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Agenda

• CARA Operational Highlights
• CARA Devolution Status
• CARA Software Enhancements
• CARA Statistics
• Questions and Discussion
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CARA OPERATIONAL 
HIGHLIGHTS
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CARA Operational Highlights

• Launch Support/New Missions
– AEROCUBE 7B and 7C added Nov 

2018
– STPSat-5 launch Dec 2018

• Upcoming launch support
– GPIM: Est. June 2019
– ICON: Est. Q2 2019
– CPOD: Q4 2019

• Recent removals
– GOES-S (Transitioned to NOAA)
– TESS (Maneuvered outside of 

CARA protected orbit regime)

CARA Supported 
Constellation Missions

Aqua**

Aura**

CloudSat*

CALIPSO*

GCOM-W1

OCO-2
Terra**

*CloudSat and CALIPSO have left the A-
Train and were removed from the ESC 
report. Some statistics presented here include 
their event data.
**Aqua, Aura, and Terra are currently in 
Devolution Parallel Operations, skewing the 
WT data since March 2019.
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CARA DEVOLUTION STATUS
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Devolution Overview

• CARA Devolution is a proposed paradigm under consideration by 
SMD
– Agency requirements establish via approved CA Standard.  Accompanying CA 

Handbook will also be produced as technical reference.
– CARA is recommending devolution to exist as an option (not mandatory) for 

missions
• Agency -level decision on feasibility to be rendered following two 

separate pilot programs
– First pilot program with ESMO mission which entered parallel operations 

March 2019; Second pilot with OCO-2 team to begin working towards parallel 
operations at the end of FY2021

– Each pilot includes CONOPS development, CA personnel training and 
certification, tool identification and validation using CARA benchmark cases, 
and transfer of CARA standalone tools (if requested).

– CARA algorithms packaged in Software development kits (SDKs) to be 
publically available soon, training packages available on SATERN.



CARA Status and Enhancements | Spring 2019 A-Train MOWG | June 2019| 7

Devolution Status

• Bottom Line: CARA is NOT going away!
• CARA will continue to perform CA operations for non-
devolved and foreign missions

• CARA will retain CA SME expertise for Agency (non- HSF) support
– R&D for new CA algorithms and paradigms
– 3rd party CA tool evaluation
– Classified CA operations/interactions
– Liaison to 18 SPCS/CSpOC per NPR 8715.6b
– Agency SME expertise to improve processes, maintain standards, guide 

Agency CA policies, and represent Agency to outside entities for CA/SSA
– General CA/SSA policy formation support
– Engagement with external organizations to further Agency goals and 

protection of assets
• No timeline available yet for approval of Devolution from NASA HQ
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CARA SOFTWARE STATUS
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Upcoming: CAS 9.0
Major Release

• CAS 9.0
– Release anticipated July 2019

• Work has been much more extensive than originally planned with entire overhaul of 
system architecture

• Currently in User Acceptance Testing (UAT) and then will move to Parallel 
Operations before deploying to our Prime System

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

• Improvements to non-positive definite covariance handling within CAS
• Deprecation of old Pc calculation methods for improved speed

– Update to ingest 9-digit SatIDs and produce CARA CDMs and Summary 
Reports containing the new 9-digit IDs

– Minor report updates expected
• Fixed instances of old CARA operations listserv email address
• Removal of F-Value from reports
• Users Forum regarding release expected week of June 17th will describe all expected 

changes
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CARA STATISTICS
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Number of Conjunctions with ESC Missions

Unique Events within 0.5x5x5-km Volume by Object Type

Note: Plot includes data for all 
historical ESC missions

Landsat-5 / 
A-Train 
Crossover
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1 2 3 4 5

Representative Historical Events by Risk 
Category

1. Fengyun 1-C event, 11 JAN 2007
2. Iridium-Cosmos event, 12 FEB 2009
3. First screening volume update ca. Fall 2010
4. Added second LEO screening, 1 MAR 2014
5. CONOPS, 1 NOV 2014*
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Cumulative Work Tier Stats

*Note that Tier 1 statistics are incomplete for Jan. 2005 
– Aug. 2010.  They were compiled using all past 
records on file and do not account for all events 
monitored during this time period.

