Real-time small-size space debris detection with Eiscat
radar facilities

INTRODUCTION|




Study objectives

® Based on developments of the precursor study,

® Develop methods to perform real-time
detection of small-sized space debris objects in
LEO during routine Eiscat operations,

® Demonstrate real-time detection during
standard Eiscat experiment campaigns.
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Precursor study

® 5GO, 2000-2001, lead by M Lehtinen.
® Matlab-based SWV implements GMF method.
® Both detection and analysis done off-line.
® 4.| h of analysed cpllt, tau2 UHF data: 56 events.
® “Piggy-backing” SD on Eiscat OK.
® Sensitivity “2cm at 1000 km range”, but ...

® Coherent integration’s efficiency unknown. Etc.



Present study

® Fiscat, 2002-2003, lead by M Postila.

® c- and Matlab-based SWV implements MF
method.

® Detection on-line. Analysis on-line or off-line.

® Two copies of measurement HWV.



Present study (contd)

® |57 h of analysed UHF data: 2560 events.
® Piggy-backing SD on Eiscat routinely OK.
® Sensitivity “2 cm at 1000 km range”, but ...

® Coherent integration’s efficiency unknown. Etc.



WP structure of the study

® Updating of the data processing methods and
algorithms.

® Real-time detection and parameter estimation of
space debris echos in raw data acquired during
the precursor study.

® Real-time detection during routine operations of
one selected Eiscat radar facility.

® |nvestigation of the Possibilities of Orbital
Parameter Determination with the Eiscat radars.



Structure of this talk

® |ntroduction

® Hardware

® Measurement theory
® Software

® Measurement results

® Summary



Real-time small-size space debris detection with Eiscat
radar facilities
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EISCAT radars
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The SD receiver
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The measurement computer
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The measurement computer
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The analysis computer
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Real-time small-size space debris detection with Eiscat
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Measurement theory

Requested:
litaSornelds

Received signal is
2(t) = s(t) + (1)
s(t) = b- x(6;1)
Available: sample vector
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Tau2 transmission

| 1st matching window | | 2nd matching window |

345 km 735 km 960 1575 1766




Inversion solution

Posteriori density (with constant prior)

Dp(b7 (9|Z) = C(Z) : e_a%Hz—b.X(@)”Q

Bayesian parameter estimate



In practice

Define match function Cy

Then
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Signal energy estimate

For correctly sampled voltages x(t), energy is

b / 2(OPdt ~ 7Y Jaal = 7z
Use




Target detection

Detection criterion
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Structure of MF(R,v)
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Signal model X(t)
reception x delayed transmission
A=A

QT(t/;t)
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Approx. signal model
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Discretize
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The MF algorithm




The FMF algorithm
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FMF vs MF in detection
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Properties of MF and FMF

® Structure of AF and FAF

® Velocity ambiguities, velocity “jumps”
® | ower bound of FMF/MF

® Effect of acceleration error

® Dual-frequency case



Structure of AF(R,,v)




Structure of I-freq FAF(R,v)

TYPICAL CASE (vO=1008 m/s, v_est = 1075 m/s, loss = 10%)
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Effect of acceleration error

Integration = 0.3 s, vO = 1008 m/s
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Effect of acceleration error
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AF vs FAF single freq. case




AF vs FAF, dual freq. case
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Real-time small-size space debris detection with Eiscat
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Overview
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With hitlist editing
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Overall processing speed

30.0 min 30.0 min

FireWire

GURSIP

1 GHz DP G4

dscan dscan
35.5 min 35.5 min

119 105
hits /Scans/... Freia
darc darc
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IO Events/... [k
danalysis danalysis
~6 min ~6 min

/Analysis/...

37 (>>14)



Scanner DSCAN

Scan

Cmd line definition Raw data
file on disk
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c- vs Matlab FMF
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Composer/archiver DARC

cmd line Raw data
switches on disk

Event

directories
on disk

29 GB
1497 events



Event analyser

Result dir Event dir
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vent result files

NM  Event name UT.

