10:54
11/26/2009 15:36
12/16/2009 18:54
1/23/2010 20:46
4/1/2010 20:49
8/18/2010 5:25
8/27/2010 12:58
10/12/2010 4:15
10/13/2010 23:58
11/24/2010 11:16
1/5/2011 18:17
2/8/2011 19:32
2/19/2011 20:47
3/2/2011 2:45

Minimum Miss
Distance
Observed (m

43
18
38
11
90
82
52
43
9
25
92
244
68
34.9
55.8
230
1560
50
94
41
95
204

Maximum Pc
Observed

8.20E-02
1.80E-02
1.60E-01
4.70E-02
4.80E-01
2.90E-03
2.10E-02
4.80E-02
1.60E-02
1.20E-01
7.00E-02
2.30E-02
5.70E-03
5.50E-03
1.17E-02
5.15E-03
3.80E-03
4.25E-03
3.90E-02
8.40E-03
4.70E-02
2.20E-04
3.41E-03

Maximum F-
value
Observed
9.97
8.91
8.73
9.22
9.62
8.48
6.42
9.82
8.11
8.81
9.23
9.07
8.15
7.6
7.1
7.6
8.9
6.2
9.5
6.4
8.6
9
9
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Risk Mitigation Maneuvers
for 705-km Constellations cont.

Primary | Secondary Object | Maneuver Date TCA (GMT) Minimum Miss Maximum Pc | Maximum F-
Object Distance Observed value
Observed (m Observed
280 UNK

CloudSat Aqua 6/18/2011 7/1/20110:13 N/A
CloudSat Terra 10/6/2011 11/7/2011 0:33 1125 UNK UNK
Landsat-7 Cosmos 374 Debris 11/29/2011 11/30/2011 18:07 92 4.75E-03 7
CloudSat FengYun 1-C Debris 12/14/2011 12/15/2011 18:59 220 1.79E-02 UNK
Landsat-7 FengYun 1-C Debris 3/8/2012 3/9/2012 19:32 498 2.02E-03 9.1
Landsat-7 Meteor 1-10 Debris 4/17/2012 4/18/2012 8:14 32 3.73E-02 7.8
Aura Cosmos 2251 Debris 5/16/2012 5/17/2012 19:09 81 4.70E-04 8
Landsat-5 Thorad Agena D Debris 6/29/2012 7/1/2012 1:46 34 5.42E-03 9
CloudSat SINAH 1 9/7/2012 9/8/2012 4:57 61 3.55E-03 9.2
GCOM-W1 Fengyun 1C Debris 9/8/2012 9/8/2012 21:18 241 1.59E-03 7.3
GCOM-W1 SL-16 Debris 9/25/2012 9/25/2012 20:54 125 4.68E-03 8.4
CALIPSO Cosmos 2251 Debris 10/2/2012 10/2/2012 22:28 5 5.90E-02 9.6
PARASOL SL-16 Debris 11/25/2012 11/25/2012 18:45 78 8.32E-03 8.6
CALIPSO Cosmos 2251 Debris 1/5/2013 1/6/2013 13:51 94 2.43E-03 8.7
Landsat-5 AnalystSat 2/12/2013 2/13/2013 12:29 58 5.86E-03 7.5
Aqua Thor Ablestar Debris 3/10/2013 3/12/2013 4:02 74 2.57E-03 8.5
CALIPSO Iridium 33 Debris 3/20/2013 3/20/2013 22:23 129 5.72E-03 9.3
Aqua Iridium 33 Debris 3/23/2013 3/23/2013 11:17 329 3.92E-04 6.4
Terra Cosmos 1174 Debris 3/24/2013 3/26/2013 4:24 113 2.38E-03 9.3
CloudSat Fengyun 1C Debris 4/25/2013 4/26/2013 11:39 529 1.37e-03 6.8
LDCM NOAA 13 Debris 5/5/2013 5/6/2013 19:53 248 1.96E-02 9.6
Landsat-7 CZ-4 Debris 5/9/2013 5/10/2013 14:21 128 5.14E-04 8.9

|
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Risk Mitigation Maneuvers
for 705-km Constellations cont.

Primary | Secondary Object | Maneuver Date TCA (GMT) Minimum Miss Maximum Pc | Maximum F-
Object Distance Observed value
Observed (m Observed
69 7.4

GCOM-W1 CZ-4 Debris 10 May 2013 11 May 2013 22:24 6.81E-03 .

