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+ Presentation Outline
= Project Motivation
= Measurement Principle
= Proof of Concept Experiment
= Signal Processing Algorithm
= Free Space Coupling
= Conclusion and Questions
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—f
Schiaparelli enters atmosphere

Time: 0 sec
Altitude: 121 km
Speed: 21 000 km/h

Heatshield protection during
Time of maximum heating: 1 min 12 sec

ey

| Parachute depluy's"‘

Front shield separates, radar turns on

Parachute jettisoned with rear cover

Time: 5 min 22 sec
Altitude: 1.2 km
Speed: 240 km/h

Time: 5 min 23 sec

Altitude: 1.1 km

Speed: 250 km/h e
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2
Thrusters off; freefall

Time: 5 min 52 sec
Altitude: 2 m A
Speed: 4 km/h

Time:5 min 53 sec

Altitude: 0 m
Speed: 10 km’h
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o
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Credits: ESA/ATG mediolob European Space Agency
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MEASUREMENT PRINCIPLE
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The Whispering Gallery Mode
- Resonance Conditon:2mrng =1A forr > A

To Photodiode
A

Light Optical Fiber

- Very High Q-Factor Sensing (Q = % > 107)
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Single mode

Optical fiber

Tunable laser

Microsphere

: Tapered fiber photodiode
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SIGNAL PROCESSING

11 January 2018 15 of 24
AMT-06, Velocimetry |



LYLE

SCHOOL OF ENGINEERING

JAIAA SMU

The World's Forum for Aevospace Leodership
Data from Selected Ensembles
4.0 -
3.5 /V'/\ \ r/Useable
5
3.0 - g !
> | \
5 2.5 1 |
C |
2 \
[ .
=297 Potentially Useable
(o]
5 1.5
<
1.0
Worst Case
0.5 -
0.0 -
0 2000 4000 6000 8000 10000
Data Index

11 January 2018 16 of 24

AMT-06, Velocimetry |



LYLE

SCHOOL OF ENGINEERING

JAIAA SMU

The World's Forum for Aerospace Leodership

Variance Histogram

70

[*)]
o
I

l

Frequency
n
o

w
o

N
o

=
o

0 TRSSPPPY TN PSP OO TN Y PPY Y B by
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Variance

11 January 2018 17 of 24
AMT-06, Velocimetry |



70

60

Frequency
w N
(@] o

10

:

iy SMU. LYLE

The World's Forum for Aerospace Leodership SCHOOL OF ENGINEERING
Raw Data and Ensemble Averages by Variance Cut-Off
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» Conclusions

= Demonstrated measurement of Doppler-shifts of laser
light scattered from a moving target

= Due to high resonator Q-factors, very small changes in
the velocity can be determined
— Current results indicate a 2.4 m/s velocity resolution

= Demonstrated a signal processing approach that may
mitigate the effect of signal dropout

= Demonstrated a direct (free-space) coupling approach
to further mitigate effect of signal dropout
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QUESTIONS?
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