Work Tier Definitions
1 – Email or phone notification
2 – HIE briefing, MTS, or Sensor Coverage
3 – Maneuver Screening
4 – Execute Maneuver or Waive/Re-plan 
existing maneuver

Object ID Common Name Tier 1 Tier 2 Tier 3 Tier 4 Total
14780 Landsat 5 31 3 4 5 43
25063 TRMM 15 3 1 2 21
25682 Landsat 7 61 19 9 16 105
25994 Terra 92 31 31 21 175
26619 EO-1 53 13 9 2 77
26620 SAC-C 33 3 2 1 39
27424 Aqua 96 52 52 25 225
27642 ICESat 3 4 0 0 7
27651 SORCE 4 1 0 0 5
28376 Aura 113 51 51 25 240
28498 Parasol 58 6 6 4 74
29107 CloudSat 66 12 11 18 107
29108 CALIPSO 130 9 4 10 153
37673 SAC-D 27 4 12 9 52
38337 GCOM-W1 41 14 12 19 86
39084 Landsat 8 85 5 12 9 111
39574 GPM 14 2 3 7 26
40059 OCO-2 17 20 22 12 71
43613 ICESat-2 1 1 0 0 2

Total 940 253 241 185 1619

Historical Work Tiers*

2019 YTD - CARA Supported Missions**

**Note that Aqua, Aura, Terra, and GPM are operating 
under Devolution Parallel Operations since March 26 
after which CARA WTs no longer apply

Object ID Common Name Tier 1 Tier 2 Tier 3 Tier 4 Totals
25994 Terra 0 0 1 2 3
27424 Aqua 1 2 3 1 7
28376 Aura 0 0 3 1 4
29107 CloudSat 0 0 0 2 2
29108 CALIPSO 0 1 0 1 2
38337 GCOM-W1 0 0 0 1 1
39574 GPM 0 0 1 0 1
40059 OCO-2 0 0 1 0 1
43613 ICESat-2 1 0 0 0 1

Total 2 3 9 8 22
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Totals are for 7 of CARA�s ~65 missions
– Total CARA work tier events: 74 (of which 35 are ESC)
– Total CARA work tier 3 & 4: 32 (of which 25 are ESC)
– Similar workload to previous MOWG, but more WT4s

High Interest Events: 
1 Nov 2018 through 1 May 2019

Work Tier # of Events

1: Notify O/O
(Email/phone call)

3

2: Brief O/O
(HIE package, MTS, etc.)

7

3: Ephemeris Screening 16

4: Execute mitigation action
(RMM/Waive or Replan maneuver)

9
8 RMM, 
1 Re-plans

Total 35

MOWG date Rate of WT4 Total Rate

Spring 2019
Nov 2018 – May 2019

1/20 days (9 events) 1/week

Fall 2018
May 2018 – Nov 2018

1/46 days (4 events) 1/week

Spring 2018
Nov 2017 – May 2018

1/60 days (3 events) 1/week

Fall 2017
June 2017 – Oct 2017

1/24 days (6 events) 2/week

Spring 2017
Aug 2016 – May 2017

1/36 days (8 events) 2/week
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HIE History for 705-km Constellations
(Through 1 Nov 2018)

Normalized by no. of constellation missions 
supported per year

Work Tier Definitions
1 – Email or phone notification
2 – HIE briefing, MTS, or 
Sensor Coverage
3 – Maneuver Screening
4 – Execute Maneuver or 
Waive/Re-plan existing 
maneuver
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LEO Spacecraft Maneuver Planning Effort

Maneuver planning 
events are considered 
Work Tier 2, 3, 4
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New WT4 for 705-km Constellations
(Nov 1, 2018 � May 1, 2019)

Primary 
Object

Secondary 
Object

Maneuver 
Date

TCA (GMT) Minimum Miss 
Distance Observed 

[m] (ASW)

Maximum Pc 
Observed 

(ASW)

Minimum Miss 
Distance Observed 

[m] (OO)

Maximum Pc 
Observed 

(OO)

Maximum 
F-value 

Observed
GCOM-W1 IRIDIUM 33 DEB 

(37549) 01 Nov 2018 01 Nov 2018 
09:20 83.3 8.39E-04 65.5 9.89E-04 7.2

Terra METEOR 2-9 Deb 
(28598) 26 Feb 2019 26 Feb 2019 

07:16 55.2 1.20E-02 70.7 1.33E-02 7.1

GCOM-W1 UNKNOWN 
(82123) 05 Mar 2019 05 Mar 2019 

09:03 218.5 1.19E-03 271.2 1.53E-03 8.4

CloudSat UNKNOWN 
(80360) 12 Mar 2019 13 Mar 2019 

10:26 40 2.29E-03 57.9 2.08E-03 7.5

Aura UNKNOWN 
(87932) 20 Mar 2019 20 Mar 2019 

03:17 475.2 1.63E-03 405.8 3.56E-03 7.0

CALIPSO UNKNOWN 
(82687) 07 Apr 2019 08 Apr 2019 

05:13 104.8 7.54E-04 68 5.87E-04 7.0

Terra COSMOS 2251 DEB 
(37518) 12 Apr 2019 13 Apr 2019 

02:49 470.8 2.52E-03 551.3 1.13E-03 6.4

CloudSat COSMOS 2251 DEB 
(37093) 15 Apr 2019 16 Apr 2019 

07:10 2.67 4.35E-04 1687 4.06E-05 7.2

Primary 
Object

Secondary 
Object

Maneuver 
Date

TCA (GMT) Minimum Miss 
Distance Observed 

[m] (ASW)