GCOM-W1 Fengyun 1C Debris 23 Jun 2013 25]Jun 2013 13:00 162 5.58E-03 9.4
Landsat 8 AnalystSat 15 Aug 2013 16 Aug 2013 11:39 1250 1.28E-03 6.4
Terra CZ-4 Debris 18 Aug 2013 19 Aug 2013 07:43 79 6.72E-02 9.3
Aura SJ-11-02 02 Sep 2013 03 Sep 2013 07:02 320 2.23E-04 8.5
GCOM-W1 Fengyun 1C Debris 19 Sep 2013 20 Sep 2013 05:55 184 1.69E-03 7.2
CALIPSO Cosmos 397 Debris 24 Sep 2013 24 Sep 2013 18:31 115 2.42E-03 8.3
Landsat 7 SL-8 Debris 01 Oct 2013 02 Oct 2013 20:53 58 7.51E-04 8.7
Aqua Iridium 33 Debris 250ct 2013 250ct 2013 04:27 689 8.99E-04 8.8
Terra Fengyun 1C Debris 17 Nov 2013 18 Nov 2013 05:42 272 1.01E-02 8.5
Aqua Cosmos 2251 Debris 28 Nov 2013 28 Nov 2013 22:28 373 6.41E-04 8.1
Terra CZ-4 Debris 10 Feb 2014 10 Feb 2014 11:52 152 1.24E-02 8.5
Terra Delta 1 Debris 2014 Mar 21 23 Mar 2014 00:17 50 2.35E-03 8.6
Landsat 7 Delta 1 Debris 2014 Apr 15 16 Apr 2014 17:10 362 8.63E-03 9.1
GCOM-W1 Iridium 33 Debris 2014 Apr 22 22 Apr 2014 17:11 223 3.39E-03 8.0
Landsat 7 Cosmos 2251 Debris 27 May 2014 28 May 2014 06:19 127 2.31E-02 8.4
0CO-2 AnalystSat 24 Aug 2014 24 Aug 2014 01:47 147 8.84E-04 6.5
Landsat 8 Cosmost 2251 Debris 28 Aug 2014 30 Aug 2014 19:15 384 3.02E-03 9.1
Aura Fengyun 1C Debris 29 Aug 2014 02 Sep 2014 12:32 408 1.19E-03 6.7
0CO-2 CZ-4B Debris 14 Sep 2014 14 Sep 2014 22:51 81 2.84E-04 7.8
Landsat 7 SL-8 Debris 25 Sep 2014 25Sep 2014 22:47 1447 4.16E-04 7.1

OmiTRON
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Risk Mitigation Maneuvers
for 705-km Constellations cont.

Primary | Secondary Object | Maneuver Date TCA (GMT) Minimum Miss Maximum Pc
Object Distance Observed
Observed (m

GCOM-W1 SL-16 Debris 12 Oct 2014 13 Oct 2014 08:03 1900 6.75E-04
Aqua Unknown 210ct 2014 21 0ct 2014 04:17 4935 6.90E-04
GCOM-W1 Cosmos 1275 Debris 09 Nov 2014 09 Nov 2014 23:44 69 3.91E-03
Terra Iridium 33 Debris 31 Dec 2014 01]Jan 2015 06:24 206 9.67E-04
0CO-2 Cosmos 2251 Debris 01]Jan 2015 02 ]Jan 2015 07:58 152 6.70E-04
CloudSat SL-8 Debris 14 Mar 2015 15 Mar 2015 20:07 40 3.72E-04
Landsat8 Cosmos 2251 Debris 10 Apr 2015 10 Apr 2015 14:37 46 8.68E-04
GCOM-W1 DMSP 5D-2 F11 Debris 13 Apr 2015 13 Apr 2015 06:06 1439 1.46E-03
GCOM-W1 S§J-11-01 20 May 2015 22 May 2015 14:27 455 2.27E-03
Terra Cosmos 2251 Debris 27 May 2015 27 May 2015 23:13 57 1.86E-02
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‘ Risk Mitigation Maneuvers (RMMs)
o for 705-km Constellations

Min. 0/0
Primary Secondary Object |Maneuver Date TCA (GMT) Min. ASW Miss Max ASW Miss Max. 0/0
Object Distance (m) Distance (m Pc

