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Why SSA is challenging and disagreements abound /A AG

Approximate annual aggregate collision rate per 25 km altitude bin
(confined to current 18SPCS public space catalog, 31 Mar 2018)

Operators and analysts often differ on
actionability and risk in orbit regimes
— Not all orbit regimes are created equal !

—  Positional accuracy is highly altitude-dependent
Space weather poses challenge below 700 km
High-eccentricity LEO-crossing satellites and debris difficult
GEO accuracy challenging, particularly for active satellites

—  Estimated collision risk and encounter rates are

highly regime- & category-specific
Active-on-active satellites
Active-on-debris
Debris-on-debris

Errors in the many “moving parts” of an
SSA system can invalidate SSA:

Altitude (km)

SSA system
Sensors

Data pooling and fusion 4
SSA analytics _:?" Debris vs debris (1.5m CHBR)
: —8—Satellite vs debris (2.5m CHBR)
Space Object meta-data ‘ —8— Satellite vs satellite (4m CHBR)
. . o q B 4 GEO satellite vs satellite (8m CHBR)
Orbit determination, propagation

© GEO satellite vs debris (5m CHBR)
RFI ﬂyby and mltlgatlon 0.0005 0.001 0.0015 0.002 0.0025

Annual encounter rate per 25 km bin
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What makes SSA challenging? Answer: Everything must work!A Nel

y ﬁ' ¢, Orbit determination, propagation
@ Accurate orbit determination & propagation
) ) Well-suited techniques & algorithms
k 1| Covariance realism w/o scale factors
Non-cooperative maneuver recovery
| Appropsistely=teiored-ferse-madels
Models prior & planned maneuvers
Low-thrust- modeling-ofmareavers
Accurate space weather predictions
|| Proper tagging and obs association
_J Accurate interpolation and digits
|| Accurate atmosphere models
(()) Correct Earth orientation

| Calibrates maneuvers

RFI flyby and mitigation
Incorporates operator’s authoritative RF chars
Advanced tools for RF interference mitigation

Aids with geolocation of RFI source \v ]
# Missed

Iridium
Maneuver

L T
-

Space Situatio'nal Awareness
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Centralized STM Challenges (Oltrogge, 2002) AAGI

Who funds the threat monitoring?
Mission conflict: STM entity must have Safety of Flight (SoF) as its top priority

Disparate tracking and operator orbit determination systems
— Unmodelled (or mis-modeled) maneuvers is perhaps the single biggest challenge!
— Need to create, adopt internationally-standardized data messages
— Shared understandings of coordinate frames, timing systems, units
— Biases in tracking and operator data must be identified and removed

Insufficient model fidelity and data consistency

Latency of debris and operator positional knowledge
— Must continually update tracking data for non-cooperative or debris objects
— Need to increase ops cadence of tracking, OD and data sharing
— Need servers to receive and automatically process owner/operator data
Protection of company or country-proprietary data

— Data recipients and analysis generation systems must maintain sanctity and privacy of pooled data
— Legal and cyber protections for proprietary data
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To effectively avoid collisions, must evolve to: /A AGI

* Highly accurate, precise, complete and timely results

* To get there requires:
— STM framework leveraging collaboration & input data pooling
— Increased tracking sensors, sensor sites and sensor sensitivity
— Advanced sensor data processing techniques
— Data fusion of multiple sensor phenomenologies
— Meaningful Common Operating Pictures and SSA displays
— Advanced OD, CA and SSA algorithms

* OD thru non-cooperative maneuvers, aspherical and non-linear Pc, ...
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The SDA: Providing operational STM since 2010.

Self-organized in 2008 SDA: 35 p)a)rtucupatmg operators, 615 satellites, 62% of active GEO

to promote safe and inmarsat Eegices! B & Arsus Sses” :
efficient use of space ECHOSTAR ¢4 Terra Bella B oot

— Safety-of-flight ™ TURKSAT c3 EshailSat Gl Jahuw ﬂ”‘{:‘,ﬂ

SDC is largest single & EUMETSAT hispasat 2 g N u-oREIT
contributor of !

