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Hyperspectral vision

Data processing

Applications

Implementation



Hyperspectral imaging

0.5

relative reflection
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Spectral Image

Spectrum Pixel

https://www.impopen.com/jsi-abstract/I09 a4



https://www.impopen.com/jsi-abstract/I09_a4

Spectral imaging

RGB Multispectral

—
—

Intensity
Intensity

5

Wavelength Wavelength

A few broader wavebands
Gaps between the bands
Targeted application

Hyperspectral

—

Intensity

Wavelength

Hundreds of small wavebands
No gap between the bands
Complete spectral analysis

Wikipedia (Lucasbosch)



Working principle

. Spectral
Scanning Scanning

Non-scanning Spatio-Spectral
(Snapshot) Scanning

Wikipedia (Sasha Grusche)



Working principle

Spatial scanning (pushbroom)

Target with Leaves
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https://imt.kit.edu



https://imt.kit.edu/

Working principle

Non-scanning
(Snapshot)

Spectral

\ Scanning /

Spatio-Spectral
Scanning
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Spectrocam



Working principle
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https://www.imec-int.com/en/hyperspectral-imaging

Working principle

Spatio-spectral (e.g. filter-on-chip)
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https://vito.be/en/news/hyperscout-small-box-big-brain

Manufacturers

HySpex, Oslo, Norway Specim, Oulo, Finland

“ Line illumination

\

A complete line of data INSTANTANEOUS
is scanned at once SCAN LINE

https://www.hyspex.com/ https://www.specim.com/



https://www.hyspex.com/
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Spectral ranges

Wavelength (nm)
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Infrared example: water

3 fundamental vibrational modes: 3n-6 = 3.

o2 o2

Symmetric stretching (v,) Bending scissoring (v,)
2735 nm 6270 nm

Water with pathlength 0.01cm

0.6 —

1875 nmis v2 + v3
1449 nmis vl + v3
1135 nmis vl + v2 + v3
942 nmis 2v1 + v3

Absorbance
=] =] =]
(%] B (4]

o
(N}

0 . . .
1000 1500 2000 2500
Wavelength (nm)

= e

Asymmetric stretching (v)
2662 nm

Addendum:
The combination bands
wavelengths of water vapor
have been corrected. Also, the
graph is for liquid water at
27°C, so the absorption peaks
don’t match the water vapor.
See Workman and Weyer 2007
Wikipedia
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Spectral ranges

Black Body Emission Curves of the Sun and Earth
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https://scienceofdoom.files.wordpress.com/2009/11/blackbody curve-sun-earth.jpg



https://scienceofdoom.files.wordpress.com/2009/11/blackbody_curve-sun-earth.jpg

Data processing



Data processing

Radiometric
correction

Image
acquisition

To reflectance

« Absorbance: A; = cl¢, (Beer Lambert's law) Concentration ¢ (mol L)

« Pre-processing / scatter correction. Length of light path | (cm)
Molar absorption coefficient € (L mol-tcm)

e Chemometrics.

* Machine learning / Al.
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Waste sorting



Textile waste sorting e el

Acryl
Synthetic
PE
Cotton
7 Plant based
Linen
Silk
Animal based
Wool

ACRYL

B POLYESTER
COTTON

W LINEN
WOOL/ACRYL

W SILK
COTTON 2
ALPACA

B MERINO

REFLECTANCE * 10 000

Prediction

https://www.specim.com/hyperspectral-imaqging-reducing-textile-waste/



https://www.specim.com/hyperspectral-imaging-reducing-textile-waste/

PRODECOLOGIA

o)

Plastic sorting

PE (98%)

Sorting PE+PP

https://prodecolog.com/



https://prodecolog.com/
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https://www.specim.com/

Quality control
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Pharmaceutics by neo

% of substance in

100
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API

Excipient 1

Excipient 2

Excipient 3

https://www.hyspex.com/use-cases-application-notes/pharmaceuticals/



https://www.hyspex.com/use-cases-application-notes/pharmaceuticals/

HySpex %

Dry film thickness ex i
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Figure 2. Mean reflectance spectra for all 8 samples (same color coding as in Figure 1).
Changes in dry film thickness result in a change in spectral properties of the coating.

https://www.hyspex.com/use-cases-application-notes/coating/



https://www.hyspex.com/use-cases-application-notes/coating/

Cocoa beans byneo

Figure 3: Classification image of the cocoa bean samples.
» Good beans, ® Under-fermented beans, = Slaty beans,  Other low-quality beans.

https://www.hyspex.com/use-cases-application-notes/cocoa-beans/



https://www.hyspex.com/use-cases-application-notes/cocoa-beans/

Fish inspection

https://www.hyspex.com/use-cases-application-notes/kveis/



https://www.hyspex.com/use-cases-application-notes/kveis/

Gas detection
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Datacube Id: 163240171357520448

Measurement time (UTC): 2021-09-23 12:55:13.575
Image size: 314 x 93 px, 99.63x 29.51m

GPS: 45.481162, -0.425204

AGL: 419.62m
Bearing: 33.71°
on:

GRT Gaz Jonzs Methne oz 400m_ FUMNEN/T_ 10/Processed/Procesed|
File: 20210923_125513_575_Default_Default.radiance.sc

methane | CH4 | 246 px | 24.76 m? | 3.09¢g
GPS: 45.481083, -0.425184

CH, Flux > 0.5 g/s

Assuming the following conditions:
Flight Parameters:

