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 Introduction



MED-SUV is an European project finalized to the study of  
Mediterranean volcanoes

Project Goal: development and implementation of a state-of-the-art 
infrastructure for the volcanic risk management life-cycle, from the 

observation to people preparedness, in southern Italy.



Fiber Bragg Grating
d

<latexit sha1_base64="RlTfY1i4HvLTp+peCGv11Welp84=">AAAB9XicbVC7TsNAEFyHVwivACXNiQSJKrJDAWUEDWUQ5CElVnS+bMIp54fu1qDIyifQQkWHaPkeCv4Fx7iAhKlGM7va2fEiJQ3Z9qdVWFldW98obpa2tnd298r7B20TxlpgS4Qq1F2PG1QywBZJUtiNNHLfU9jxJldzv/OA2sgwuKNphK7Px4EcScEplW6rw+qgXLFrdga2TJycVCBHc1D+6g9DEfsYkFDcmJ5jR+QmXJMUCmelfmww4mLCx9hLacB9NG6SRZ2xk9hwClmEmknFMhF/byTcN2bqe+mkz+neLHpz8T+vF9Powk1kEMWEgZgfIqkwO2SElmkHyIZSIxGfJ0cmAya45kSoJeNCpGKcllJK+3AWv18m7XrNOavVb+qVxmXeTBGO4BhOwYFzaMA1NKEFAsbwBM/wYj1ar9ab9f4zWrDynUP4A+vjGyLekcs=</latexit>

�b = 2ned
<latexit sha1_base64="iokX3kRUgkZjP7dKXvk4+Caeh2M=">AAACA3icbVA9SwNBEN2LXzF+JCrY2CwGwSrcxUIbQWJjmYCJQhKOuc2oS/b2jt05IQRLf4WtVmIjtnb+CQv9LW4SCzW+6vHeG2bmRamSlnz/3cvNzM7NL+QXC0vLK6vF0tp6yyaZEdgUiUrMeQQWldTYJEkKz1ODEEcKz6L+8cg/u0ZjZaJPaZBiN4ZLLS+kAHJSWCp2lAv3IIwOqzrEXlgq+xV/DD5Ngm9SPtpsfMqn2ls9LH10eonIYtQkFFjbDvyUukMwJIXCm0Ins5iC6MMlth3VEKPtDseH3/CdzAIlPEXDpeJjEX9ODCG2dhBHLhkDXdm/3kj8z2tndHHQHUqdZoRajBaRVDheZIWRrhHkPWmQCEaXI5eaCzBAhEZyEMKJmauo4PoI/n4/TVrVSrBXqTZcMTU2QZ5tsW22ywK2z47YCauzJhMsY3fsnj14t96j9+y9TKI573tmg/2C9/oFEXCa6g==</latexit>

��b = C""
<latexit sha1_base64="CqXUcKJcmZFanIIwzuCiLqqcweE=">AAACHHicbVC7SgNBFJ31bXxFBRubQRGswq4W2giiFpYRzAOyYbk7uerg7Owyc1cIwV/wE/wDO1ut0omtYKHf4iSmiImnOpxzD/feE2dKWvL9T29icmp6ZnZuvrCwuLS8Ulxdq9o0NwIrIlWpqcdgUUmNFZKksJ4ZhCRWWItvT3t+7Q6Nlam+pHaGzQSutbySAshJUXE3PENFECoXaUEUH51G4R0YzKxUqR6iUXHbL/l98HESDMj28cbFt3w66Zaj4lfYSkWeoCahwNpG4GfU7IAhKRTeF8LcYgbiFq6x4aiGBG2z0//onu/kFijlGRouFe+LOJzoQGJtO4ndZAJ0Y0e9nvif18jp6rDZkTrLCbXoLSKpsL/ICiNdVchb0iAR9C5HLjUXYIAIjeQghBNz113B9RGMfj9OqnulYL+0d+GKOWG/mGObbIvtsoAdsGN2zsqswgR7YM/shb16j17Xe/Pef0cnvEFmnf2B9/ED42OmQg==</latexit>

�b = FBG wavelength
ne = FBG refractive index

<latexit sha1_base64="lszOVFNHAhRzWSQS/R6bPUSg2rU="></latexit>

��b = wavelength variation
C" = proportionality factor
" = strain

<latexit sha1_base64="V77fZ2u5YwdSCUMutxWdQgOOCns="></latexit>



 Description of the Sensor



The Sensor
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<latexit sha1_base64="/hs3qgdTV37Qtoeli7JZtwIILnY="></latexit>



Interrogation System

Fiber Connector

SMA

Photodiode

Power
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Data

Fiber



 Measurements analysis and events



Strain data since May 2016



Eruptive Event December 2018

An electronic drawback caused the losses of December 2018 and January 2019 data 
Nevertheless it is clear the effect of the eruptive events that push and pull Z and 

WE sensors respectively of about 15 µε



Earthquakes 

Zafferana-Ragalna Earthquake 18-07-18 Central Italy Earthquake 30-10-16 

The recorded strain amplitude of the order of tens of nanostrains is in a 
very good agreement with the model suggested by Barbour and Crowell

A. J. Barbour and B. W. Crowell, Seismol. Res. Lett. 88, 354 (2017).

https://doi.org/10.1785/0220160155


Eruptive Event
Strombolian activity of first days of February 2017

Comparison between Vertical and East-West strain sensors with 
X and Y channels from the Monte Denza (MDZ) tilt station



Conclusions



Conclusions
Reached goals 

✓ Cheap instrument for long term 
monitoring 

✓ Fast Event detection 

✓ Eruptive event detection

Possible Improvements 

๏ Improvemet the data alaysis technique 

๏ New readout system 

๏ Array of sensors 

Thanks for your attention
More details can be found in: 

E. Maccioni, U. Giacomelli, D. Carbone et al, Rev. Sci. Instrum. 90, 094501 (2019)

https://doi.org/10.1063/1.5086516


Backup Slides



Strain Reconstruction
The core of this procedure is the combination of an Array 

Waveguide Grating (AWG) and the S-Ratio Technique

The AWG split the FBG reflected light in a series of output 
channels in function of the wavelength

The S-Ratio is the ratio between the difference and the sum of 
the output intensity of two consecutive AWG channels

In this way it is possible to detect wavelength change of the 
order of 1 nm that corresponds to a strain of 1 nε



Array Waveguide Grating

✦ 16 output channels separated by  
0.8 [nm], FWHM 0.6 [nm] 

✦ Temperature sensibility ⇒ 2 [pm/°C]

AWG scheme

✦ RED two consecutive output channels of AWG 
✦ BLUE FBG reflected intensity light



S-Ratio
S (��) =

CHn+1 (��)� CHn (��)

CHn+1 (��) + CHn (��)
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S-Ratio

Vertical

East-West

North-South

S (��) =
CHn+1 (��)� CHn (��)

CHn+1 (��) + CHn (��)
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