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BIRALES - Bistatic Radar for Leo Survey

\».

JEast-West

RFT ) Medicina Radiotelescope
(Sardinia) (Bologna)

0
El_IEET-l—-—- ®\ Agenzia

INNAF s ’ Spaziale
Italiana

ISTITUTO NAZIONALE

DI ASTROFISICA

6° Space Debris Modeling & Remediation Workshop

Milan, 18/05/2022-20/05/2022



Luca Facchini
Department of Aerospace Science and Technology POLITECNICO MILANO 1863

L L L]

Angular profile Slant Range Doppler Shift

Multibeam

NORTHERN
CROSS

6° Space Debris Modeling & Remediation Workshop

Milan, 18/05/2022-20/05/2022



Luca Facchini
Department of Aerospace Science and Technology POLITECNICO MILANO 1863

LI [ 1] ]]] AN NN NN

[P [l
Angular profile Slant Range

Doppler Shift

Multibeam Orbit Determination !
= Lobe ambiguity
= Signal quality
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New Approach: Direction of Arrival estimation

® Signal DOA

0

Ay, [deg]  ~ -6 Ay, [deg]

= Solution is unique if d<A/2
Presence of multiple peaks
=  Ambiguity solving criteria needed
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MATER - Music Approach for Track Estimate and Refinement

‘ Catalogued case ‘

6
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MATER - Music Approach for Track Estimate and Refinement

‘ Uncatalogued case ‘
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MATER - Music Approach for Track Estimate and Refinement

‘ Uncatalogued case ‘
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MATER - Music Approach for Track Estimate and Refinement

‘ Uncatalogued case ‘ SNR matching

Signal Estimate N Tracks N Tracks

Covariance DOAs for SNR € NSNRs
Matrix each epoch

Radar IOD !

Clustering
based on
RANSAC

Angles

3. J. Siminski, Techniques for assessing space object cataloguing performance during design of
surveillance systems, 6th International Conference on Astrodynamics Tools and Techniques (ICATT),
Darmstadt, Germany, 2016, 14-17 March
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solving
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6° Space Debris Modeling & Remediation Workshop

Milan, 18/05/2022-20/05/2022



Luca Facchini

Department of Aerospace Science and Technology POLITECNICO MILANO 1863
RNy LA

MATER - Music Approach for Track Estimate and Refinement

‘ Uncatalogued case ‘ SNR matching

Signal T N Tracks N Tracks

Covariance DOAs for
Matrix each epoch

SNR € NSNRs
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4. C. Yanez et al, A novel initial orbit determination algorithm from doppler and angular information, in:
in Proc. 7th Conference on Space Debris, 2017
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MATER - Music Approach for Track Estimate and Refinement

‘ Uncatalogued case ‘ SNR matching
Signal T N Tracks N Tracks
Covariance DOAs for SNR <> NSNRs
Matrix each epoch
Real SNR Candidates SNR
Clustering n | al
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RANSAC g g | iy
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Nominal performances in uncatalogued case

» 8909 LEO synthetic passages from 537 objects
= Gaussian noise consistent with sensor accuracy
= Assumed RCS=1m?

Method Success %  RMSE (deg)
SNR with DS measurements 100% 1e-04
SNR with SR measurements 100% 1e-04
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Sensitivity analysis on the uncatalogued case:

Case

Different station pointing

Signal interuption during the passage
RCS fluctuations during the passage
Mismatching between real and assumed RCS

Signal from uncontrolled reentry

v

Success: 100%
RMSE: 1e-04 deg

D N N N U N N

Receiver channel bandwidth
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Sensitivity analysis on the uncatalogued case:

Case Different percentage of interruputions

considered
Different station pointing

Signal interuption during the passage
RCS fluctuations during the passage
Mismatching between real and assumed RCS

Signal from uncontrolled reentry

Success: 100%
RMSE: 1e-03 deg

D N N N U N N

Receiver channel bandwidth

“worst case
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Sensitivity analysis on the uncatalogued case:

Case Different dB RCS fluctuations

considered
Different station pointing

Signal interuption during the passage

RCS fluctuations during the passage
Mismatching between real and assumed RCS

Signal from uncontrolled reentry

D N N N U N N

v

Success: 100%
RMSE: 1e-03 deg’

Receiver channel bandwidth

“worst case
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Sensitivity analysis on the uncatalogued case:

Case Different real RCS considered
Different station pointing
Signal interuption during the passage

RCS fluctuations during the passage

Mismatching between real and assumed RCS

Signal from uncontrolled reentry

D N N N U N N

A 4

Success: 100%
RMSE: 1e-03 deg’

Receiver channel bandwidth

“worst case
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Sensitivity analysis on the uncatalogued case:

20

Case

15

| A« \‘\’\ |
o Lata, AaL AWy A . b

0 1 2 3 4 5 6 7 8
Time [s]

l

RMSE: 1e-02 deg

Different station pointing

SNR [dB]

Signal interuption during the passage

RCS fluctuations during the passage

Mismatching between real and assumed RCS

Signal from uncontrolled reentry

D N N N U N N

Receiver channel bandwidth
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Sensitivity analysis on the uncatalogued case:

Case Different bandwidth considered
Different station pointing

Signal interuption during the passage

RCS fluctuations during the passage
Mismatching between real and assumed RCS

Signal from uncontrolled reentry

D N N N U N N

»

> Success: 72,2%
RMSE: 1e-01 deg’

Receiver channel bandwidth

v/ Uncatalogued case )
worst case
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Real observation

£, AE@URQQ @
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® Signal DOA

‘/ Method works in a real scenario
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Real observation
/ 2 AEOVAQGR
CZ-5B reentry (May 9, 2021) N \
» Backend not adapted 08
» Weak signal 06

0.4 -

0.2 ~

0

-5 -4
A [dea] ° Ay, [deg]

® Signal DOA

‘/ Method works in a very challenging real scenario
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Conclusions Acknowledgement
Work conducted in the European Commission FrameworRk
v/ New processing method Programme H2020, Copernicus "SST Space Surveillance
and Tracking” and ASI-INAF agreement "Support to IADC
v’ High accuracy on synthetic data and SST activities 2019-2021"

v~ Successful tests on real scenarios
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