Terra 87692 (UNKNOWN) 16 Jun 2015 16 Jun 2015 08:33 5.26E-2 147 2.19E-2
26093 (COSMOS 2251 22 Nov 2015
0CO0-2 DEB) 21 Nov 2015 18:27 40 7.36E-4 137 6.54E-4
20435 10 Dec 2015
0CO-2 (SL-8 DEB) 10 Dec 2015 20:03 7 1.09E-1 13 8.13E-3
00478
Landsat-7 (THOR ABLESTAR 28 Dec 2015 29 Dec 2015 25 2.99E-2 64 3.03E-2
06:48
DEB)
Aura 34215 18 Jan 2016 19 Jan 2016 01:17 143 1.57E-3 138 1.35E-3
(CBERS 1 DEB) ' ' '
CALIPSO e 04 Mar 2016 04 Mar 2016 05:50 37 2.12E-02 55 3.42E-03
(CZ-2D Deb) ' ' '
Aura* 34726 15 Mar 2016 16 Mar 2016 08:27 19 3.36E-01 5 5.17E-01
(COSMOS 2251 Deb) i : :
35072
0CO-2 (COSMOS 2251 Deb) 12 Apr 2016 13 Apr 2016 00:27 4.5 4.97E-04 182 4.81E-04
Landsat-8 iy 24 Apr 2016 24 Apr 2016 23:51 116 6.43E-04 33 5.82E-04
(Unknown)
36543
GCOM-W1 (COSMOS 2251 Deb) 08 Jun 2016 08 Jun 2016 23:24 40 3.68E-03 102 6.73E-3

*The Aura event was both a waived
maneuver (INC#46) and an RMM
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1ASA ROBOTIC Cag,

Risk Mitigation Maneuvers (RMMSs)
for 705-km Constellations

Primary Secondary Maneuver TCA (GMT) Minimum Miss | Maximum Pc | Minimum Miss | Maximum Pc | Maximum
Object Object Date Distance Observed| Observed |Distance Observed| Observed F-value
[m] (ASW) (ASW) [m] (00) (00) Observed
SL-24 Deb 16 Sep 2016
Landsat-7 (37796) 15 Sep 2016 1328 4.2 9.68E-02 2.3 4.09E-02 9.7
UNKNOWN 30 Sep 2016
GCOM-W1 (88203) 29 Sep 2016 1747 186 3.32E-03 341 2.91E-03 7.2
METEOR 1-10 23 Dec 2016
CALIPSO Deb (08826) 23 Dec 2016 01:44 24 6.51E-03 33 4.97E-03 9.3
UNKNOWN 11 Jan 2017
GCOM-W1 (89231) 11 Jan 2017 15:19 540 1.29E-03 742 1.20E-03 6.8
PSLV R/B 26 Mar 2017
Aura (25759) 26 Mar 2017 13:39 95 3.45E-02 304 5.14E-03 9.6
Primary Secondary Maneuver TCA (GMT) Minimum Miss | Maximum Pc | Minimum Miss | Maximum Pc | Maximum
Object Object Date Distance Observed| Observed |Distance Observed| Observed F-value
[m] (ASW) (ASW) [m] (O0) (00) Observed
UNKNOWN 01 Jun 2017
GCOM-W1 (89011) 01 Jun 2017 o 39 8.62E-03 21al 1.19E-02 7.8
IRIDIUM 33 Deb 06 Jul 2017
Terra (35627) 05 Jul 2017 . 176 1.55E-03 162 1.76E-03 7.4
Fengyun 1C Deb 06 Jul 2017
GCOM-W1 (31616) 06 Jul 2017 - 709 1.73E-03 732 1.55E-03 5.6
FENGYUN 1C Deb 16 Mar 2018
Terra (33666) 15 Mar 2018 e 245 1.97E-03 265 1.87E-03 6.8
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Hp&l\ ROBOTIC C*"RA

Re-planned, Postponed, Waived Off Maneuvers
(705-km Constellations)

Maximum Pc
Observed

Minimum Miss
Distance
Observed ASW

Minimum Miss
Distance Observed

Primary Maneuver Date

Object

Secondary Object TCA (GMT)

Terra
Aura
Aura
Landsat-7
CALIPSO
CloudSat
Landsat-7
Aqua
Aqua
Aqua
Aura
Landsat-7
Aqua
Aqua
Terra
Landsat-7
GCOM-W1
Aura
Landsat-5
Aqua
Aqua
Aura
Aura
'LDCM

Titan 3C Transtage Debris
Titan 3C Transtage Debris
DMSP 5D-2 F11 debris
Fengyun 1-C debris

CZ-4 Debris
Monitor-E/SL-19
AnalystSat

CloudSat

Fengyun 1-C debris
COSMOS 2251 Debris
COSMOS 2251 Debris
CZ-2C Debris

CZ-4 Debris

Titan 3C Transtage Debris
Nigeriasat-2

Fengyun 1-C Debris
Iridium 33 Debris
AnalystSat

COSMOS 2251 Debris
AnalystSat

COSMOS 2251 Debris
Latinsat B

SL-16 Debris

Atlas Centaur R/B

UNK
6/17/2008
6/17/2008
2/3/2009
11/23/2010
11/23/2010
12/21/2010
6/8/2011
6/23/2011
8/25/2011
9/8/2011
10/6/2011
10/25/2011
12/20/2011
5/31/2012
6/19/2012
6/28/2012
8/29/2012
9/13/2012
9/13/2012
1/25/2013
4/3/2013
4/3/2013
4/3/2013