Maximum Pc 
Observed 

(ASW)

Minimum Miss 
Distance Observed 

[m] (OO)

Maximum Pc 
Observed 

(OO)

Maximum 
F-value 

Observed

Aqua NOAA 16 DEB 
(41533) 28 Mar 2019 28 Mar 2019 

23:34 514.9 1.41E-03 630.8 2.11E-03 7.1

Re-planned, Postponed, Waived Off Maneuvers

RMMs
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OPEN DISCUSSION
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BACKUP



CARA Status and Enhancements | Spring 2019 A-Train MOWG | June 2019| 20

Current LEO Catalog Altitude � Nov 2018
Low Earth Orbit Height Distribution
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CARA Catalog Altitude � Nov 2017
Low Earth Orbit Height Distribution – November 2017



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




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


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


http://www.omitron.com/newWebsite/index.php
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BACK UP
RMMs
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Risk Mitigation Maneuvers
for 705- km Constellations

Primary 
Object

Secondary Object Maneuver Date TCA (GMT) Minimum Miss 
Distance 

Observed (m)

Maximum Pc 
Observed

Maximum F -
value 

Observed
Terra SCOUT G-1 10/21/2005 10/23/2005 20:53 37 8.20E-02 9.97
PARASOL AnalystSat 1/16/2007 1/17/2007 8:43 43 1.80E-02 8.91
Terra FengYun 1-C Debris 6/22/2007 6/23/2007 21:44 18 1.60E-01 8.73
CloudSat SINAH 1 7/4/2007 7/6/2007 6:51 38 4.70E-02 9.22
Aura TRIAD 1 Debris 6/26/2008 6/27/2008 15:34 11 4.80E-01 9.62
CloudSat Delta I Debris 7/20/2008 7/21/2008 4:38 90 2.90E-03 8.48
PARASOL Fengyun 1-C Debris 10/19/2008 10/20/2008 10:59 82 2.10E-02 6.42
CloudSat Cosmos 2251 4/23/2009 4/24/2009 13:29 52 4.80E-02 9.82
EO-1 SL-16 Debris 5/11/2009 5/12/2009 16:59 43 1.60E-02 8.11
PARASOL Fengyun 1-C Debris 9/29/2009 9/30/2009 10:54 9 1.20E-01 8.81
Aqua Fengyun 1-C Debris 11/25/2009 11/26/2009 15:36 25 7.00E-02 9.23
Landsat-7 FORMOSAT 3D 12/11/2009 12/16/2009 18:54 92 2.30E-02 9.07
Terra Iridium 33 Debris 1/22/2010 1/23/2010 20:46 244 5.70E-03 8.15
Landsat-5 AnalystSat 4/1/2010 4/1/2010 20:49 68 5.50E-03 7.6
CloudSat AnalystSat 8/17/10 & 8/18/10 8/18/2010 5:25 34.9 1.17E-02 7.1
Landsat-5 Cosmos 2251 Debris 8/24/2010 8/27/2010 12:58 55.8 5.15E-03 7.6
CloudSat SL-16 Debris 10/11/2010 10/12/2010 4:15 230 3.80E-03 8.9
CloudSat Cosmos 2251 Debris 10/13/2010 10/13/2010 23:58 1560 4.25E-03 6.2
Aura Cosmos 2251 Debris 11/22/2010 11/24/2010 11:16 50 3.90E-02 9.5
Aqua Cosmos 2251 Debris 1/2/2011 1/5/2011 18:17 94 8.40E-03 6.4
Aqua Iridium 33 Debris 2/8/2011 2/8/2011 19:32 41 4.70E-02 8.6
CALIPSO OV2-1 2/18/2011 2/19/2011 20:47 95 2.20E-04 9
Aqua Thorad Agena D Debris 3/1/2011 3/2/2011 2:45 204 3.41E-03 9
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Risk Mitigation Maneuvers
for 705- km Constellations cont . 

Primary 
Object

Secondary Object Maneuver Date TCA (GMT) Minimum Miss 
Distance 

Observed (m)

Maximum Pc 
Observed

Maximum F -
value 

Observed
CloudSat Aqua 6/18/2011 7/1/2011 0:13 280 UNK 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 1CDebris 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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