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GMV in SSA/SST/STM/SDA: Highlights

@ esa Working on SST with ESA since 90’s. Main contributor to Space Safety Program (SST Core SW, CREAM)

” Impressive footprint on EU-SST since 2015 in 7 countries (ES, FR, DE, PL, RO, PT & UK)
__SBTDC Leader of Spanish SST Operations Centre (S3TOC) development and operations for CDTI/AEE within S3T
U Ccnes Developer of BAS3E SST simulator and new advanced algorithms for collision avoidance for CNES
e ‘#;ZR Leader of GSSAC Mission System (GMS) and EU-SST Catalogue development for DLR

Additional SST-related activities in UK, PL, RO, PT for ESA and National Agencies, also within EU-SST

Focusoc Commercial Ops Centre (Focusoc): CA/COLA services For 10+ operators worldwide and 80+ satellites
Focusear Proprietary Passive RF tracking network for GEO satellites, to be extended to LEO
Ecosstm COTS SW solutions covering the whole SSA/SST domain, available in the following systems:

= Spanish, Polish, Romanian and Greek National Civilian SST Ops Centres contributing to EU-SST
ATk

7iv German military SDA Centre (Weltraumlagezentrum), whole SDA C2 capability

BUNDESWEHR

Spanish military SDA Centre (COVE), Orbit Determination for S3TSR and support to Global Sentinel exercises
A\ US Space Force’s JCO (JTF-SD Commercial Ops Cell), SST Data Curation and support to SACT exercises

5RO

EuSTM STM fora at EC, EUSPA, Eurospace, SSC, ESA’s Zero Debris Charter, PPF’s Net Zero Space, IAF, ECSS/ISO
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Precision vs. Accuracy

- Precision is defined based on the observations themselves, defining statistical metrics accounting only for the distribution of
these observations

- Accuracy refers to the proximity of those observations to the actual value of the magnitude observed, therefore the need of a
validated and trusted reference to be compared is mandatory.

©OO®

Low Precision High Precision Low Precision High Precision
Low Accuracy Low Accuracy High Accuracy High Accuracy
The data curation activities need to focus on both concepts: . . .
Precise orbit data combined
Precision = Evaluating the distribution of the observations themselves / with sophisticated modelling

Accuracy = Validating the proximity of those observations to the measured magnitude.
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Sir

u = mean, n = no. samples, ¢ = st. dev,, x; = each observation value, z; = each actual value
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Data Curation

Data Curation = sensor calibration + quality monitoring
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Quality Monitoring and Anomaly Detection Extensions:

References

- Observations residuals

Manoeuvre calibration
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Data Curation — FocusSST / EcoSSTM

Architecture

CDDIS / IGS / ILRS = External 3" party data

I = EOPs
= TAI-UTC

= Precise orbits (SP3/BRDC)

18th SDS / Space-track

Central Database

= Data Providers

= Orbital Information

Special Perturbations

E (18thSDS-GMV Data sharing
agreement)

‘ = Sensor Observations

Fully Automated

Real-time Processing
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Sensor Calibration

Procedure Overview

1.

2.

3.

4.

5.

Download raw observations of calibration satellites
Download precise orbits from various sources, when available
« GNSS, ILRS, NOAA, SWARM

Compute residuals - Comparing the observations against the well-
known position of the objects

« Algorithm: batch least squares
- Apply relativistic corrections
- Apply observation models, tailored to each sensor type

Store estimated calibration parameters for each set of observations
in @ database for future visualisation

« Mean, Sigma (st. dev.), Bias, RMS

Visualise estimated calibration parameters compared against
threshold values
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Corrections applied and estimated parameters by sensor type

Sensor Applied Estimated
Type IR corrections Parameter
Annual light Time bias
aberration Right Ascension bias
Telescope Diurnal light & noise
aberration Declination bias &
Light travel time noise
Range bias and noise
Tropospheric delay ~ Range rate bias and
Mono-static and refraction noise
Radar Bi-static Ionospheric delay Azimuth bias and
noise
Light travel time . .
Elevation bias and
noise
Tropospheric delay . .
Laser . . Range bias and noise
Light travel time
Tropospheric delay . .
Passive TDoA bias and noise
A Ionospheric delay
Ranging FDOA bias and noise

Light travel time
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Sensor Calibration

Calibration Types Instant & short-term sensor

1. Track: calibration using a single track (set of observations) j/' performance

2. 1d: calibration using all tracks for this object within the last 1 day

3. 14d: calibration using all tracks for this object within the last 14 days Resilient to short-term discrepancies

e.g. bad weather, incorrect calibration
ephemerides

Calibration Frequency

1. Calibration Campaigns
Maximises time spent observing objects of interest, not calibration satellites
Large time intervals in-between to validate new or previously failing sensors
2. Continuous Calibration
Some sensor errors sources are unavoidable (e.g. clock synchronisation issues, shutter delays)
More reactive to ensure high-quality data received from all sensors in the sensor network

