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Introduction

ExpCen: Expert Centre for Space Safety providing services and support for SST and STM

= Developed within ESA’s Space Safety Programme
= Hosted at the University of Bern AIUB, Switzerland

Covering variety of sensor/observation types

= passive optical
= active optical (SLR)
= radar

Providing

= subject matter expertise
= operational services
= test services

Customers

= ESA
= sensor owner/operator
= SST/STM service providers

Astronomical Institute University of Bern /'IUB
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Space Safety Expert Centre Core Services

Data
Acquisition
campaigns

Attitude
Information
Service

Validation and
Qualification
of Sensors

(test phase)
Research and

Development

CA Observation

Support Service Support to

Standardization

(under development)
Re-entry

Observation
Support Service

(under development)

T. Schildknecht: ESA Space Safety Expert Centre Sensor Qualification Service

42nd JADC Annual Meeting, April 16t - 19th 2024, Bengaluru, India

Astronomical Institute University of Bern /'IUB

Slide 3



Space Safety Expert Centre Architecture
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Space Safety Expert Centre Stakeholders/Users
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Expert Centre Network & Observation Types

Passive-optical
telescopes (OPT)

Satellite Laser
Ranging stations (S5LR)
Radar stations

e Service Level Agreements

= Unit prices
= License model
= KPIs
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e V&Q

= Tracking
= Surveys
= Characterization

; esa

Astronomical Institute University of Bern

AIUB
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Sensor Validation and Qualification Service

Certify that a sensor can re/iably provide data respecting

defined guality criteria

Observation Types

= optical tracking

= optical surveys

= optical light curves
= SLR ranging

Validation
= Establish communication
interfaces 1/0

= Sensor is able to provide data
of the tasked objects

= Validate formats

Orbital regimes

= LEO
= MEO
= GEO/HEO

observation type(s)

orbital regime(s)

Qualification o
_ _ sensor specific
u O_bservatlon campaign (few quality figures
nights)

= Assessment according to Key
Performance Indices (KPIs)

Astronomical Institute University of Bern /'IUB
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Example KPI for Sensor Qualification

e KPI for tracking observations of passive optical sensors

percentage of objects successfully tracked and
processed with respect to tasked objects

Efficiency

epoch offset w.r.t. UTC as derived from

Epoch offset processing the calibration objects (GNSS s/c)

stability of the epoch offset within one night and

Epoch offset stability from night to night

Astrometric accuracy
(after time bias
correction)

astrometric accuracy as derived from processing
the calibration objects (GNSS s/c)

observations which do not belong to the tasked

Miss—correlation )
object
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Data Validation Examples
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= along-track errors
may indicate epoch
biases

= along-track errors
are not the same
for the individual
observation series
- not simply an
epoch bias

— Epoch [mjd]
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Data Validation Examples
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Data Validation Examples
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Sensors Qualified

Day of the month
Month-year | 1 2 3 4 5 6 7 8 9 10 | 11 | 12 13 14 |15 16 | 17 |18 | 19 | 20| 21 |22 | 23 | 24 | 25 | 26| 27 | 28 | 29 | 30| 31
Feb-23 ++
Mar-23 + {==
Apr-23 ++ L
May-23 | ++ [++] +]
Jun-23
Jul-23 + x [ x [ x [+ e
Aug-23 w [P [ *] T +
Sep-23
Oct-23 - + + + + = X + + 4+
Nov-23 X|X +|+. + + | ++ + +
Dec-23 + + ++
Jan-24
Feb-24
Mar-24 * -
Apr-24 +H | | & e I S I o

Legend:

® ]3 Sensors on 4 contlnents quallfled over X : planned campaign failed due to weather related reasons

: planned campaign failed due to technical reasons

paSt ] 5 months + : campaign only partially successful

++ : campaign successful

(75 Coordlnated Observatlon nlghtS) Different sensors indicated by different colors
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Example of Sensor Performance

outliers

epoch bias

Performance of a sensor over the campaign

Observation night (YYYY-MM-DD)

Astronomical Institute University of Bern

X
600 - JralmaN
I’l \\
A f{/ “
Q 400 1 At A
— /’ A - - - L
g \ LSensor applied correction for rolling shutter
F 2001 .
/I
x
————— Hemmmmmmmm T T T e
0 e A N et 0 A i)
T T T T T T T T T
2023-02-16 2023-08-08 2023-09-06 2023-10-07 2023-10-08 2023-10-09 2023-10-11 2023-10-14 2023-10-15
200
100 @_ @ . _@ ______ @ _______ 8 88
—————————— 48,808 TR
'@ :
— i
g —=100 A yd
n _ _ rd J s
= 20 7 Sensor’s independent
—300 ~ ) 4 7 0 z 7
st #
2 400 - N Wy calibration past correction = |~52 millisec
-500 A @
8 —
—600 @..- =
_?00 T T T T T T T T
2023-02-16 2023-08-08 2023-09-06 2023-10-07 2023-10-08 2023-10-09 2023-10-11 2023-10-14 2023-10-15
6 -
Vol
’ -
rd 4-._‘
51 ,// ‘h"“-.x A~
f— rd LY # S
=] # A # ~
@ 4 . \ e
] L b} Fd S
e i \ . N
m, b4 \\ L L e X
< 3 EY S e ¢
<L \ ’X"" '-4.__‘_%/,
\\ ”ﬂ‘
- -
2 \\ ’I.v
\x‘f
2023-02-16 2023-08-08 2023-09-06 2023-10-07 2023-10-08 2023-10-09 2023-10-11 2023-10-14 2023-10-15

