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Introduction

= Gerrit Polder,
e 30 years at Wageningen University & Research.
e Senior scientist computer vision for plant /
phenotyping '
® Background: Electronics/Applied Physics. ‘
® PhD on Spectral Imaging \

= Aim of this lecture:

e To introduce spectral imaging and show its value
to applications in plant phenotyping.
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Contact: gerrit.polder@wur.nl
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Properties to monitor
width
Height
= Physical structure ® Chemical components

such as height, such as chlorophyll,

width, number of anthocyanin, moisture

leaves etc. etc.
T, vessnnesn .

Biosystems Engineering
Volume 164, December 2017, Pages 9-67

@Humboldt state University

Close range hyperspectral imaging of
plants: A review

Puncet Mishra * * &, Mohd Shahrimie Mohd Aszari, Ana Hef
Belén Diezma °, Paul Scheunders 4 springerink
ana mtermar structare or

leaves Aiculture Robtics (1 Bilingsley, Section Edior) | Open Access | Published: 02 April 2020
Close Range Spectral Imaging for Disease Detection in
Plants Using Autonomous Platforms: a Review on
Recent Studies

Puncet Mishra ), Gerrit Polder & Nastassia Vifan

1,43-48 (2020) | Cite this article.

‘Current Roboics Reports
g WAGENINGEN 2266 Accesses 9 Citaions | 1 Atmetic | Metrics

'Spectral Analysis |

LWAEEN\NEEN

Gerrit Polder, Wageningen University & Research 2



NOVA NMBU PhD Training Spectral Imaging 15 June 2023

Interaction of light with matter
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Light and the Electromagnetic Spectrum
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Spectral Imaging
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'spectral imaging - imaging spectroscopy ‘
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Spectral imaging
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The ‘hype’ in spectral imaging

= What is the meaning of
hyperspectral?

e Over spectral imaging?

e Beyond spectral imaging?
e Exceeding spectral Imaging?

e Above normal spectral
imaging?

gw,msmm:m 14
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The ‘hype’ in spectral imaging

Band [Bend | Bond Bend Band  Band Band
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What's next?

Source: Makki, Ihab. (2017). Hyperspectral Imaging for

Landmine Detection.
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Remote sensing of the carth's surface

surface observations. Until recently, the
‘main limitations of remote
that no subsurface information could be
acquired and that surface information
lacked specificity (/). Orbital imaging

gwﬂﬂ-:wuvu:w

4.
7 June 1985, Volume 228, Number 4704 SCI E Nc

devel Imaging Spectrometry
for Earth Remote Sensing

Alexander F. H. Goetz, Gregg Vane
NASA Jerry E. Solomon, Barrett N. Rock

portions of the spectrum. In we
discuss several approaches to the analy-
sis of the resulting hyperspectral image
data sets. Hyperspectral refers to the

ing were  multidimensional character of the spec-

tral data set. In the past, data were

resolve these spectral featurc
important rock-forming minerd]

acquired in four to seven spectral bands. the imy

Imaging spectrometry now makes possi-
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and soils. Similarly, mineral

e CE
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Web of Science title search

Web of Science search
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Hypercube?

relative reflection
°
A
—

.
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wavelength [nm]

Pixel
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X (spatia axis)

What about spectral data?

Y (me)

Spectral image

....... 'images' are combined to form a three-
dimensional (x,y,A) hyperspectral data cube ..

RO
s ‘;)
=

‘WIKIPEDIA
e Encylpsie
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What about spectral data?

Usually with
different x, y and A
dimensions, the
data matrix is not a
cube at all!

gw»msmm:su
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‘Hyperspectral analysis?

®

= Example of publications
where the term
hyperspectral analysis is
used for normal point
spectroscopy

wavelength (o)

Leaf size: ——rul ——all —Onea

= Hyperspectral analysis of soil polluted with four types of
hydrocarbons

" Hyperspectral Analysis of Leaf Pigments and Nutritional
Elements in Tallgrass Prairie Vegetation

gw»aasmm:su
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ttps://aviris.jpl.nasa.gov

AP ]

Airborne Visible / Infrared Imaging Spectrometer

Please note that we are working to use

the terms "imaging spectroscopy" and

"imaging spectrometer data" rather than
"hyperspectral." This allows us to

communicate more clearly with our
physics, chemistry, and biology science
colleagues.

