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Task Groups

Task Group 1: Define the STM eco-system into fundamental functional
components, outline issues and current activities, and propose a roadmap

Output: White paper clearly defining problem statement

ask Group 2: Execute a user test case to illustrate the impact of
assumptions, data types and analytical methods on SSA and STM

Output: Comprehensive look at SSA challenges and approache

Task Group 3: Assemble a body of kKnowledge of best practices, standards
and guidelines from across the community

Output: Reference space governance characterization
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Space Traffic Coordination and Management

Why data sharing is crucial
Pascal Wauthier, SES
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Need for space data sharing

For effective SSA, Satellite Operators must contribute as a strict minimum up-to-date satellite
ephemerides and maneuver plans.

STM is not geographically limited; any accidents affect global space commons.

The Space Data Association (SDA) relies on the Space Data Center (SDC) operated by AGI for flight
safety data exchange and processing.
Intelsat, Inmarsat, SES, and Telesat pioneered this international approach to facilitate data collection, quality

control, analysis, and reporting.
The SDC provides services to 30 global operators of spacecraft spanning all orbital regimes, form factors and

mission types.
The SDC performs safety-of-Flight analyses for 683 spacecraft (411 spacecraft in LEO and MEO, and 272

spacecraft in GEO (51% of active).

Two key elements of the SDC that significantly improved SSA:
SDC framework incorporated data exchange technology to facilitate crowdsourcing and data exchange for safety

of flight, in the Data Lake construct.
SDC benefits from AGI experts who closely monitor data quality by comparing information from diverse sources,

revealing many discrepancies in SSA and operator space data products.
However, today’s SDC is not sufficient for effective STM. SDA looked to complement the CSpOC SP
information by independent and reliable measurements or orbital information but was not able to

do so due to financial constraints. .
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Suggested path for effective STM

Going forward, Operators shall contribute additional raw measurements
like:
Standard tone ranging and azimuth/elevation measurements, transponder ranging.
On-board GPS measurements.

More advanced measurements like PaCoRa passive RF data relying on the time
difference of arrival of the satellite payload signal at different ground stations.
Optical or radar observations if available.
These raw measurements support effective data quality control and
comprehensive data fusion to identify potential measurement biases and

yield the best predictive information needed to assess collision risk and
avoid confirmation bias.

Finally, satellite dimensions and attitude information shall also be provided
to support accurate probability of collision assessments.




Space Traffic Coordination and Management
Data Fusion Experiment: Accuracy

Dan Oltrogge, Center for Space Standards and Innovation
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Why is STCM so important right now?

Because traffic (and close conjunctions)
are ever increasing!

SPACENEWS
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CONGESTED

Space traffic management
"~ transition stuck in first gear
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SPACE DOMAIN
AWARENESS

Military keeping sharp eyes *
on orbit as congestion grows

+ C-BAND BONANZA

2020 was looking dismal for
satellite sales — until Intelsatand
SES went on a shopping spree
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Average monthly conjunction
rates surge from 2017 to 2020

atellite operators are receivingwarningsthat  potential collision risks since 2004.

their spacecraftarewithin 1 kilometer ofanother In low Earth orbit. satellite operators typically
satellite or piece of tracked debrisapproximately  evaluate the need for a collision avoidance
twice as often as they did three years ago. maneuverwhen one of their satellites is expected

Thatwas one of the key takeaways fromdata  to come within 1 kilometer of another object.
compiled for SpaceNews byAnalytical Graphics ~ Space Data Center and SOCRATES dataindicate
Inc. (AGI), the Exton, Pennsylvaniafirmthathosts  thatin 2017, LEO spacecraft likely camewithin 1
the Space Data Center, a platform thatingests  kilometer of other objects an average of 2000
information from Space DataAssociationsatellite  times per month. Now, it's closer to 4,000
operators and compares it with commercial  monthly conjunctions.
radar and telescope observations to assess Those are averages. For some satellite operators,
conjunction risks and warn satellite operators.  conjunction alerts may be increasing even faster.

AGl also hosts Satellite Orbital Conjunction  "As steep as this curve is, there are operators
Reports Assessing Threatening Encountersin  that are seeing even higher conjunction rates
Space (SOCRATES), aservicethat hasidentified  than this curve depicts,” said Daniel Oltrogge,
director of the AGI Center for Space Standards
DEBRA WERNER and Innovation. SN

Conjunction trend for active Low Earth Orbit (LEQ) satellites
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Office of Space Commerce: STCM insight and sponsorship
US Space Command: LEO, MEO and GEO SSN observations
COMSPOC: optical observations, data fusion and analytics.)
Rincon: TDOA and FDOA (passive RF) observations
Raytheon: LEO radar observations

Kratos: passive RF observations

Algonquin Radar Observatory (ARO): GEO radar observations
NOAA GPS NavSol data and maneuver plans for two GEO
weather spacecraft.

