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Copy from Nature
Smart sensor network

What does make a nerve?
- a string with integrated sensors

What does a nerve detect?
- temperature

- pressure

- chemistry

Can we engineer artificial nerves?
- yes, just use an optical fiber
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Femtosecond Laser Micromachining
A nice tool

100 fs transparent

material
—>»

—"
—

objective

E. Mazur, Harvard University

Transparent material isn’t transparent any more! Femtosecond light pulses get absorbed
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Femtosecond Laser Micromachining
A nice tool

What temperature?

AE = CypV AT
Cy =075 Xx10°Tkg 'K !

p=22 X 10’ kg/m’

So, 1 uJ in 1 um? gives

~1,000,000 K!

Things can get mighty hot at the focus of even fairly low energy femtosecond laser pulses
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Femtosecond Laser Micromachining
A nice tool

What pressure?

Treat ionized material as an ideal gas:

pV = nRT
Gives

p = 10 MBar!

Not to mention the pressure ...
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Fiber Lab
Sub-micron ultrafast laser machining

Optical waveguides Fiber Bragg Gratings Micro-machining
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Fiber Lab
Fiber Bragg Grating (FBG) Sensor in standard single mode glass fibers

FBG S —
FB(.S.} ........
7V ; Transmitted
Input P\
P N =
?%6.0‘... A

3

Bragg condition:

ANg= 2% N g *N\
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Fiber-Optical Sensors: Applications
Fiber optical sensors and sensor folls

- Temperature and strain sensing
« 3D shape sensing
« Scattering center for spectroscopy

Position mapping
3D form reconstruction
Pressure sensing
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Thin foils for force and pressure sensing
Polymer foils and ultra-thin glass foils

On polymer foil* Thickness: 50-300 pum
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On ultra-thin glass

Wavelength (nm)

Thickness: 30-100 pum
Sensitivity: 2.8 pm/psi

Pending patent
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Department Fiber Optical Sensor Systems - FiberLab

FiberLab - Sensor Tool Box Contact pressure sensor

Acceleration/vibration sensor

—
—a T ryanannoalex
[N

Gas concentration sensor
(e.g. hydrogen)

300 400
Frequency (Hz)

Innovative readout systems
(spectrometer)

Temperature sensor
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FiberLab: Bending information by 3D Shape sensing
Processed by femtosecond laser

1.) Multicore fiber 2.) Cladding waveguide (CWG) Fiber

Bragg grating (FBG)

FBG
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C. Waltermann, A. Doering, M. Kéhring, M. Angelmahr, W. Schade,
Cladding waveguide gratings in standard single mode fiber for 3D shape
sensing, Optics Letters 40 (13), 3109-3112 (2015).
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3.) Edge core FBG

| FBG

II:' ' ':I 1] ,

Reflectivity (%)
- N w A B N @
—T T

C. Waltermann, K. Bethmann, A. Doering, Y. Jjang, A.L.
Baumann, M. Angelmahr, W. Schade, Multiple off-axis
fiber Bragg gratings for 3D shape sensing, Applied Optics
57 (28), 8125-8133 (2018).
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From Simple Strain to 3D shape — 3D reconstruction
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BMBF Project OptiSCOPE OptiSCOPE

Fiber optical 3D shape sensing P S

Measuring accuracy with CWG Sensor for complex bending in a
large spatial range: 1 cm on average (35 cm sensor length; 5 sensor
nodes)
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BMBF Project OptiSCOPE
Fiber optical 3D shape sensing
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C. Waltermann, A. Doering, M.
Kohring, M. Angelmahr, W.
Schade, Cladding waveguide
gratings in standard single
mode fiber for 3D shape
sensing, Optics Letters 40 (13),
3109-3112 (2015).
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Deep-learning-based high spatial resolution fiber shape sensing

Cooperation with University of Basel

.\un:nlum] lulmml\ la. v

o 2
X [pm] Wavelength [um]

