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Global Fiber Optic Sensor Market

US$ 3.47 Bill.

US$ 1.46 Bill.

2016 2017 2018 2019 2020 2021 2022 2023

1) WantStats Research And Media Pvt. Ltd.
2) MarketsandMarkets Research Pvt. Ltd.
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Distributed Fiber Optic Sensing Market

Mill. US$
140.00

120.00 -
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40.00 -

20.00 -

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
m North America ®Europe ® Asia-Pacific  ® Middle East  m Rest of the World
/Visiongain Limited/
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Fiber Optic Sensor Market Segments
-

~

* Oil and Gas, Geo

» Aerospace and Defense
* Producing Industry

* Medical

» Construction

e Consumer

e ASja N 20
e US P
e EU I 30

e ROW ms5

\ _J

-

* FBG based \
 Scattering based

* (spectral) Absorpt./Transm.
« Chemical and Biochemical  Phase based (FPI, MZI,

» Biometric and Ambience Coherence Tomography)

« Radiation, Flow, Particles  Polarization based
* Encoders

- Doppler Velocimetry

* Pressure and Strain
* Temperature

\_
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Major Drivers
-
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* Oil and Gas, Geo

» Aerospace and Defense
* Producing Industry

* Medical

» Construction

e Consumer
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e ROW ms5
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* FBG based \
 Scattering based

* (spectral) Absorpt./Transm.
« Chemical and Biochemical  Phase based (FPI, MZI,

» Biometric and Ambience Coherence Tomography)

« Radiation, Flow, Particles  Polarization based
* Encoders

* Doppler Velocimetry j

* Pressure and Strain
* Temperature

\_
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Fiber Optic Sensor Market Segments
-

e ASia 20 :
e US  =— 5 .
e EU — .
o ROW 5 °

consumer

\_

. » spectral Absorpt./
e Chemical .
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1 EMI-Insensitive Multi-Gas Sensors
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1 EMI-Insensitive Multi-Gas Sensors

60 -
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LED-based NO, and SO,
measurement using a
reflection probe sensor
(cell dimension 4 cm) at
100 ms acquisition time

/Degner et all,
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Fiber Optic Sensor Market Segments
-

e Asia I 20
e US I /5

e EU I .
«ROW ms Medical
*FBG based
* Pressure and °
 Temperature y

Phase based (FPI
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2 Miniature Medical Pressure Sensor

Pressure measurement needed in:

Sensor
miniaturization e

. Lung |
» Heart/Vessels

. Liver
* Kidney
e Stomac

- +Colon ‘
tsces

* Muscles ) & o L i

https://www.visiblebody.com/de/anatomy-
and-physiology-apps/human-anatomy-atlas 12
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2 Miniature Medical Pressure Sensor

Pressure measurement needed in:

Sensor
miniaturization e

I' e Lung ‘

. Liver
 Kidney
* Stomac

‘ e Muscles ‘

and-physiology-apps/human-anatomy-atlas 13
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2 Miniature Medical Pressure Sensor

Pressure measurement needed in:

)
e Brain
* Eye

: e Ear |

e Lung
» Heart/\VVessels_J

o Liver

e Kidney
e Stomac
e Colon

k o Bladder )
| » Muscles I

‘ - Small size

- Bio-compatible

"

J
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2 Miniature Medical Pressure Sensor

Fiber Bragg Grating / External Fabry Perot Interferometer (FBG/EFPI)

Glass 100 | =—@24°C
Reflections Diaphragm 80 F

B0 -
40 -

20+

Glass
Capillary,

E—

Incident
Light

Measured Pressure (kPa)

Fusion
i -80

Splice X I J
Y e -100

FBG EFPI Pressure
Sensor Sensor

0 20 40 60 a0 100
Applied Pressure above atmospheric (kPa)
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Fiber Optic Sensor Market Segments
-

~N

o Uil and as, Geo

e Aerospace and Defense
e Producing Industry

* Medical

e Construction

cConsumer

e Asia I 20
e US P
e EU I 30

e ROW ms5

\_

BG based \
e Scattering based
* (spectral) Absorpt./Transm.

* Chemical and Biochemical * Phase based (FPI, V71,
» Biometric and Ambience Coherence Tomography)

» Radiation, Flow, Particles « Polarization based
* Encoders

» Doppler Velocimetry ~ /

e Pressure and “iram
 Temperature
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3 Miniature Pressure and Temperature Sensor

for Pore Pressure Measurement within the pore space of rock

- Small size

—> - High pressure
- Harsh temperature

o= .--\

17
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3 Miniature Pressure and Temperature Sensor

for Pore Pressure Measurement within the pore space of rock

Glass

Glass Diaphragm

Capillary,

Reflections

—
Incident
Light
Fusion
Splice I J
Y Y
FBG EFPI Pressure
Sensor Sensor

Adjustment of cavity length
and membran thickness

—
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100
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40
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—a— @ 24°C
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—v— @ 225°C
—4— @ 309°C

0 20 40 60 80

1
100
Applied Pressure (kPa)

mm) Temperature Compensation
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Upper Vent e f——— 1

Pressure o
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Fiber Optic Sensor Market Segments

-

\_

e ASja N 20
e US P
e EU I 30

e ROW ms5

-

\_

* Pressure and Strain

e Temperature

 Chemical and Biochemical
* Biometric and Ambience

e Radiation, Flow, Particles

~

* Oil and Gas, Geo

» Aerospace and Defense
e Producing Industry

* Medical

e Construction

e Consumer

J

- Signal Processing \
- Interrogation
- Wireless Networks

 FBG based \ .

e Scattering based o

e (spectral) Absorpt./Transm. | ®

e Phase based (FPI, MZlI, )
Coherence Tomography)

 Polarization based

e Encoders

e Doppler Velocimetry )
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Fiber Optic Sensor Market Segments

-

\_

* Asia
e US
« EU
e RoW

I 20
I 45

* Producing Industry

5
°

Pressure and Strain

Signal Processing\

Transm.