XI Experiment ID string.

™™ UT of max Ratio.

ST System temperature K.

AG Antenna gain dB.

WL Radar wavelength m.

PW Transmission power Mw.

AZ Azimuth degr, N=0, E = 90.

EL Elevation degr.

RT Max Ratio ( = estimate of sqrt(SNR_N)).

RG Range km.

RR Range rate (km/s).

VD Doppler velocity (km/s), positive away from radar.

AD Acceleration from VD, m/sA2.

DI Effective diameter cm. Estimated from ST, PW, RT. RN, AG, WL.
CS Lower bound of radar cross section, cmA2. Estimated as DI.
TS (Transmission sample power)/(Noise power)

EN Event number.

05-Mar-2004 02:22:19.0 tau2_2000 UHF<184.0/77.1>
GMF Tc=0.31s dR=0.3 km <Tx=1.5 Ts=100> T/N=73.1
R=1006.5 vD=-0.81 d=3.3 RR=-0.94 aD=47 aRR=NaN aTH=48.0(44.7)

NaN = Bad.

28-Nov-2004 17:35:30
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Event result figure

05-Mar-2004 02:22:19.0 tau2_2000 UHF<184.0/77.1>
GMF Tc=0.31 s dR=0.3km <Tx=1.5 Ts=100> T/N=73.1
R=1006.5 vD=-0.81 d=3.3 RR=-0.94 aD=47 aRR=NaN
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Result figure: Header

05-Mar-2004 02:22:19.0 tau2_2000 UHF<184.0/77.1>
GMF Tc=0.31s dR=0.3 km <Tx=1.5 Ts=100> T/N=73.1
R=1006.5 vD=-0.81 d=3.3 RR=-0.94 aD=47 aRR=NaN aTH=48.0(44.7)

05-Mar-2004 02:22:19.3 tau2_2000 UHF<184.0/77.1>
FastGMF(4) Tc=0.31s dR=0.3 km <Tx=1.5 Ts=100> T/N=72.6
R=1006.1 vD=-0.81 d=3.1 RR=-0.92 aD=48 aRR=NaN aTH=48.0(44.7)

21.3 (5.0)




Result figure: /sNRy

| 21.3(5.0)




Result figure: R = R(t)
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Result figure: vp = vp(t)
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Real-time small-size space debris detection with Eiscat
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Campaigns and results
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Signal strength vs range
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elev. 77.1°

Nov04: tau2

Signal strength vs range
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Effective diameter vs range
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Effective diameter vs range

elev. 61.6°

Sep04: taul (MF)
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Effective diameter vs range

Sep04:taul (FMF & MF)
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Effective diameter vs range
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Event rate vs effective diameter

Sep04, taul (MF)
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Event rate vs eff. diameter

Nov04, tau2 (MF)
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From RCS to effective diameter

for EISCAT UHF
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Radar cross section vs range

elev. 77.1°
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Event rate vs altitude
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Event rate vs altitude

oct03,mar04:taul, 24.1 h, 514 events
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Event rate vs altitude

mar04: tau2, 16.3 h, 247 events
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Event rate vs altitude

nov04: taul, 100 h, 1435 events
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Radial velocity vs altitude
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Radial velocity vs altitude
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Radial velocity vs altitude
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Radial velocity vs altitude
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Radial acceleration vs altitude
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Radial acceleration vs altitude
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Real-time small-size space debris detection with Eiscat
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At the moment ...

® Data collection and detection automated and RIT.

® Event composing benefits of a manual step. To be
included into foreseeable future.

® Analysis from events to parameters automated.
® Sensitivity as in the precursor study.
® Can handle long SD measurements in almost RT.

® SD system installed in Tromso. Ready to go.



In the future ...

® Made software more robust.

® A spare for HW exists, for now. But.

® Tackle remaining problems of the theory, including
® What is the actual detection sensitivity!?

® How to make best use of 2-frequency data
(coincidence-based detection?)

® Can anything be done to mitigate tau2 R-gap?



