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Crash Site

* Thrusters Off State
* Burn Time: 3s (of >30s)
* Altitude: 3.7 km
* Velocity: 250 km/h

- Impact ?,Q ;
 Termin \/%ity
. T%e +300-540 km/h




State-of-the-Art Velocity Sensing

- Dead Reckoning Techniques
» Celestial Navigation
» Magnetic Navigation
* Inertial Navigation System (INS)

+ Often called: Inertial Measurement Units (IMU)
- Static-Pitot System
* Global Nayigation)Satellite System (GNSS)
* U.S BasedGlobal Positioning System (GPS)
* LIDAR.and LDV/PIV
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Desirable Sensor Characteristics : IKSQ

- Physically Small P,.
» Lightweight . 5 ®
* High Resolution D\“

* Non-invasive to the Flo &3
+ High and Adjustgble Bapth of Field
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Previous WGM Applications : 1 \Se

- Chemical Impurity Detection in Liquids b
* Opto-Mechanical Transducers/Sensor 5

* Mechanical Sensing
* Force ‘A&\

» Temperature

» Wall Shear Stress Ilcatlons
* Electric-Fiel S%

Magnetic-Fi Sensing
o1 Sl






Desirable Sensor Characteristics : IKSQ

- Physically Small v P,.
» Lightweight . v 5 ©
* High Resolution D\“
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Doppler Shift Measurement

- Reflection
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Doppler Shift Measurement




The Whispering Gallery
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The Whispering Gallery Mode

o ’ " To Photodiode
% JPP— ' TG . -

Light Optical Fiber
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WGM Spectra
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Quality Factor 0 =3

* Quality Factor Sets WGM-based Sensors Apafi
Q=107 routinely achieved in the Micro SensoriLab
- Q=10"" achieved under optimal conditions
Q=10 theorized for certain matgetials and wavelengths of light

 Measurement Resolution

» For a wavelength.of,639nm»Q=6x 10° gives a 10 fm wavelength
resolution

» Correspandst@ 2.4 m/s Speed Resolution
-gFull Backscatter Configuration
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Desirable Sensor Characteristics : lxge

- Physically Small v P,.
» Lightweight . v 5 ©
- High Resolution B\“

* Non-invasive to the Flo &3
+ High and Adjustgble Bapth of Field
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Overall System Schematic
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The Transmit/Receive Telescope

SiC primary
SiC tube
Invar-36 secondary mount

SiC secondary

Sapphire window
Lapping spacer

Fiber ferrule

Fiberguide industries gold
coated fiber

Transmitter




Desirable Sensor Characteristics : lxge
- Physically Small v P,.
» Lightweight v 5 ©

- High Resolution &.\“
v

* Non-invasive to the Flow\:a

- High and Adju %@o of Field v
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Tuning Methods

Piezo-Tuning of Resonator

2wtrnyg=1A41

Laser-Tuning of"Resonator




Piezo-Tuning of WGM Microresonators
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Piezo-Tuning of WGM Microresonators
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Laser-Tuning of WGM Microresonators
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Piezo-Modulated Resonance Excitation
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Piezo-Modulated Resonance Excitation : 1 \$e
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Piezo-Modulated Resonance Excitation«"se’
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Piezo-Modulated Resonance Excitation Results

* Measured Frequency Shift

- Actual Frequency Shift
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Laser-Modulated Resonance Excitation
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Laser-Modulated Resonance Excitation -\56
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Laser-Modulated Resonance Excitation
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Laser-Modulated Resonance Excitation
Results
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Laser-Modulated Resonance Excitation Results

Manual Dip Detection

MDD Least Squares Regression
Automatic Dip Detection

ADD Least Squares Regression
Crass correlation

CC Least Squares Regression
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Free-Space Coupled Resonator Experiment
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Free-Space Coupled Resonator Experim '\$e
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Free-Space Coupled Resonator Experiment Regults

+ Scattenng Spectum {(Intal)
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Signal Processing Motivation

Data from Selected Ensembles
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Variance Filtering

Variance Histogram
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Variance




Variance Filtering Results

Raw Data and Ensemble Averages by Variance Cut-Off

Unfiltered Average
Variance > 0.05
Variance > 0.1
Variance > 0.2
Variance > 0.4
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Variance Filtering Results

Cross Correlation Vector by Variance
48Hz vs. 48Hz

Variance Threshold
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Variance Filtering Results

Cross Correlation Vector by Variance
120Hz vs. 48Hz
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Variance Filtering Results
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Cross-Correlation Results by Variance

Manual Dip Detection
Variances ==0

Variances ==0.001
Variances >=0.007
Variances >=0.013
Variances >=0.019
Variances >=0.025

Actual Shift

Actual Shift (Upper Bound)

— — — Actual Shift (Lower Bound)

100 150
Disk Frequency, HZ




Variance Filtering Results
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RMSD vs. Variance Filter Cut-Off, for MDD and CC Results
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Conclusion

 Explored Various Tuning and Coupling Methodologies

* Demonstrated Doppler Shift Detection framea Solid Moving
Target is Possible

- Demonstrated the Need for agd Tested a New Signal
Processing Approach taMitigate Intermittent Signals

- Results Were Very Encauraging

* At the Proafsof-Congept level, we were able to measure Doppler shift
due to relative mation, with a miniaturized single-beam LIDAR device

- We were able to overcome or mitigate some of the major challenges
of this-method
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