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Glas faserüberwachung
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Generiert mit CT AI, Timon Käch
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Datenkabel

Hangsicherung
Verkehr

Gas
Strom

Tunnel
Brücken

IT Security

Kommunikation

Verantwortung für Kritische Infrastruktur
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Glasfaserüberwachung

ÅWasserversorgung und Abwasser

ÅEnergieversorgung

ÅKommunikation

ÅIT & Daten

ÅTransport und Verkehr Logistik

ÅMedizinische Versorgung

ÅLebensmittel-Versorgung

ÅFinanzwesen

ÅStaat und Verwaltung

ÅMedien und Kultur

ÅAbfallentsorgung

Kritische Infrastruktur

Generiert mit CT AI, Timon Käch



EmitecGroup
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Klassisch
F iber  Mon i to r ing
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Glasfaserüberwachung

ÅOTDR

ÅOptischer Switch

ÅReferenzmessung

ÅStart Monitoring

ÅAlarming

ÅGIS Integration

KlassischesMonitoring
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Glasfaserüberwachung

Glasfaserkabel

Messung auf einer freien Faser

1310,1550, 1625nm

OTDR und Switch

Kabelüberwachung
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Glasfaserüberwachung

WDM

1650nm

OTDR und Switch

Live Traffic

Live Traffic + OTDR

OTDR Bypass

FWDM     AMP          ROADM          FWDM Filter

Aktive Faserüberwachung
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Glasfaserüberwachung

ZentralisiertesOTDR



EmitecGroup

#1 in Test & Measurement, worldwide.

Infrastruktur 
nutzen für 
passive Sensorik
Sensoren
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Glasfaserüberwachung

ÅTüren

ÅSchächten

ÅMuffen

ÅFüllstand von Schächten

ÅZustand von Kabinen und Masten

...

ÅhƘƴŜ {ǘǊƻƳΣ hƘƴŜ LƴǘŜǊƴŜǘΧΦ

ÅRein passiv und klare Aussage 1/0

Wäre das nicht cool, ich hätte eine 
Überwachung von:

Generiert mit CT AI, Timon Käch
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Glasfaserüberwachung

ÅBestehende Glasfaser Nutzen

ÅKann eine aktive Faser sein

ÅSensoren in Serie schalten

ÅVon zentralem Ort überwachen.

ÅKönnen nicht von aussen gestört 
oder unterbrochen werden.

Diese Sensoren gibt es:

Coming soon:



EmitecGroup

#1 in Test & Measurement, worldwide.

Faser als Sensor
F iber  Sens ing
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Glasfaserüberwachung

Faser als Sensor

ÅRein passiv

ÅMessequipment an einem Ort

ÅKeine zusätzliche Sensorik nötig

ÅGrosse Reichweite

ÅEchtzeit Daten
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Glasfaserüberwachung

Acoustic Sensing (DAS)

ÅVibrationen und Geräusche
Faser als Mikrophon

ÅPerimeter Schutz

ÅPipelines (Leck)

ÅFahrzeuge

ÅBauarbeiten

ÅMessen mit einem Rayleight OTDR
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Glasfaserüberwachung

ÅTemperatur entlang der Faser
Faser als Thermometer

ÅBrandfrüherkennung

ÅStromkabel-Überwachung

ÅTransformator-Überwachung

ÅGeotechnische Überwachung 
(Bohrungen)

ÅMessen mit einem Raman OTDR

Temperature Sensing (DTS)
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Glasfaserüberwachung

(Dehnung) Strain Sensing (DSS)

ÅMechanische Belastung
Faser als Zug- und Drucksensor

ÅBauwerksüberwachung (Brücken, 
¢ǳƴƴŜƭΣ {ŎƘƛŜƴŜƴΧύ

Å9ǊƪŜƴƴǳƴƎ Ǿƻƴ 9ǊŘōŜǿŜƎǳƴƎΧ

ÅMessen mit einem Brillouin OTDR

Coming soon:



Glasfaserüberwachung
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Vielen Dank

Thomas Käch
t .kaech@mesomat ic .ch
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Distributed Fiber Optic Sensing for 
Infrastructure Monitoring

12.06.2025

Dr. Massimo Facchini

Can you feel it
FiberSensing



Outline Der Vortrag beleuchtet den Einsatz der Distributed 

Fiber Optic Sensing (DFOS)-Technologie in 

Verkehrsinfrastrukturen wie Tunneln, 

Eisenbahnstrecken, Brücken und Strassen sowie in 

geotechnischen Kontexten wie der Überwachung von 

Pfählen, Erdrutschen, Bohrlöchern und 

Hochwasserschutz vorgestellt. 