SES: Ephemerides, maneuver plans, passive RF (PaCoRa), GPS |-
NavSol, and active ranging for seven Astra, SES and O3B
spacecraft

Telesat: Ephemerides, maneuver plans, active ranging for three
Anik spacecraft

Planet: Ephemerides, maneuver plans, GPS NavSol data for
three SkySats

Iridium: Ephemerides, active ranging, maneuver plans for two
spacecraft

Univ. of Texas/Austin: To challenge assumptions on motion,
physics, algorithms used to do statistical inferences).

Space Data Association: Use of their SDC platform to showcase
mature data lake framework, advanced quality control,
comparative SSA processes. ﬁﬂ
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Spacecraft selected

LEO:
* 2 Iridiums at 780 km, i=86.4°
* 3 Planet Skysats at =400 km, i=99°

MEO:
* 2 O3Bs at 8,000 km, i=0°

GEO:

* 4 Astras at 19.2° E
*1SES-15 at 129° W

* 3 ANIKs at 107.3° W

2 NOAA GOES at 75° W

... for a total of 17 S/C
Thruster, maneuver capabilities,

and conjunction and avoidance
statistics shown where provided

SsC Operator | S/C name Thruster Thruster | Isp (s) AV Est. Est.
Technology | config Range | conjunct | avoidance
(e.g., (m/s)? ions/yr. | actions/yr.
4x1N) *
41866 | NOAA GOES 16
43226 | NOAA GOES 17
29055 | SES ASTRA 1KR Monoprop ~1N 200 to ~1m/s | ~300(all | ~10 (all 53
+ Arc jet 480 sec | maneuv 53 SES SES GEO
er GEO satellites)
average | satellites)
31306 | SES ASTRA 1L Monoprop+ ~1N 200to | ~1m/s | ~300(all | ~10 (all 53
Arc jet 480 sec | maneuv 53 SES SES GEO
er GEO satellites)
average | satellites)
33436 | SES ASTRA 1M Biprop ~7N 230 to ~1m/s ~300 (all | ~10 (all 53
270 sec | (maneuv 53 SES SES GEO
er GEO satellites)
average) | satellites)
37775 | SES ASTRA 1N Biprop ~7N 230 to ~1m/s ~300 (all | ~10 (all 53
270 sec | (maneuv 53 SES SES GEO
er GEO satellites)
average) | satellites)
42709 | SES SES-15 lon ~0.04N Up to ~0.08 ~300 (all | ~10 (all 53
3400 (maneuv 53 SES SES GEO
sec er GEO satellites)
average) | satellites)
43234 | SES 03B FM13 Monoprop ~4N ~230 ~0.8 ms ~30 (all Oto 1 (all
sec (maneuv | 20 03b) 20 03b
er satellites)
average)
44113 | SES O3B FM19 Monoprop ~4N ~230 ~08ms | ~30 (all Oto1(all
sec (maneuv | 20 03b) 20 03b
er satellites)
average)
43802 | Planet SkySat-C13 HPGP 4x1N 230 0.1-5 5-10 0-3
45790 | Planet SkySat-C15 HPGP 4x1N 230 0.1-5 5-10 0-3
46179 | Planet SkySat-C17 HPGP 4x1N 230 0.1-5 5-10 0-3
26624 | Telesat Anik F1 Chemical + 120 6
lon
28868 | Telesat Anik F1R Chemical 120 6
39127 | Telesat Anik G1 Chemical 120 6
43574 | Iridium Iridium 154 Chemical 4x1N 140,17 | +.00089 1 31
prograde 7 to +.05, | requiring
mitigatio
1XIN -0.00023 n
retrograd to -0.05
e
(station-
All keeping)
gulsed
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SSA observations by spacecraft

* Each SSA organization contributed

unique services and complementary data
* “Fused” orbit solution, for the purposes