Requires small dedication to collect observations from designated calibration satellites each day the sensor
is operational = ~3 passes or slots per day max
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Data Curation — Sensor Calibration Monitoring

Valuable in detecting possible discrepancies or anomalies in sensors in near-real time

Typical anomalies vs. Underlying reason behind anomaly

Object Reference Orbit
Manoeuvred Inconsistencies
Data Gaps v v
High Bias v v v

Timebias
Identified bias

200.000 ms

100.000 ms i
Prowde_r 0.000 ms 4‘ e ,
correction ae

-100.000 ms

1i] 0 0210 | o214
== SENSOR1MEQO SP3 14days == SENSOR1MEQ SP3 1day == SENSOR 1MEQ SP3 Track
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Data Curation - State Vector Quality Monitoring

«  Monitor the data flow of all received orbit . - '
states (SVs & TLEs) to detect any outages For Consistent orbit data from providers

each provider ‘

Lorgitude - TEST

« Compute orbital differences between
retrieved SVs against GMV’s Focusoc extended
SP Catalogue (common reference) to detect
orbital errors

Represent in multiple coordinate systems
and frames

- Isolate specific orbital parameters e.g. e , R
11/03 00:00 1 3 12:00 6:00 0412:00 11/04 16:00 11/04 20:00
S MA, ECC’ | N C, LO N G = Provider1 == rovider 4 ovidel rovider == Provider10 == Provider 11

- Concept allows anomaly detection using both Inconsistent data - Possible cross-tag from provider
Provider vs Focusoc &
Provider vs Provider
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Data Curation - State Vector Quality Monitoring

Manoeuvre Detection Example
All providers maintain values

consistent with one another

Longitude - TEST

100.54
100.52
1005
100.48

2 100.46
100.44
100.42

100.4

00:00 00:00 28 00:00 10/29 00:00 0/30 00:00 10/31 00:00 11/01 00:00 11/02 00:00 11/03 00:00

1 == Provid rovider 4 Provider 5 Provider 8 == Reference Orbit

Reference orbit deviates from providers >

Possible manoeuvre likely due to unaccounted manoeuvre
execution
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Observed Covariance

Problem

- The satellites with most precise orbit data may be outside the orbital regime that some sensor providers
operate in.

It can result in more time and resources required by the sensor providers to re-position to and from their point
of interest and the orbit of calibration satellites. Could induce more sensor errors

Example: Re-positioning sensor to MEO GNSS calibration satellites, when they are positioned to observe GEO
satellites.

Aim
- Develop a tool to assess the validity of SP orbits to use as precise reference orbits during sensor calibration,

instead of well-known precise orbit data

- Achieved through using the observed uncertainty to assess the reliability of sensor data, to identify abnormal
behaviour or inaccuracies in reference orbit data catalogues
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Observed Covariance
Methodology

1. Orbit fitting of processed SP Catalogue, processed daily for collision risk
assessment (Focusoc)

Timespan is the previous N previous days of SP derived data

The defined reference orbit covers 24hrs before the time and date of the
procedure start Off-diagonal terms = C, = % ™ [AxFax]]

2. Compute orbital differences (TNW frame) for the time periods where orbit data
overlaps in the stored SP catalogue (last 24hr)
2
. n(axk)?
Diagonal terms = Cy, = </M> = O’
CortF+ Oy

1+F

Receive N sets of 24hr orbital differences

Subdivide to 6hr intervals to have 4 covariance matrices per day
-> observed covariance

3. Covariance aggregation over timespan to compute covariance evolution ¥ Covariance Aggregation > V. =
kr —
4. Filtering:

a. RMS filtering to combat against any data gaps or unpredicted manoeuvres
that occur (operationally representative)

b. Memory factor parameter, F, to weight the covariance of previous days to
ensure gap-free covariance arcs

n = different epochs, Ax} & Ax! = difference between two state vectors of components k & 7 of cov. matrix, N = no. of previous days of SP derived data
© GMV Property - 29/01/2024 - All rights reserved Page 12 gw



Observed Covariance

Results

- Observed covariance computed based on the SP
ephemeris of:

- Inactive GEO satellites (top): Intelsat 7 & 8
- Active GEO satellites (bottom): METEOSAT 9 & 11
+ Sigmas Thresholds: [T,N,W] < [50,10,10] km

- Inactive satellites:
- Consistent trend in sigma, within threshold
- SP data considered valid for calibration

« Active satellites:

- Possible manoeuvre(s) performed but
unaccounted - reference orbit degradation

- SP data considered invalid for calibration

Computed covariance evolution information can be
used in near real-time to support the validity of
continuous sensor calibrations
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Thank you
Jack McHugh

jmchugh@gmy.com
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