Projektbeispiele aus der Praxis zeigen die Bedeutung 

von DFOS für die Verbesserung der baulichen 

Sicherheit und die Erkennung von Umweltrisiken.

Outline



Iridis Solutions: Synergies



Fiber optic sensing

ÅTargeted sensitivity to different physical 
parameters: STRAIN, TEMPERATURE; 
I¦aL5L¢¸Σ Χ

ÅLong spatial range (typically up to > 50 km) 
monitoring totality of large structures

ÅContinuous monitoring: spatially 
distributed or multi-point

ÅReal-time monitoring

ÅCompatibilitywith on-hand 
communication systems

ÅCost-effective (for large number of 
measurement points)



Distributed Strain, Temperature, Acoustic sensing

1. Pavement and railway condition control
2. Structural elements
3. Supporting structure
4. Pile monitoring

5. Geotechnics (e.g. landslides)
6. Tunnel SHM
7. Traffic control ςreal time (requires dynamic 

measurement system)

1
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Fiber optic sensing: advantages

o Multi-point or spatially distributed

o Different fiber optic sensing technologies:

ÅRayleigh

ÅRaman

ÅBrillouin

ÅC.Dǎ Χ

o Long spatial range, monitoring totality of 
large structures

o Targeted sensitivity to different physical 
parameters Hot spot

Leakage



Technology overview: DAS, DTS, DTSS

Rayleigh DAS

Raman DTS

Brillouin DTSS



Smart structures for the 21st century

16.06.2025 35

Managing the risks

Integrity and condition monitoring for

targeted and timely repairs

Enhancing production efficiency

Structural health monitoring: Getting the whole picture on 

workload, hotspots, throughput and load capacity

Ensuring safe operation

Early damage detection to prevent 

failure and minimize downtimes



Applications: Pipelines & Boreholes
Leakage/deformation monitoring

Á Exploration/extraction boreholes

Á Geothermal energy and mining

Á Oil/gas transport

Á Chemical industry

Technology provider offers

Á 100 km pipe monitoring with 1 system

Á Deformation measurement on the pipe, inside the 

pipe and in the ground

Á Industry - leading precision for earliest failure 

detection

Minimize downtimes, optimize production efficiency 

and prevent failures with uninterrupted continuous 

monitoring!



Applications: Mining
Open - cast and underground sites

Á Slope stability in seismic areas

Á Structural health of tailings dams

Á Condition monitoring along  conveyor belts

Á Safety for shafting and tunneling

Technology provider offers

Á Uninterrupted, real - time deformation monitoring

Á Failure prevention by early detection of slope 

breaks, settlements, etc.



Applications: Offshore & onshore power 
cables

Monitoring of high voltage cables

Á Uninterrupted hotspot detection

Á Washout, scouring, settlement detection along 

subsea cables

Á Foundation monitoring of offshore wind parks

Technology provider offers

Á Robust and precise temperature measurements in 

standard cable designs

Á Strain and deformation measurements for failure 

prevention

Á A wide -spread industry network for new approaches 

to smart cable designs



Applications: Geotechnical infrastructure
Structural health monitoring :

Á Fatigue monitoring of bridges, tunnels, dams, roads 

and landfills

Á Failure prevention of hydropower and flood 

protection systems

Á Rail, track and embankment monitoring for high -

speed railway

Technology provider offers

Á Earliest detection of settlements, landslides, ground 

breaks, cracking 

Á Experience in sensor installation and project 

planning for soil and concrete installations

Á An international network of system integrators and 

geotechnical experts



Geotechnical monitoring and smart geosynthetics



Tunnel deformation monitoring:
SemmeringBase Tunnel, AT
Ongoingexcavationandconsolidationactivitieson the 27.2 kmlongrailwaytunnel.

41
Monsberger, Lienhart: "Distributed fiber optic shape sensing along shotcrete tunnel linings: Methodology, field applications, and monitoring results." 
Journal of Civil Structural Health Monitoring, 2021.



Tunnel deformation monitoring: SemmeringBase 
Tunnel, AT

Shapesensingin shotcretetunnelliningsandshaft:

ÅFiber-opticstrainsensingcablesinstalledin crosssectionsof tunnelsandshafts

ÅSensorpositionreferencedbylaserscans

ÅDisplacementmeasurementsfrom DFOScombinedwith geodeticreadings

42
Monsberger, Lienhart: "Distributed fiber optic shape sensing along shotcrete tunnel linings: Methodology, field applications, and monitoring results." 
Journal of Civil Structural Health Monitoring, 2021 .



