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Distributed optical fiber sensors

 Based on light scattering phenomena: Rayleigh, Raman and Brillouin;

 Requires access to only one end of the optical fiber;



Motivations: Distributed optical fiber sensors

 Advantages

 Electromagnetic immunity, feasibility for
hazardous inviroments;

 Adaptative range and resolution, high
reconfigurability;

 Small dimensions;

 Can be embedded inside structures;

 Feasible for multiparameter monitoring;

 Track simultaneous events;



Rayleigh scattering theory

Basic phase-OTDR (DAS) configuration



Rayleigh scattering theory



Phase-OTDR: basic experimental setup
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SHM: Composite material with embedded
optical fibers



SHM: Composite material with embedded
optical fibers



Experimental results: vibration measurements
in composite material

Composite under vibration



Experimental results: vibration measurements
in composite material



Experimental results: vibration measurements
in two layers of composite
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Experimental results: vibration measurements
in two layers of composite
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SHM: Optical fiber coil mesh for 2D and 3D surfaces
monitoring using phase-OTDR

 Characterization of avionics surfaces in ground
testbeds

 2D or 3D surfaces

 Advantage over multiple point sensors: cheaper
and easier to multiplex data;

 Spatial resolution is limited by the coil diameter
and can be around a few centimeters;



Experimental results:



Experimental results:

Multiple simultaneous disturbance points



Experimental results:
mHz vibration frequency sensitivity



Experimental results:
mHz vibration frequency sensitivity



Real-time distributed optical tuneable
microphone based on phase-OTDR

 Real-time detection of intruders: footsteps,
vehicles, digging machines;

 Sound is created through vibrations!

 Novel proposal: phase-OTDR technique applied
as a real time distributed tuneable microphone;

 Applications

 Surveillance: perimeter security of military
facilities, borders and power plants;

 Structure health monitoring: analysis of the
structure status by evaluating how it sounds;

 Industrial facilities: detecting malfunction in
multiple machines in an workshop;



Real-time distributed optical tuneable
microphone based on phase-OTDR



Experimental results

Composite knocking

Classic music

Acquired soundwaves

Voice

Music



Conclusion
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Distributed optical fiber sensing as key enabling technology!
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