1/12/2006 17:46
6/13/2008 3:26
6/15/2008 20:34
1/14/2009 9:49
11/23/2010 3:12
11/23/2010 13:47
12/21/2010 19:43
5/22/2011 0:00
6/23/201117:27
8/29/2011 3:57
9/3/2011 5:57
10/9/2011 1:16
10/26/2011 11:13
12/16/2011 19:36
6/1/2012 22:49
6/21/2012 13:40
6/29/2012 6:23
9/2/2012 13:28
9/11/2012 17:47
9/16,/2012 18:50
1/28/2013 19:46
3/24/2013 22:04
3/30/2013 3:08
4/4/2013 4:11

0/0 (m)

88
618
628
380
1735
150
673
UNK
370
195
40
87
12
388
190
415
3487
230
103
63005
235
793
80
227

334
5671
7340
1055
421
1377
441
UNK
66
30739
50
3860
1349
45775
19970
641
4397
63
97
345
190
5096
20095
5707

0.00E+00
N/A
N/A
5.13E-05
1.60E-03
0.00E+00
2.35E-03
UNK
4.92E-02
0.00E+00
2.20E-03
1.68E-06
1.80E-03
0.00E+00
0.00E+00
1.01E-04
N/A
2.74E-03
4.83E-03
0.00E+00
3.23E-04
7.28E-16
3.24E-103
1.88E-52
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HASA ROBOTIC Cap,

+ * *
55 - M,
Ko Sar,

B Re-planned, Postponed, Waived Off Maneuvers

(705-km Constellations) cont.

Primary

Object

Aqua
Landsat 8
Landsat 8
Aura
Aqua
Aqua
Terra
GCOM-W1
CloudSat
CloudSat
Aura
Landsat 8
Terra
Calipso
Terra
Aura
Aura
Aura
Aqua

Secondary Object

PSLV Debris

SL-8 Debris

NOAA 13 Debris
Cosmos 2251 Debris
SL-16 Debris
Cosmos 2251 Debris
Magion 2

CZ-2D Debris
AnalystSat

Thor Ablestar Debris
Cosmos 2251 Debris
Cosmos 2251 Debris
Cosmos 2251 Debris
CZ-2C Debris
Iridium 33 Debris
Fengyun 1-C debris
CZ-2C Debris

CBERS 1 Debris
Cosmos 2251 Debris

OmiTRON

Maneuver Date

30 Apr 2013
21]Jul 2013
26 Sep 2013
15 Nov 2013
14 Jan 2014
14 Jan 2014
26 Feb 2014
02 Apr 2014
04 Apr 2014
21 May 2014
19 Jun 2014
24 Sep 2014
13 Nov 2014
05 Dec 2014
12 Dec 2014
28 Jan 2015
28 Feb 2015
28 Feb 2015
22 May 2015

TCA (GMT)

24 Apr 2013 07:44
23 Jul 2013 19:56
28 Sep 2013 03:16
18 Nov 2013 17:50
09 Jan 2014 23:30
14 Jan 2014 17:24
26 Feb 2014 02:42
27 Mar 2014 16:06
03 Apr 2014 22:42
22 May 2014 12:02
20 Jun 2014 05:22
24 Sep 2014 01:52
08 Nov 2014 22:46
06 Dec 2014 06:49
13 Dec 2014 15:44
24 Jan 2015 13:34
07 Feb 2015 02:16
18 Feb 2015 22:36
22 May 2015 23:47

Minimum Miss
Distance Observed

0/0 (m)

238
1549
271
157
1402
7979
280
1454
211
152
137
154
133
1409
4110
1292
298
150
149

Minimum Miss

Distance

Observed ASW

3810
266
209
3822
3355
2930
6806
11725
10269
1199
64
2628
6067
N/A
4320
1460
153
607
395

Maximum Pc
Observed

6.63E-08
1.26E-03
1.44E-08
1.27E-02
2.50E-05
4.06E-06
1.14E-06
1.82E-04
1.30E-04
9.00E-06
8.80E-05
0.00E+00
0.00E+00
N/A
2.13E-04
6.82E-04
1.04E-03
6.06E-09
1.24E-04
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HASA ROBOTIC Cap,

Re-planned, Postponed, Waived Off Maneuvers
(705-km Constellations)

