Fibre Optics Sensor
Systems for Irrigation
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How can High Energy Physics optimize irrigation systems?

The objective is to produce a low-cost Fiber
Optics Sensors System for irrigation allowing
farmers to carry out online monitoring of
water presence in soil as well as other
chemicals and pesticides

Hundreds of sensors
distributed over 100km!
mm ]35mm
. :s:e.: ; 0101101

125 um 7 N\ 01001016
0] . T
LU B S . | f0p

Fibre Bragg g}ratings - Data Acquisition - Data Processing - User Interface

Optical fibre



The problem

Global/Environmental

Water Scarcity

Commercial

Expensive solutions

Water Contamination

Practical Solutions
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What are the advantages of partnerships?

Knowledge Sharing/Transfer
Access to people

Innovation

Reputation and credibility
Exposure/Opportunities




Timeline

5 Phases over 3 years
« Phase 0: Lab tests at UniSannio
* Phase 1: Limited scale field tests

 Phase 2: Large scale field tests
« Phase 3: Design of dedicated instrumentation and feasibility studies for SmartFiber

 Phase 4: Design of SmartFiber. Range of measured parameters including Temperature,
Humidity, N2, fertiliser content, presence of special molecules such as pesticides or
enzymes.




The Technology

Based on Fibre Bragg Grating (FBG) humidity sensors

Optical Fber
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Bragg Grating

The goal of the FBG technology is to engrave a periodic variation of refractive index into the core of a fibre, creating
a series of reflectors. The resulting Fiber Optics Sensor will reflect particular wavelengths and transmit others. Using
an infrared laser, a broadband light pulse is injected into the fibre. The reflected light or Bragg wavelength is
affected by the parameter the fibre has been designed to measure. When the fibre is exposed to a variation in
temperature, for example, the reflected wavelength will shift proportionally to the longitudinal dilatation of the
reflectors, allowing a very precise measurement. By coating the FBG sensor with a functional material, the scope of
the measurement can be changed to other applications such as humidity. For humidity sensors the coating is made
using an hygroscopic material that translates the humidity into an elastic longitudinal deformation of the FBG sensor.

Publication: A Comparative Study of Radiation-Tolerant Fiber Optic Sensors for Relative Humidity Monitoring in High-
Radiation Environments at CERN, IEEE Photonics Journal, 6 (6), art. no. 6909002 (2014);



From Lab Testing to Field Testing

Sensors 1.0

« Soil from Lebanon 55% clay
 Volumetric Water content

« All humidity sensors remain saturated

Sensors 1.1

« Exchange Surface

« No saturation

« Testing phase




Technology Readiness Level

Technology Readiness Levels

TRL 0: Idea. Unproven concept, no testing has been performed.

TRL 1: Basic research. Principles postulated and observed but no experimental proof available.
TRL 2: Technology formulation. Concept and application have been formulated.

TRL 3: Applied research. First laboratory tests completed; proof of concept.

TRL 4: Small scale prototype built in a laboratory environment ("ugly" prototype).

TRL 5: Large scale prototype tested in intended environment.

TRL 6: Prototype system tested in intended environment close to expected performance.

TRL 7: Demonstration system operating in operational environment at pre-commercial scale.
TRL 8: First of a kind commercial system. Manufacturing issues solved.

TRL 9: Full commercial application, technology available for consumers.




Project Scope — Phase 3

Price?

Hundreds of sensors
distributed over 100km!

Fibre Bragg gratings .~ Data Acquisition
Optical fibre
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Value Proposition

Large field scale testing/Remote areas

No power is needed

All in 1 sensor (including pesticides, chemicals and fertilizers)
Low cost

Various applications



Vision

Research

Spin Out-

Manufacturing -
Product Launch

CERN /CMS
INFN
UniSannio
Optosmart
National Instrument
LU
uUsJ
LARI
UKLTH

Product Development

Funding/Investment

Research: UniSannio,
LU, Optosmart?

Product Design:
Outsourcing

Sensors V2.0?

Revenue generation
Beneficiaries

Royalties



Potential — now and in the future

* Wood industry

« Agrometeorology

« Green houses

» Golf course

« Ecology/Environment

« Space farming

* |[nert material (substrates)



Intellectual Property

V

The owner(s) of the results may files a patent protecting the idea and technology.
As long as the project run the patent remains a protection. When the project ends,
the patent like all other IP “goes into OHL"

The Parties shall make available their Results that are hardware under the CERN
Open Hardware Licence v.1.2. Within two years of termination of the Project, the
Parties shall make available their Results that are software under open source
licence conditions under an OSl-approved licence

The spin off in the meantime has developed a V1.5 sensor that is on the market.
This version can be protected by another patent to protect the IP which is
not generated within the FOSSA4I project but by the spinoff itself



QUESTIONS?



THANK YOU!

For more info visit:

http://irc.uklebhub.com/foss4i

www.uklebhub.com

Email:
Elie.akhrass@uklebhub.com
martin.gastal@cern.ch
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