FBG configuration and worklng pr|n0|ple of the eFBG
sensor

tip error  mm] RMSE [mm)]
dataset method median IQR median QR

MFD 111.3 121.5 59.4 T1.7
Testq

DL 2.1 2.6 1.5 1.6
Tests MFD 98.5 46.0 53.8 29.1
DL 17.1 12.6 9.5 7.0
Tests MFD 39.5 34.7 17.1 158.3
DL 6.0 9.0 5.1 6.6
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Distance and surface
\\/ i g  Mapping optical fibers
Communications Engineering - An open access journal from the Nature
Portfolio:

S. Manavi Roodsari, S. Freund, M. Angelmahr et al. Deep learning-based
approach for high spatial resolution fibre shape sensing. Commun Eng 3,

[7] Batch Normalization [ Max Pooling [ Fully Connected
[T] ConvID [J ReLU I"1 Dropout

Encoder Network Regressor

— | — -

¢ Ground Truth
Input Spectra :
——— Predicted Shape

Normalized Intensity

Architecture of the best-performing configuration after hyperparameter tuning
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FiberLab — EU Project Palpable R;]poble

Multi sensing tool for Minimally Invasive Surgery (MIS)

Development of a novel tactile sensing probe

= for the identification and visualization of tissue
abnormalities .

Distance/Curvature
' Sensors
i 5 |
By ; Wave-
e : 2 guides ®
\ 4 | Distance and surface Palpation —=
/ T — ———_ . . . |
.. b\y : ! Mapping optical fibers o & .
PDNQOLE S - -

Indicative example of minimaly im/asie surgery
(MIS)

https://cordis.europa.eu/project/id/101092518/de

This project has received funding from the European Union’s Horizon Europe programme under grant agreement No 101092518
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https://cordis.europa.eu/project/id/101092518/de

EU Project Palpable ﬁ)lpoble

First prototype sensor

" —————
Intensity drop by

Evaluation unit:
CCD camera

"""""""""

-~ = :

Non-planar
pressure
sensor
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FiberLab: Example Cyber Glove
...as multifuncional sensor device

Finger tracking system

Readout system

Temperature
monitoring system ‘

’ Applications:
 Human-machine interface (VR/AR)
« Medical sector (expanding human perception)

Contact pressure
monitoring system

\
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Cyber glove based on FiberLab platforgg
Augmented reality

Ill 10D doamas

Features
= Motion capturing
= Temperature and pressure sensing

= Communication with data
helmet/smart glasses (AR, VR)

= Safe working place / medical sector

LaserFocusior!d

Photonics
enables the _
Internet of o °
Things...

Y. Jiang, V. Reimer, M. Angelmahr, T. Schossig, W. Schade, Fiber optical
multifunctional human-machine interface for motion capture and contact pressure
monitoring, Advanced Photonics, Swiss (2018).
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Fiber Optical 3D Shape Sensing
Ultra High-Resolution Seismic Streamer

Exploration of maritime sea ground in shallow water

Application
g S'9nal source High-precision imaging of seabed layers for wind park
L‘. | construction using seismic methods
I,L

\ Technology

Femtosecond laser processed fiber optical 3D shape
sensors for high precision measurements

Planned global 3D Shape sensing 10 LY
offshore wind capacit for high precision measurements |, il Our Offer

520 GW

sensors [ High-resolution streamer. Expertise in fiber optical 3D
7 shape sensing
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Fiber-optical Evanescent Field Spectroscopy
Gas detection
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Project ,H2CarbonSens”
Hydrogen resistant fiber Bragg grating sensors

Single-mode glass fiber with

core and cladding | Long term hydrogen resistant fiber optical sensors

Acrylate coating

60pmlay§r: ol - USing

Hermetic carbon coating
50 nm layer
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Project ,H2-Security”
Hydrogen leak detection fiber Bragg grating sensors

Hydrogen leak detection fiber optical sensors:
* Reaction time < 1 minute

« Detection range: 0.3% up to 5%

«  Operating temperature up to 65°C
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Reference: A. Abdalwareth, G. Flachenecker, M. Angelmahr, W. Schade, Sens. And Actu.: Phys, 361 (2023).
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