Flight altitude: ~ 350m

Flight speed: [65 75] knots
Weather conditions:

Local wind speed: <7km/hr

Thermal Contrast: > 4°C
Instrument settings:

Inspection track width: 30m

https://www.telops.com/products/hyperspectral-cameras/



https://www.telops.com/products/hyperspectral-cameras/

FOV

i

height/ m

CH4 enhancement / ppm'm

§ 2.5+ —= ‘
Sl S T (E=228th
8 5 | ‘\.\( _ ' | | _ L ' | AE, = 0.16th
E -100 -80 -60 -40 -20 0

width / m

Knapp, M et al. (2023)
https://iopscience.iop.org/article/10.1088/1748-9326/acc346



https://iopscience.iop.org/article/10.1088/1748-9326/acc346

Geology
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HAERRARIA APPLICATIONS

Mining flow sheet

Reclaiming/ Re-mining tailings
Monitoring surface processes
Aiding environmental studies

I

Run-of-Dump Process monitoring
Characterization
of products in

between
processing steps

Monitoring resource input
(water, reagents)
Conveyor belt and heap monitoring

Increasing
Run'Of'Mine mineable

tons w
K V. *-Jlt-“i‘

Separating ore types
Characterization blending/ Distinction and

Reducing feed variability ¢ h'ﬂ'r:_'("’r""“o" !
of reject material for mine-refill

Early waste

rejection Aiding stockpile
management,
Decreasing re

handling cost Separaﬁon of ore
F/ quality for
processing Increased

productivity,
Reduced tailings,
Reduced footprint,
Potential re-mining

Stockpile management

https://www.m4mining.eu/



https://www.m4mining.eu/
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Mlneral deteCtIOn \\PF  GEOSPECTRAL IMAGING s

http://terracoregeo.com



http://terracoregeo.com/how-geospectral-imaging-works/
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- Garnet Grossular Moderate Non-Diagnostic
SSRmCHING Olivine Forsterite Non-Diagnostic
& | sorosilicates Epidote Epidote Non-Dia Moderate
3 Mica Muscovite Non-Dia Moderate
Fr aie Chlorite Clinochlore Moderate
Phyllosilicates S— lite Non-Dia Soderite
Kaolinite Non-Dia Moderate
Feldspar Orthoclase Non-Diagnostic | Non-Diagnostic
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Silica Quartz Non-Diagnostic | N nostic
Calcite Calcite Non-Diagnostic Moderate
CRDONYES Dolomite Dolomite Non-Diagnostic Moderate
Hydroxides Gibbsite Non-Diagnostic Moderate
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7 Halides Chlorides Halite Non-Diagnostic TBD TBD
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Z | Hydrocarbons _ Bitumen TDB Moderate TBD
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http://terracoregeo.com/how-geospectral-imaging-works/



http://terracoregeo.com/how-geospectral-imaging-works/
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Mineral detection

RGB Photo lllite/Smectite Qtz. Grain Size Quartz Carbonate Dolo. vs Calcite Hydrocarbon
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Characterization of Middle Bakken
http://terracoregeo.com/why-use-terracore/oil-and-gas/



http://terracoregeo.com/why-use-terracore/oil-and-gas/

Condition monitoring



False RGB

PCARGB §

Visual imaging for color,
shape and structure

Infrared thermal imaging
for rot uncovering

Radar tomography for high-
penetration screening of rot

Olfactory for underground )
emitted rot-marking gases ! @’

Hyperspectral imaging
is used as a tool to D
identify proper ﬂll % 1
frequencies and o~ Vi
spectral bands for
infrared thermal and
olfactory sensing to
reliably detect and
classify rot

\ ~ g{ |VOC emissions from rot
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Health and medicine
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Viral infection

Hyperspectal camera . by n e O

Lightisource above UNIVERSITETET I BERGEN - . . H ELSE BERGEN
Det medisinshe fakultet Haukeland universitetssjukehus
Data Acquisition Unit
" Diffusive glass

A dedicated rack designed Light source underneath
for laboratory use H t |
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Translation stage
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Detection of asbestos |

RGB Images
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Giuseppe Bonifazi and Silvia Serranti, “Hyperspectral imaging for asbestos identification in cement products”
https://spie.org/news/6645-hyperspectral-imaging-for-asbestos-identification-in-cement-products# =



https://spie.org/news/6645-hyperspectral-imaging-for-asbestos-identification-in-cement-products#_=_

Implementing hyperspectral vision
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Hyperspectral

Advantages:

* Versatile, identifies most materials.

Hyperspectral

 Non-invasive and non-destructive.

-

 Online and real-time.

« Green and digital.

Intensity

Disadvantages: Wavelength
* Itis a project.
« Big and complex data.

« Expensive camera.

Wikipedia (Lucasbosch)



Or go multi-spectral

Make it application-spesific:

e |dentify the (most) relevant parts of the spectrum. .
v the (mosh P P Multispectral

« Determine the center and width of the spectral bands.

A
* Lighting can also be more targeted. ..?
)
C
)
e
« Simpler and cheaper. <

Wavelength

Wikipedia (Lucasbosch)



Arnoud Jochemsen
ajoc@norceresearch.no

Thank you.

norceresearch.no


mailto:epost@norceresearch.no
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