AIUB

Slide 14



1ce

tion Serv

1Ca

ESA Space Safety Expert Centre Sensor Qualif

42nd JADC Annual Meeting, April 16t - 19th 2024, Bengaluru, India

T. Schildknecht

Examples of Astrometric Accuracy (RA/DEC)

- DEC [arcsec]

Residual

2D plot of RA and DEC residuals

(@ |
-’

°

2023-05-24: F» = 3.200%
20230713
2023-08-14:
2023-08-21 .796%

2023-08-22: F; = 0./97%

RMS of scaled spherical Residuals in [0,20] arcsec
x-mean

y-mean
x-mean + 1sigma
xmean - 1sigma
y-mean + Lsigma
y-mean - 1sloma
x-mean + 2sigma
x-mean - 2sigma
ymean + 2sigma
y-mean - 2sigma
x-mean + 3sigma
xmean - 3sigma
yrhean + 3sigma
y-mean - 3sigma

-10 -5

F2% refers ta portion of the tatal received measurements that lie outside the range of values in this plot

0
esidual - RA {scaled) [arcsec]

s

- DEC [arcsec]

Residual

2D plot of RA and DEC residuals

10.0

2

]

5”

f——

-10.0

202307310 F;
200312-12: F,
20312-13:F,
2023-12-14:
RMS of scaled spherical Residuals in [0,20] arcsec
xmean

ymean

x-mean + 1sigma

x-mean - Lsigma

ymean + lsigma

ymean - Lsigma

x-mean + 2sigma

x-mean - 2sigma

yamean + 2sigma

ymean - 2sigma

x-mean + 3sigma

xmean - 3sigma

ymean + 3sigma

y-mean - 3sigma

-100

-5.0

-25

Fot% refers to portion of the tatal received measurements that lie utside the range of values in this plot

a.0
esidual - RA (scaled) [arcsec]

Astronomical Institute University of Bern
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Examples of Astrometric Accuracy (RA/DEC)

- DEC [arcsec]

Residual

-20

2D plot of RA and DEC residuals

5”

a

A 4

2023-12-14: F, = 0.085%
RMS of scaled spherical Residuals in [0,20] arcsec
xmaan

y-mean
xmean + 1sigma
x-mean - Lsigma
y-mean + 1sigma
ymean - sigma
x-mean 1 2sigma
x-mean - 2sigma
y-mean + 2sigma
ymean - 2sigma
x-mean + 3sigma
x-mean - 3sigma
y-mean + 2sigma
y-mean - 3sigma

-1s —10 -5

Resi
Fa% refers to portion of the total received

0

idual - RA (scaled] [arcsec]
measurements that lic outside the range of values in this plot

s

- DEC [arcsec]

Residual

2D plot of RA and DEC residuals

)

2.5

%
x
x

2023-05-01:
2023-08-27
2023-10-26:

2023-11-08:
2023-11-14:

202311211
2023-11-25:

F, = 0.000%
F> = 0.000%
B =1471%
Fy = 0.000%

PR

RMS of scaled spherical Residuals in [0,20] arcsec
xmean

yamean

x-mean + 1sigma
*-mean - siama
yamean + 1sigma
yamean - Tsigma
% mean + 2sigma
x-mean - 2sigma
yamean + 2sigma
ymean - 2siama
x-mean + 3sigma
-mean - siama
y-mean + 3sigma
y-mean - 3sigma

—so0

—2.5 0o
esidual - RA {scaled)] [aresec]

25

50

R
F% refers to partion of the tatal received measurements that lie outside the range of values in this plot.
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strometric Accuracy (RA/DEC)

Residual - DEC [arcsec]

-20

2D plot of RA and DEC residuals

5”

¥
i

— ymean
-- x-mean + lsigma

x-mean - 1sigma

yamean + Lsigma

ymean - 1sigma

—-- x-mean + 2sigma

x-mean - 2sigma

ymean + 2sigma

yemean - 2sigma

xmean + 3sigma

*-mean - 3siama
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[ RMS of scaled spherical Residuals in [0,20] arcsec
X 20230216
X 2023-08-08:

® 2023-09-06:

2023-10-07
2023-10-08: F> = 0.000%
2023-10-09: F> = 0.000%
2023-10-11: 3 = 0.000%

X 20231014:F; = 0.000%
2023-10-15: F; = 0.000%

% 202312-18:F, = 0.000%

-5

F% refers to portion of the total received measurements that lic outside the range of values in this plot.

0
Residual - RA (scaled) [arcsec]

Astronomical Institute University of Bern
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% Summary

e ESA Space Safety Expert Centre provides services in support of sensor
operators and service providers

e Passive optical sensors are validated and qualified for different orbital
regimes and observation types:

= tracking observations
= survey observations
= attitude characterization observations

e Service provided for free during pilot phase
- sensor operators encouraged to apply for Qualification

Astronomical Institute University of Bern /'IUB
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