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CSEM AT A GLANCE

We are a public-private, non-profit, Swiss
technology innovation center.

We enable competitiveness through innovation by
developing and transferring world-class
technologies to industry.
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DYNAMIC RESEARCH FOR DYNAMIC INDUSTRIES:
EVOLVING TO MEET THE NEEDS

Digital Technologies Precision Manufacturing Sustainable Energy
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SPECTRAL IMAGING

- Beyond what is visible through spectral decomposition

Chemical
imaging

Gas . :h Water
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SPECTRAL IMAGING TECHNOLOGIES
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SYSTEM DESIGN: TRADEOFFS

° Spectral resolution

Spectral discrimination power
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DESIGN CHOICES

« Maximize coverage and sampling
* Snapshot impossible

400 500 600 700 800 900
Wavelength [nm]

- Target specific wavelengths
* Needs physical modeling

° S N R ISS ues 400 450 500 550 600 650 700
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* |terate for best cost/performance
ratio

* Leverage Al for optimal design
* Adopt alternative designs

wavelength [nm]
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ILLUMINATION VS SENSING

- Hyperspectral illumination: « Hyperspectral sensing:
« Usually cheaper < Can do snapshot imaging
« Subject to light contamination * More complex

Why not both?
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ILLUMINATION VS SENSING

- Hyperspectral illumination: « Hyperspectral sensing:
Usually cheaper < Can do snapshot imaging
« Subject to light contamination * More complex

Why not both?
=» Spectral mixing-unmixing:

r =R(A)L(A) + R(A,)L(X,) + R(A3)L(A3) r R(A41) R(A3) R(A3)\ [L(41)
g =GA)L(A1) + G(A)L(A,) + G(A3)L(43) <g> =| G(A) G(A) G(A3) || L(Ap)
b = B(A1)L(41) + B(4,)L(A;) + B(A3)L(43) b B(A;) B(A;) B(43)/ \L(43)

L(A;) R(A) R R4\ ' /r
L(A,) |=|GA) G(Ay) G(/ls) (9)
L(23)) \B(A) B, B(dy)) \b
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MIXING - UNMIXING: COMPRESSIVE SENSING EXAMPLE

Use case:
System type:
Technology:

Foreign matter in lentils - Sensor type: RGB
Multispectral »  Number of acquisitions (mixed): 5
Multispectral illumination = Number of bands (unmixed): 15

Spectra of LED configurations

Wavelength [nm]



HYPERCOOK

Snapshot multispectral camera
In conjunction with custom high-power multispectral illumination

system to suppress ambient parasitic light effect

e Compact spectral camera 3¢m x 3¢m x 3¢m
e Multiple wavelengths 20 bands
e Spectral range VIS+NIR
e Fast cube acquisition 60 fps
e Image resolution 350 x 350

-

Optional multispectral illuminators
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AGRARSENSE

Downy mildew detection
Pest detection

Aphids

Spider mites

Thrips

Water stress detection
Plant parts segmentation
Vine clusters
Vine grapes




TOWARDS THE PLANT’S DIGITAL TWIN

Spectral imaging

Plant Insight:
Physiological
Chemical
Stress levels

Water Insight:
Herbicide content
> Antibiotic levels
Pesticide content
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FUTURE DIRECTIONS

*  New optical designs coming soon

« Access to the low SWIR region (400 to 1700 nm) is now possible
« Open to collaboration on new use cases

« Looking out for implementation partners

15 - Spectral imaging systems 2 Csem



	Slide 1: Optimizing spectral systems:  Practical designs for Agritech applications
	Slide 2: TABLE OF CONTENTS 
	Slide 3: CSEM At a glance
	Slide 4: Dynamic research for dynamic industries: Evolving to meet the needs
	Slide 5: Spectral imaging
	Slide 6: Spectral imaging technologies 
	Slide 7: System design: Tradeoffs
	Slide 8: Design choices 
	Slide 9: Illumination vs sensing
	Slide 10: Illumination vs sensing
	Slide 11: Mixing – Unmixing: Compressive sensing example
	Slide 12: HyperCook
	Slide 13: agrarsense
	Slide 14: Towards the Plant’s digital twin
	Slide 15: Future directions