- —— et e { ARABSAT vars o ety scremm e Seeee
owner/operator & NOAA ==l DlgltalGlot%e

i A 525
ephemerides By R rELEERAS OPI!\Jg c?re
SDC frequently alerts ——— i
JSpOC to any issues
with JSpOC SSA
products

— Voluntary; part of we
are committed to

“always do the right
thing” 0/0-Data Flow to JSpOC:

— Quality assurance and Normalized & Validated

consistency checks are Ephemerides, Maneuvers
Imperative

—JSpOC (18th) has been
very receptive to this
ist
assistance Notify JSpOC of

significant JSSpOC
www.space-data.org [y na—
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Current U.S. STM Paradigm AAGI

Contributing operators
gov’t, civil, commercial, academia (?)

Satellites | Launch (?)

Authoritative PoCs Orbit ephemeris

converted by
operator into
JSpOC-unique
Space object tracking data format

(Space Surveillance Network)

-— -
[
t

e (DCA) 18SPCS Phonebook

*Satellite operator PoCs

Dynamic Calibrated Atmospher Orbit data:

*SP Ephemeris

(SSA share agreement)
*TLEs
*Operator ephemeris (?)

IERS: Earth
orientation
parameters

Batch Orbit Determination (OD) of entire
SSN-tracked space population:
* 3xdaily OD

Conjunction Data Msg:
* Conjunction warnings

1 - 3x per day conjunction assessment Derived SSA

Reentry assessment

Legend
Org
Intl std

Reentry Notifications (?
I/” ry ()

Add’l info
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Space debris
envir. models

In Situ Debris

S/C charging
Single-event upset

NOAA, AFWA, ESA
Improved space
weather, alerts

Space object tracking orgs
(Gov’t, commercial,
academia, amateur)

Tracking Data Msg: IERS: Earth
* Metric obs orientation
*RCS, photometry parameters

Is
sensor data
harable 2

*Ephem, covar

Private track Legend
association + OD Org
Intl std

Add'l info
—

o iy NGy A
Contr ibutlng operators Willing Non-Contributor Operator #1
(gov’t, civil, commercial, academia, amateur) *Repository of non-shared data
* Deconfliction Agent
Satellites Launch Suborbital ExoAtmos
WNCO #2
Tracking Data Msg: Satellite models Orbit Data Msg: Anomaly Msg ISSC WNCO #3
:PNT o> i Authoritative PoCs S/C statu's >of {conceptual Integration
S O *Ephemeris S/CRE Chars Cell WNCO #4
*Passive RF & radar «Covariance I
> ‘ Attitude Data Msg: | -Planned mnvrs (conceptual) WNCO #4
igh- « Attitude rules * Avoid mnvrs RFI D
Precision “truth” : RFI Data Msg *
* Attitude vs t +S/C size, mass Only shared
S/C? / (conceptual) as authorized
| | | | | ] | | | | | |
DCA & Space Weather Data normalization | Aggregate Phonebook Orbit Data Msg:

Comprehensive SSA OD fusion engine:
* Automated operations, on-the-fly OD

* Realistic covariance

* Rapid non-coop maneuver detect, char, recovery

+Satellite PoCs
*Launch PoCs
*Tracker PoCs
*Ops center PoCs

Orbit Data Msg:

Conjunction assessment

Derived SSA

* Comprehensive CA reports

* High-cadence

* Diverse CA Go/No-Go metrics

* CAforensics

op O ©20

Reentry assessment

Comprehensive SSA

QA function

DY Aha a ap A

RFI assessment

* Flyby analysis

* Geolocation

* Pre-computed
solution sets

*Ephemeris
*Covariance
*Maneuvers etc.

Tracking Data Msg

Conjunction Data Msg:
* Conjunction warnings

Reentry Data Msg

RFI Data Msg
(conceptual)




Confluence of all things: A holistic STM perspective AAGl

acilitate, review research;
is mitigation options
sensus best practices
+ LTS guidelines)

ole international standards
, CCSDS, DVB, etc.)

, operated, regulated STM

stry Association

Forum
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Conclusions AAGI

 Collision risk in both LEO and GEO is real but is manageable
e SSA and STM:

— The “terminology battle” continues...
— Differing views (or understanding) on current SSA performance
— Differing views (or understanding) on current STM performance

* Asingle “weak link” breaks the entire SSA analysis chain
— No partial credit given for having SSA “mostly correct”

— Some of SSA’s weak links can be addressed by holistically and
inclusively “crowd-sourcing” data from proven, trusted sources

* A “crowd-sourcing” approach to STM (similar to SDA or the
International Space Safety Center concept) is required
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