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Background

• Similar to many space agencies, CSA initiated space debris 
developments about 12 years ago in order to better assess 
risks affecting its space assets and provide escape maneuvers 
and mitigation to protect them
• As part of international cooperation, and as per its mandate, 

CSA has been offering and continues to offer help and support 
to other groups and nations in this field
• Inline with the LTS guidelines, Canada is active multiple fronts 

such as the operational side, R&D side as well as the Policy 
side
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Operational Challenges
• Things are not perfect in observations and measurements especially with 

satellites maneuvering frequently – hence ephemeris sharing periodically
• Covariances precision
• Precision of shared ephemeris is key

• GPS interference/reliability detriment to space safety
• Satellites depend on GPS, especially NEOSSAT, sensitivity to ground activities 

related to GPS ..
• Space weather predictions, atmospheric density and solar radiation 

pressure are less reliable during solar max
• Solar max does affect predicted ephemeris covariance precision and 

therefore maneuver accuracy and frequency;
• The more maneuvers the high space safety risk….
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Canadian SSA Tracking Systems
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Canadian SSA Tracking Systems – Sensor Status

• Sapphire (DND)
- Owner: Dept of National Defence
- Mission: operational space 

surveillance
- Bus: Surrey SSTL 150
- Payload: 15cm V-band anistigmat
- Sensitivity: Mv 16
- Tracking Accuracy: < 3 arcseconds
- Orbit: 785 km dawn-dusk
- Tasking: 22 Wing North Bay/ CanSpOC
- Operator: MDA (Richmond, BC)

NEOSSat (DND/CSA)
Owner: Canadian DND / CSA
Mission: SSA R&D, Asteroid, comet & 
exoplanet astronomy
Bus: MOST bus lineage
Payload: 15cm V-band Maksutov
Sensitivity: Mv 16
Tracking Accuracy: 2.4 arcseconds
Orbit: 785 km dawn-dusk
Tasking: DRDC Ottawa, CSA Observers
Operator: CSA, St Hubert, QC

Ground-Based Optical 
Space Surveillance Observatory
(SSO) (1 of 3 shown)

Owner: Defence R&D Canada Ottawa
Mission: Space Surveillance, SSA R&D
Located: Suffield, AB, Ottawa, ON, 
Valcartier, QC
Instrument: 35cm V-band, 
EMCCD/Conventional CCD
Sensitivity: Mv 16
Tracking Accuracy: 1.5 arcseconds

Operational
Data provided to SSN

SSA R&D
Functional – data acquisition ongoing

SSA R&D

New mount / telescope / 
camera updates in progress
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Objective
Immediately following  a 
conjunction data message 
notification, deliver necessary 
analysis to mission team to 
make decision on collision 
avoidance maneuver

Architecture
• Automation engine around 
Matlab & STK 
• User-friendly Excel and Text 
files delivered via email
• Configurable for additional 
missions with no overhead
• Hot backup servers to 
ensure system up-time

CRAMS Overview

Over 100 missions now supported

CRAMS Overview
… for operators, by operators
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• Data Quality reporting “good data” and “bad 
data”

• Probability Sensitivity to data quality
§ Facilitates “wait” or “act-now” decision 
§ ~Probability forecasting based on error reduction 

with expected tracking
• Linear encounter & positive semi-definite tests 

CRAMS Data Quality Analysis
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Data Quality 
Criteria

LEO 
Default

GEO 
Default

RSS Error Limit (m) 1700 9000
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RCM Conjunction Assessment Challenges
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Difficulties keeping track of maneuvering RCM in SP catalog
• Differences between SP and Ephemeris-based CDMs
• Unrealistic covariance (set to default), impacting Pc
• Maneuvering increasing as we exit solar minimum, exacerbating the issue
• Increasing CDMs against operational satellites, needing a coordinated response
• CRAMS now uploads RCM ephemeris 3x daily to increase Eph-based screening
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CRAMS Statistics – Evolution of LEO as seen by CSA CDMs
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2019:  1497 events                             2020:  3534 events                            2021:  2017 events                                 2022:  6102 events

2023:  8766 events
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CRAMS Statistics – Evolution of LEO as seen by CSA CDMs

10

Notable points
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CRAMS statistics

• When combined, 100% à 10% deserving attention 
à 1% action or further analysis
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NEOSSat imaging RCM satellites post-launch
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15 Jun 2019

RCM-1
RCM-2
RCM-3
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• Spot2 – miss distance 2.2 km

Predictions from CSA’s Conjunction 
Risk Assessment & Mitigation System 
(CRAMS)
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on near-Earth asteroid Didymos
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DART - Didymos asteroid impact event by NEOSSat
2022-Sep-26 23:28, 14 minutes after impact

Ejecta cloud visible to 
NEOSSat after DART 
impact Raw images available on CSA Open Data 

portal and Canadian Astronomy Data Centre 
(CADC)
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