Tunnel deformation monitoring: SemmeringBase 
Tunnel, AT

Shapesensingin shotcretetunnelliningsandshaft:

ÅFiber-opticstrainsensingcablesinstalledin crosssectionsof tunnelsandshafts

ÅSensorpositionreferencedby laserscans

ÅDisplacementmeasurementsfrom DFOScombinedwith geodeticreadings(TUNNELCONVERGENCE)

43
Monsberger, Lienhart: "Distributed fiber optic shape sensing along shotcrete tunnel linings: Methodology, field applications, and monitoring results." 
Journal of Civil Structural Health Monitoring, 2021 .



Slopestabilitymonitoring: Longsgrabendisposalsite

44

Longsgrabendisposalsiteduringthe SemmeringBaseTunnelexcavation

(photo courtesy Austrian Federal Railways © ÖBB/Ebner)

Rerouting the stream



Slopestabilitymonitoring: Longsgrabendisposalsite

45

Geogrid and sensing cables deployed within the earth retaining structure

Lienhart W, Buchmayer F, Klug F and Monsberger CM Distributed fibre -optic sensing applications at the Semmering Base Tunnel, Austria. Proceedings 
of the Institution of Civil Engineers ïSmart Infrastructure and Construction, https://doi.org/10.1680/jsmic.20.00006



DTSS* Applications in Railway Monitoring
* DTSS: DistributedTemperatureandStrainSensing

Fiber-optic sensing cable positions 
for ground movement detection

Solutions

ÁSubsidence in geotechnically unstable environments

ÁSlope monitoring

ÁEarly prevention of critical deformation

Ą Minimizing repair costs and down times



Sinkhole at railway embankment

47
Großwig , W. et.al. ñApplication of distributed Brillouin
optical fiber sensor systems in geo -technical monitoringò, 6th Asia Pacific Optical Sensors Conference, Shanghai, 10.-14.10.2016

Á Subsidence monitoring in sinkhole region

Á Long - term measurement over 3 years

Á Installation of sensing cables buried in track ballast



In the field: Sinkhole at railway embankment
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Großwig , W. et.al. ñApplication of distributed Brillouin
optical fiber sensor systems in geo -technical monitoringò, 6th Asia Pacific Optical Sensors Conference, Shanghai, 10.-14.10.2016



DAS: Railway track monitoring

Å400m long Velaro/Eurostar, acceleration
ÅIn image-plot vertical intensity variations 
correspond to axles

ÅTime signal shows each car as time 
distribution in acoustic amplitude

Ref.:



Rockfall Monitoring by 
means of DFOS
ÅRockfall onto the track can be potentially 

catastrophic to a train, if large enough, the 
debris can cause a derailment.

Distributed strain sensing



Rockfall Monitoring by means of DFOS

ÅProvide accurate, reliable early warning 
system, for easy and comprehensive 
deployment on rail network

Á Detect a football-sized rock

Á Comprehensively cover 100 m site

Á All-weather working

Á Location of event

Á Photo verification

Á Near real-time

Á Data available on online platform



Results
Wireless camera image ïtriggered automatically by sensors

Photo of instrumented fence and 350 mm rock 

Wireless monitoring time data ïdraw wire and tilt meter

Fibre optic spatially distributed strain sensing data



Bridge fatigue monitoring
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New construction with embedded sensors:

Á Monitoring system less than 1% of project cost

Á Decades of prolongation of life span expected 

due to monitoring system

Thomas Angerer , Massimo Penasa: ñDigitaler Zwilling für Intelligentes Monitoring ïBeispiel Terfener Innbrücke ." 4. Interalpine Bautage , 2021.



Bridge Monitoring / Digital Twin
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Distributed sensing data is fed to a Digital Twin of the bridge for real - time condition monitoring



Smart Monitoring by Fiber-Optic Sensors of Strain 
and Temperature of a Concrete Double Arch Dam

Ponte Cola dam, a concrete dam located close to Garda Lake in the Valvestino valley (Brescia).