Secondary Object TCA (GMT) | Min ASW Miss | Max ASW Pc |Min O/0 Miss|Max 0/0 Pc
Object Date Distance (m Distance (m

Landsat 7 ?gf:g‘;un |Cdebris) 25)un2015 25 ]0“2“021015 3766 3.26E-05 2.76E-4
Aqua %Sesl‘;} e 150ct 2015 0 ggf 426015 122 2.27E-04 1439 1.92E-4
Aura fgfngun 1€ Debris) 10 Nov2015 06 1}8‘:’02015 2056 4.55E-05 576 3.25E-4
CloudSat ?ﬁf{;im 33 pepris) | 19 Nov 2015 19 1232’020015 33113 0.00E+00 2009 2.95E-5
Aqua ?T(‘)}?(?sAblestar 20 Nov 2015 21 122:7123015 N/A N/A 647 8.71E-4
Debris)
Aqua ?SZS 156 Do 16 Dec 2015  -° ?2?126015 480 7.90E-04 799 8.93E-4
Terra fﬁg’iim 33 Debris) 18 Pec2015 18 ?‘53;21015 3682 1.47E-03 1020 8.08E-4
0CO-2 ?ﬁ?dliﬁm 33 Debris) 30 Dec2015 24 lizf025015 15531 8.59E-5 11680 6.69E-06
Aura* ?C‘g;fﬂ 052251 pe) 15 Mar 2016 16 '\(;';;016 19 3.36E-01 5 5.17E-01

*The Aura event was both a waived
maneuver (INC#46) and an RMM
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HASA ROBOTIC Cap,

Re-planned, Postponed, Waived Off Maneuvers
(705-km Constellations)

Primary Secondary Maneuver TCA (GMT) Minimum Miss | Maximum Pc | Minimum Miss | Maximum Pc | Maximum
Object Object Date Distance Observed| Observed |Distance Observed| Observed F-value
[m] (ASW) (ASW) [m] (0O0) (00) Observed
Fengyun 1C Deb 17 Oct 2016
Aura (32228) 12 Oct 2016 14:25 522 7.65E-07 275 9.43E-05 4.8
Fengyun 1C Deb 10 Jan 2017
0CO-2 (32228) 07 Jan 2017 07:53 15739 4.03E-07 3586 2.02E-05 4.3
(UNKNOWN) 11 Jan 2017
0CO-2 872511 09 Jan 2017 12:50 113 9.56E-05 211 7.01E-05 5.2
THOR ABLESTAR 28 Apr 2017
Aura Deb (18908) 26 Apr 2017 17:27 8233 7.84E-05 33 2.88E-03 7.6
Primary Secondary Maneuver TCA (GMT) Minimum Miss | Maximum Pc | Minimum Miss | Maximum Pc | Maximum
Object Object Date Distance Observed| Observed |Distance Observed| Observed F-value
[m] (ASW) (ASW) [m] (0O0) (00) Observed
UNKNOWN 21 Jul 2017
0C0-2 (81508) 20 Jul 2017 T N/A N/A 19674 3.69E-06 1.5
Aura PICOSAT 5 (26093)| 21 Jul 2017 22 (J);I,: g 17 790 6.45E-06 135 9.48E-04 8.6
COSMOS 2251 Deb 19 Oct 2017
0C0-2 (34390) 19 Oct 2017 e 10231 1.95E-05 10151 2.73E-05 4.3
IRIDIUM 33 Deb 02 Mar 2018
0CO0-2 (35478) 01 Mar 2018 01:25 2284 1.12E-10 1320 2.34E-06 3.8
UNKNOWN 13 Apr 2018
Aqua* (82535) 12 Apr 2018 02:01 168 0.00E+00 516 1.39E-03 6.7
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NP*E"’\ ROBOTIC C"“M

Normalizing HIE Trend Data

Year \[ ) § Notes
Missions

2005 9 L5, L7, Terra, Aqua, Aura, EO-1, Parasol, SAC-C, IceSAT

2006 10.5 Added CALIPSO and PARASOL in April; 0.75 yrs each

2007 11

2008 11

2009 11

2010 10.6 Stopped supporting [ceSAT in August

2011 10

2012 10.5 Added GCOM-W1 in May

2013 11 Added L8 in February; dropped Landsat 5 in June

2014 10.5 Added OCO-2 in July; dropped SAC-C, PARASOL

2015 10

2016 10

2017 7.5 Removed Landsat-7 and 8 Nov 1 2016, EO-1 decommissions Apr 1 2017
2018 7 Aqua, Aura, CloudSat, CALIPSO, GCOM-W1, OCO-2, and Terra
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