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Background and motivation

Instead of flying the LDV (problematic), let’s just fly a mirror and use a D-LDV…
…but, which possible configuration to use?!:
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Mathematical modelling

Vector-based approach shows velocity sensitivity for each (all possible) scenarios:
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Lab-based verification – 
mirror vibration…setup:
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Lab-based verification – 
mirror vibration…results:
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Excellent agreement in the presence of (translational) mirror vibration…
 …QTec reference measurement vs. mirror vibration (velocity) vs. D-LDV measurement
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Lab-based verification – 
(tethered) UAV vibration…setup:

(Vibrating) 
mirror Mirror 

accelerometer

UAV 

Target 
loudspeaker

Multi-channel
oscilloscope

Function 
generator

Power 
amplifier

VibroFlex QTec beam

D-LDV reference beam

D-LDV measurement beam

Stationary 
retro-reflector
(for D-LDV ref.)

Vibrometer 
controllers

Laptop



© UTS 2024 – KINDLY DO NOT CIRCULATE/REDISTRIBUTE WITHOUT EXPLICIT ORIGINATOR PERMISSION

9

Lab-based verification – 
(tethered) UAV vibration…results:

Reasonable? agreement, despite more complex mirror vibration, including rotation/bending…
…QTec reference measurement vs. mirror vibration (velocity) vs. D-LDV measurement
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Field-based verification – 
UAV flyable mirror…setup:
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Field-based verification – 
(tethered) UAV vibration…results (20 Hz target vibration):

Promising? agreement, despite much more challenging measurement scenario…
…Acc. reference measurement (velocity) vs. D-LDV measurement; mirror vibration not used…
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Summary and conclusions

Differential LDV explicitly shown to be inherently insensitive to (translational) vibration
 Not surprising that it’s sensitive to angular vibration!?
Proper configuration for D-LDV measurements via Flyable Mirrors determined
 Both beams travel to and from the remote target of via the vibrating mirror
Series of increasing complex, experimental scenarios described
 Benchtop, vibrating mirror – excellent agreement
 Benchtop, tethered UAV – reasonable agreement
 Field-based, flyable mirror – promising agreement 
Next steps should include:
 Use of signal diversity (mitigate laser speckle sensitivity)
 Treatment of D-DLV sensitivity to angular vibration
 Integrated control of LDV pointing/UAV positioning



© UTS 2024 – KINDLY DO NOT CIRCULATE/REDISTRIBUTE WITHOUT EXPLICIT ORIGINATOR PERMISSION

13

Some references

Differential Laser Doppler Vibrometer Measurements Using 
“Flyable Mirrors” for the Vibration Assessment of Remote 
Structures – under review MSSP:
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5189527 

…and…

Measuring Vibrations in Large Structures with Laser-Doppler 
Vibrometry and Unmanned Aerial Systems: A Review and 
Outlook – recently accepted(!) Advanced Devices and 
Instrumentation (SPJ): 
http://hdl.handle.net/10453/186218 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5189527
http://hdl.handle.net/10453/186218
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