Gerrit Polder, Wageningen University & Research
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For further reading

15 June 2023

m G. Polder and A. Gowen, J. Spectral Imaging 9, a4 (2020)

Peer Reviewed Letter openaccess

The hype in spectral imaging

Gerrit Polder® and Aoife Gowen®

“Wageningen University & Research, Wageningen, Netherlands. E-mail gerrit polder@wur.nl

SSpectral Imaging Research Group, School of Biosystems and Food Engineering, University College Dublin, Ireland. E-mail: aoife gowen@ucd.ie

https://doi.org/10.1255/jsi.2020.a4
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Spectral image data visualisation

gWAEEN\NEEN
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Interaction of light with matter

XL
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Illumination

Daylight Incandescent Fluorescent

15 June 2023
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Illumination

https://www.sunlightinside.com
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‘Spectral Sensitivity Human Eye
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'Sensor Sensit vity
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Implementation
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Spectral imaging a
approaches

[ (& g

 (wavelength)
N[/J'

Linear array /

2Darray

ftector

Dispersive
cloment

>

Wang W, Reder NP, Kang S, Gser Ak, Liu

Muitiplexed Opfical Imaging o Turmor- Point scan
Directed Nanoparticies: A Review of Imaging o
Drected Nan Spocta o igh
Approaches. Nanotheranostics 2017; 1(4):369- poed: ow’

388. 0i:10.7150/ntno. 21136,
itps://www.ntno.org/101p0369.htm

R ®

Dary B 20 armay
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Line scan Wavelength scan
‘Spectral res: high Spectral res: low - high
‘Speed: medium Speed: medium / high

Prism
array
Image

meper O

Snapshot
Spectral res: low - high
pecd: high
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Pushbroom spectrograph

= Slit-spectrometer collects a
“wall” of data: pushbroom

allows acquisition of a complete Marix detectoreess

15 June 2023
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Some examples of cameras

sPecimic €

reddot award 2018

[ &

gwm:smm:m
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ILatest developments
‘snapshot cameras’

[(Bicubert

UV-VIS-NIR
Light Field-based
Hyperspectral Video Camera

sPecimic €

reddot award 2018
ner

)

‘umec

33

Gerrit Polder, Wageningen University & Research

11



NOVA NMBU PhD Training Spectral Imaging

TMEC HSTAPPROACH: FABRY-PEROT FILTERS

L

~_] ) Wavelength selection depends on cavity length L
[
6 i kA =2nLcos@

4

Build a staircase with varying depth L,
monolithically integrated on CMOS imager:

=

Transmission
efficiency (%)
A
FWHM ~
10-20nm

740 760 780 800 820 840

15 June 2023

gwm:smm:m Wavelength (nm)
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DIFFERENT HSI CAPTURE APPROACHES

Line-Scan design Snapshot design

>

;é
%\;i;f

| SCANNING movement needed [ NO SCANNING needed l

> Built on same technology:Fabry-Perot' interferometer spectral fiters applied at pixel level
g WAGENINGEN > Available in both standsrd or cus

fzed spectra fiter pattern designs

imec,

35

[Bicubert

UV-VIS-NIR
Light Field-based
Hyperspectral Video Camera

QWAEEN\NEEN
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Exercise 1
Google Colab

gwm:smm:su
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Calibration /
normalisation
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(Calculation spectral reflectance

® R - real reflection at wavelength A
I), - B ® ]x - original measured reflection

RA, - W B = Wi - spectral radiation of the illuminant
2’ " B is the black reference

® This calculation/measurement of Wa
and B, needs to be done at a regular
interval, at least as fast as the drift in
the disturbing factors.

gwAGEN\NEEN
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‘Challenge with imaging spectroscopy ‘

I
\\ \ Reflectance =241t
Triants Twnite white

« Plants can be of varying sizes and white
reference is flat can be at varying heights
causing multiplicative effects in the

gvﬂ;swny Reflectance W

40

T
More effects from leaves

« Apart from global intensity differences, there can be
differences due to local inclinations

N

« Altogether, a mix of additive and multiplicative effects

gw,msmm:m a

41

[
Challenge with imaging spectroscopy

Spectral camera

I

Reiants

Sample Plant Segmented Image

LWAEENWEEN

42
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A solution is chemometric normalisation

Before After

178 (2020): 105780,
rmalisation to correct ilumination effects in close-range spectral images of potato

ing 197 (2020): 318-323.

gw»msmm:su

ing of whole plants for digital phenotyping: Recent applications and illumination correct

tion
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Projects
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PLS result for Lycopene

Postharvest Biology and Technology
Volume 34, sse 2, November 2004, Pages 117-129 1

and chlorophyll in ripening tomatoes using
imaging spectrometry

G.Polder*® o 3 ®,G.W.AM.van der Heijden *, H. van der Voet *, LT. Young ®

200

990960
0006 -

45
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Ripening of tomatoes

® Scatter plot of feature analysis
of the RGB and spectral
images.