_/
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4 Signal Processing Improves Microbender

Low cost sensor for

» Acceleration Measurement

» Safety Bumper

. /Hergal.ite/
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4 Signal Processing Improves Microbender

o el

a) Steady state illumination
conditions

‘ Simple power measurement
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4 Signal Processing Improves Microbender

O Q*

a)
b) Selective mode group excitation
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4 Signal Processing Improves Microbender

o =50 s

——
922

Mode coupling

= fct. (F)
a)
b)
c) Multiple Input Multiple Output processing
(MIMO)
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4 Signal Processing Improves Microbender

Jdn

—
Q 922

SVD Algorythm
_ [911 G12] _ o
H= [921 9‘22] =X -

leads to independent layers: |\/§

3 Ve
c) Multiple Input Multiple Output processing _@_’
(MIMO)
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4 Signal Processing Improves Microbender

Vs

x 107
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b) : .y . :

- : : High sensitivity paired with
C) ?I/\I/Iulllsl%i Input Multiple Output processing ) wide measurement range
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Fiber Optic Sensor Market Segments
-

* Oil and Gas, Geo

» Aerospace and Defense
* Producing Industry

* Medical

e Construction
consumer

e ASiag N 20
e US I 45
e EU E—

e ROW ms5

\_

- Interrogation

Pressure and Strain .
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5 Interrogation of Massive FBG Networks
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5 Interrogation of Massive FBG Networks

WDM: |
* £ iy A/ ./\\
SLD Isolator > SRR

serial FBG network

—» optical path

Lim(i)t]?g gllBJfHFer [ﬂMMMﬂJ

(<80) “ ¢
Spectrometer

v

PC
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5 Interrogation of Massive FBG Networks

CDM: |
A o 0N
SLD Isolator / =R~

serial FBG network

—» optical path

\ ---+» electrical path
?

4

Spectrometer

v

PC
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5 Interrogation of Massive FBG Networks

CDM:

* >

. £

YN
'

~—
/

SLD Isolator
\code
Code
generator
-
' icode
e AT l\
L O Lol
: Spectrometer
E~ _________ start/stop ¢
PC

10111 s 11111 111111
serial FBG network

—» optical path

---+» electrical path
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5 Interrogation of Massive FBG Networks

CDM:
A~

YN
'

S
> |

$ = —»| Modulator

SLD Isolator ,
: serial FBG network
:cgde
Code
generator
A . —>» optical path
1code _
o Y ---» electrical path
P ehesst M At - » Modulator
| v
T ______________________
; Spectrometer
_________ start/stop ¢
PC
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5 Interrogation of Massive FBG Networks

CDM: '
WL < KN
SLD Isolator | / =~
serial FBG network

!
]
syno: LM  [code s, =16

T
out of sync : JCOde *Seges =0
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5 Interrogation of Massive FBG Networks

CDM: |
WL < KN
SLD Isolator | / =~
serial FBG network

11-11-1-11-11-1111-11 T
B BEEEE  [code e, =16

bi - bipolar

110100101011101
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5 Interrogation of Massive FBG Networks

CDM: '
WL < KN
SLD Isolator / A=
! serial FBG network

11-11-1-11-11-1111-11

HE NN I code- Sys, =16

bi - bipolar
110100101011101 x 11-11-1-11-11-1111-11
uni - bipolar
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5 Interrogation of Massive FBG Networks

CDM: '
WL < KN
SLD Isolator / A=
! serial FBG network

11-11-1-11-11-1111-11 T
B BEEEE  [code e, =16

bi - bipolar

110100101011101 x 11-11-1-11-11-1111-11

uni - bipolar .*,QA?‘,‘_
#
3

uni - unipolar
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5 Interrogation of Massive FBG Networks

CDM: '
WL < KN
SLD Isolator | / =~
! l serial FBG network

11-11-1-11-11-1111-11
bi - bipolar

1101001010111 01

001011010100010 | uni - bipolar *,QA?‘,‘_
#
3

=11-11-1-11-11-1111-11
Sequence Inverse Keying

uni - unipolar
(SIK)
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5 Interrogation of Massive FBG Networks

SIK-CDM:

HLIL_JLILL

45 - = Modulator

TN

SLD ISO-— T
lator |
Code

|
|
L 4

AU Fp————* Modulator l—l- Modulator

S
Spectrometer Spectrometer

L%

De ——-

PC

!
| A/ /\\A

R T ]

serial FBG-network

optical path

— ——- electrical path
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5 Interrogation of Massive FBG Networks

. ¥\
' Y
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/
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Ecgde
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P ehesst M At [----o-- » Modulator
g !
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; Spectrometer
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PC

10111 s 11111 111111
serial FBG network

—» optical path

---+» electrical path
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5 Interrogation of Massive FBG Networks
SIK-CDM: 25 x 80 serial FBGs
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Conclusion
or

what we have learned ©

The robust and vibrant fiber optic sensor market
IS based on

* the penetration of all
major application/user segments

 the need for more high guality data,
even from harsh environments

e constant new technology and
data processing developments
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