Brezzi, L., Schenato, L., Cola, S., Fabbian, N., Chemello, P., Simonini, P. (2023). Smart Monitoring by Fiber-Optic Sensors of Strain and Temperature 

of a Concrete Double Arch Dam. In: Ferrari, A., Rosone, M., Ziccarelli, M., Gottardi, G. (eds) Geotechnical Engineering in the Digital and Technological 

Innovation Era. CNRIG 2023. Springer Series in Geomechanics and Geoengineering. Springer, Cham. https://doi.org/10.1007/978-3-031-34761-0_20



Smart Monitoring by Fiber-Optic Sensors of Strain 
and Temperature of a Concrete Double Arch Dam

Brezzi, L., Schenato, L., Cola, S., Fabbian, N., Chemello, P., Simonini, P. (2023). Smart Monitoring by Fiber-Optic Sensors of Strain and Temperature 

of a Concrete Double Arch Dam. In: Ferrari, A., Rosone, M., Ziccarelli, M., Gottardi, G. (eds) Geotechnical Engineering in the Digital and Technological 

Innovation Era. CNRIG 2023. Springer Series in Geomechanics and Geoengineering. Springer, Cham. https://doi.org/10.1007/978-3-031-34761-0_20



St Moritz-Brattas Landslide



Road-embedded FO sensor:
landslide boundary evaluation 
ÅTo locate the boundary shear zone, it was decided to instrument the road with a fiber-optic sensor cable.

Cross section of the trench instrumented with 
strain sensing fibers

Street with part of the trench and upper shaft 
position at the far end of the trench

02/10/2019 58Ref: έbƻǾŜƭ ŀǇǇƭƛŎŀǘƛƻƴǎ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ ŦƛōŜǊƻǇǘƛŎ ǎŜƴǎƛƴƎ ƛƴ ƎŜƻǘŜŎƘƴƛŎŀƭ ŜƴƎƛƴŜŜǊƛƴƎέΣ aƛŎƘŀŜƭ LǘŜƴ  



Road-embedded FO sensor: landslide 
boundary evaluation 

02/10/2019 59Ref: έbƻǾŜƭ ŀǇǇƭƛŎŀǘƛƻƴǎ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ ŦƛōŜǊƻǇǘƛŎ ǎŜƴǎƛƴƎ ƛƴ ƎŜƻǘŜŎƘƴƛŎŀƭ ŜƴƎƛƴŜŜǊƛƴƎέΣ aƛŎƘŀŜƭ LǘŜƴ  

Strain distribution along the sensing cable (year 1 to 2)



Picture: Wikimedia commons
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Power cable strain monitoring, Singapore

In cooperation with AP Technologies Inc., South Korea

Á Live strain monitoring during subsea cable 

installation from vessel

Á Proof -of-concept for comprehensive sensing system 

along with DTS and DAS



DPS* for monitoring filtration, internal and 
external erosion of riverbanks and riverbeds

Le Rhône élargi, à Viège (VS), © Kanton Wallis

Main objectives of the project:

ü Stability issues of levees

ü Erosion and scouring of riverbeds and 
embankments

ü Interchange between groundwater and 
river flow

Failure of the levee of San Matteo along the 
Secchia river near Modena (IT) -2014

Sensor design:



https://www.rivadelpo.it/2000/10/21/dossier-contuga/

DPS* for monitoring filtration, internal and 
external erosion of riverbanks and riverbeds
*Distributed Pressure Sensor

https://www.rivadelpo.it/2000/10/21/dossier-contuga/


DPS* for monitoring filtration, internal and 
external erosion of riverbanks and riverbeds
*Distributed Pressure Sensor



DPS* for monitoring filtration, internal and 
external erosion of riverbanks and riverbeds

DPS measurement results
in the field (Borretto)



DPS* for monitoring filtration, internal and 
external erosion of riverbanks and riverbeds

soil stability evaluation measurewater column implement tsunami warning



Conclusions
ÅDistributed fiber optic sensing offers the opportunity 

to assess and mitigate potential risks and 

challenges in the natural and built environment

Åenhanced safety

Åcost savings in long-term maintenance

Åearly event detection

Enable realization of a resilient and sustainable infrastructure.



Contact

Massimo Facchini, PhD

Iridis Solutions GmbH

Zürich, Switzerland

massimo.facchini@iridis-solutions.ch

www.iridis-solutions.ch

www.linkedin.com/in/massimo-facchini-3279a212

mailto:massimo.facchini@iridis-solutions.ch
http://www.iridis-solutions.ch/
http://www.linkedin.com/in/massimo-facchini-3279a212




ò  Warum die Schweiz, 

trotz Alinghi, keine 

Insel istéó

© Philippe Schiller



Eine Plaudereiüber 

òHusarenstreicheó,die darauf folgende

Ratlosigkeit,kommunikative

Ausrutscher& Ausredené und wie 

man sievermeidenkönnte /hättekönnen . . .

© Thierry Martinez