of this first demonstration, includes

active ranging, operator and commercial

SSA passive RF, optical and radar

* GPS NavSol was not included, although it

should be in future demonstrations

§SC Operator | S/C name . Orbit Closest
= el 2 o durin Approach
= 2| ¢| x| E| £ 9 PP
ol ol &l B B o ¥ = demo or during demo:
21 2| 3| 5| & 8| B| 8] ongitudeif
:tc £ 5 a el 4 =] E ongitu .
2| & @ ¢ § a E = GEOQ) SSC/Time/
1 & o Distance(km)
41866 | NOAA GOES 16 * | o * 75°W N/A
43226 | NOAA GOES 17 LI L . 75°W 12996/2020-09-
19T17:21/21.909
29055 | SES ASTRA 1KR . L] . 19.2°E 27168/2020-09-
28712:18/33.902
31306 | SES ASTRA 1L . . . 19.2°E 27168/2020-09-
28712:19/25.944
33436 | SES ASTRA 1M . . L] . 19.2°E 27168/2020-09-
29700:16/15.903
37775 | SES ASTRA 1N . L L] . 19.2°E 27168/2020-09-
29700:16/36.119
42709 | SES SES-15 . ° ° . . 129° W N/A
43234 | SES O3B FM13 LN L . Eq. circ. 38996/2020-09-
8,000 km 28718:18/29.837
44113 | SES O3B FM19 | e e | o Eq. circ. 38996,/2020-09-
8,000 km 28713:01/26.830
43802 | Planet SkySat-C13 ® ° ® | Sun-sync, 450 | 16865/2020-09-
km 27T00:53/2.249
45790 | Planet SkySat-C15 ° ° e | Sun-sync, 400 N/A
km
46179 | Planet SkySat-C17 ° ° * 212x365 km,
orbit-raising
to 400 km N/A
26624 | Telesat Anik F1 . 0 ® . . 107.3° W 28659/2020-09-
17701:41/33.180
28868 | Telesat Anik F1R ° ° ° ° ° ° 107.3°W 28659/2020-09-
17703:07/45.307
39127 | Telesat Anik G1 . . . . . 107.3° W 28659/2020-09-
17702:08/19.871
43574 | Iridium Iridium 154 ° ° ° 780 km circ N/A
at 86.4°
43929 | Iridium Iridium 171 . ° L] 780 km circ | 25417/2020-09-
at 86.4°

Organization Radar | Ground-based | Space-based | Passi Data
Optical Optical ve RF | fusion,
analytics
Algonquin Radar Observatory °
COMSPOC ® °
Kratos °
Raytheon °
Rincon °
Space Surveillance Network ° ° o

© Copyright 2020 ComSpOC Corporation. All rights reserved.
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What SSA positional accuracy is required?

Required accuracy = f(mission, orbit, alert metrics, thresholds, staffing).

Glaring issue in today’s flight safety: Accuracy requirements, from which we

can determine what approaches exist to meet those requirements.
* Too much reliance upon making do with “best-effort” tools, staffing and analyses.
* For example, many operators employ a collision probability threshold (Pc) of 1/10,000.
* But what are the ingredients, how available are they, and how accurate are they?
* Even ignoring very real issues of (a) not having a realistic covariance; and (b) not
having good object sizes, each chosen metric (miss distance, Pc, radial separation)
imposes SSA accuracy requirements.

FOR §
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Converting a Pc threshold into an accuracy requirement

“Maximum Probability” formulation allows us to reverse engineer what

miss distance (km)
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Orbit predictions and their composition

We assessed the precision and accuracy of multiple orbit prediction sources.
They all had strengths and weaknesses, largely due to what they’re made of.

Active Planned
Prediction Radar Ranging Passive RF Maneuvers
|

TLEs =
SP = n
Operator m m m n
NavSol m m
Fused = n n =
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STCM demonstration analysis chain

*Here is the approach we used to aggregate data, build or obtain reference
orbits, difference all predicts relative to the reference and derive statistics:

|

Space tracking
data from SSN
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* In this STCM demonstration, the data set was small and therefore the
statistics undersampled, but still yielded some very interesting insights

{5
g
H
|z
\ | & i
E
2==e

\&
l

CENTER FOR SPACE
DS &



Getting acquainted with our accuracy plot format
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Public release authorized by STCM demonstration participants

Positional accuracy (Ref: fused smoothed solution)
SSC # 31306 (ASTRA 1L) propagated with planned maneuvers
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MJD Pos error (km)
#entries 16752 16752
Minimum 59106.00000  0.01026
Maximum 59123.00000 43.93138
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Sample comparisons of predicted orbits with reference (linear scale)
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Public release authorized by STCM demonstration participants

Positional accuracy (Ref: fused smoothed solution)
SSC # 39127 (ANIK G1) propagated with planned maneuvers
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Public release authorized by STCM demonstration participants

Positional accuracy (Ref: fused smoothed solution) o
veriap stics

SSC # 26624 (ANIK F1) propagated with planned maneuvers MJD  Pos error (km)
#entries 15421 15421
Minimum 59106.00000  0.00455
Maximum 59123.00000 2164469
www.CenterForSpace.com
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Building up the positional accuracy PDF as f(t)

Public release authorized by STCM demonslration participants

Public release authorized by STCM demonstration participants
Positional accuracy distribution vs time since OD epoch Positional accuracy distribution vs time since OD epoch

GEO Fused predictions using planned maneuvers

GEO Fused predictions using planned maneuvers
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Conclusions

By bringing collaborators from U.S. government, commercial SSA sector and
space operators together, a greatly improved SSA product has been realized
that would be (nearly) suitable for a comprehensive STCM service.This STCM
demonstration clearly highlights the value of comprehensive data fusion
and advanced analytics to improved orbit positional knowledge accuracy
and flight safety.

Accuracy is a y=mx+b issue; it is crucial to optimize both “b” (accuracy at
orbit epoch) as well as “m” (rate of positional knowledge degradation)

Need to recall that our seventeen space objects all maneuver, and that
space debris would likely typically have better accuracy.

For maneuvering spacecraft, predictive positional products that do not

incorporate planned maneuvers can be substantially degraded. _
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