® Classes 1-5 represent the

SPECTRAL IMAGE ANALYSIS FOR MEASURING
RIPENESS OF TOMATOES

Published by the American Society of Agricultural and Biological Engineers, St. Joseph, Michigan www.asabe.org

Citation: Transactions of the ASAE. Vol. 45(4): 11551161 . (dof: 10.13031/2013.9924) @2002
Authors: G Polder, G.W. A M. van der Heijden, I. . Young
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[
Example cases - Cherry sweetness

0]

Predicted SSC (%)

8 10 12 14 16 18 20
Measured SSC (%) o

DOCGOO
DOGCOe

®
&
4

6
'Y
t8oa0Q

* Cherry sweetness is a major quality indicator

* Here we try to predict sweetness in cherry non-
B, voesnmesy destructively
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Light penetration
in tomatoes

WA =
T \ % “m y
: \} : \ - =
A\ %}\x\x\\\ by v
o

engineering

-
proceedings @\Py

s o

Iy Proceeding Paper
Light Penetration Properties of Visible and NIR Radiation in
Tomatoes Applied to Non-Destructive Quality Assessment *

L wA Merel Arink !, Haris Ahmad Khan ! and Gerrit Polder >*

48
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T -
Salinity stress in tobacco leaves

= Salinity stress severely affects plant growth and causes significant
yield reductions

= [t commonly occurs in arid and semi-arid zones naturally or because
of anthropogenic influences such as irrigation with reclaimed water

alllase Ellal] d2aly
auisillg polell

King Abdullah University of
Science and Technology

(]

+ Puneet Mishra, et al. "Close range hyperspectral imaging for mopping salinity stress induced by Red Sea water irrigation in Tobacco
leaves.” HSI 2015 conference, Coventry, UK.

g\‘*{AFEN’\NNEEN "
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Drought stress in Arabidopsis plants with portable
imaging spectroscopy
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50

Drought stress detection in arabidopsis in
digital phenotyping framework
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‘THE HEBREW UNIVERSITY OF JERUSALEM
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Monitoring crop status - goal

® Crop growers need information on status of
the leaves before they are removed during
crop cultivation.

Currently this can only be done using leaf
samples send to an external laboratory.

Can spectral imaging be used for
measuring leaf and fruit compounds non-
destructively?
Anja Dieleman
Esther Meinen
Jeroen van Arkel
g\"‘IAEErfLNEEN Kees Weerheim
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Monitoring crop status - experiment

VNIR HSI, Specim V10e, 400-1000nm
NIR HSI, Specim N17, 900-1700nm
412 leaf samples

200 fruits

Supervised foreground/background segmentation

Average spectrum per sample

Reference measures

Partial Least Square (PLS) regression, using leave
one out cross validation.

gwm:smm:m
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'Monitoring crop status - results

NIR relation: 99 leaf DMC Q% 0.97385

O for all experiments.

@

.
.
.

L
O PO YRR &
$O o S o 1 & & F L F 0P OG0 @ 0 0
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&*t&%&ip B wé@& ””@‘”.;%@’Z» o W W

DA o B

Relation/Compound
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Distinction between stem and leaf

reflection

500 50 600 650 700 750
wavelength

gwm:smm:su
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Distinction between stem and leaf

Based on a few images a classifier is built to
distinguish between stem and leaf, in order
to find diseases in the stem or leaf
respectively.

gwm:smm:su

56

Detection of virus and
i bacterial diseases in seed
lpotatoes in the open field

Gerrit Polder, Wageningen University & Research
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Virus Y detection in seed potatoes

7 Output
s &xl

Input
500 x 250
a=35

d=1

Prediction Target

® Deep learning on spectral line images
= Network adapted to x x 1 (2D) images

gwm:smm:m
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Disease detection in seed potatoes

L &y .
A _\.‘g:‘x" i “ Test image at

{ startandend
W8 of training

Network
Prediction
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Disease detection in see|En

Vis

ONSyszems
images, A: T

Detect diseased

® Results: Row 7 (Vermont) 3/7/201

Row 700

‘ORIGINAL RESEARCH ARTICLE

Fron Pt Sl O e 2019 s 10539/ 20190209 L‘ frontiers
in Plant Science

Potato Virus Y Detection in Seed Potatoes Using
Deep Learning on Hyperspectral Images

£ Gerrit Polder'’,  Pieter M. Blok,  Hendrik A. C. de Villiers',  Jan M. van der Wolfand  Jan Kamp®

'agro Food Robotics, Wageni

sty & Research, Wageningen, Netheriands
Nethertands

e Crops, Wage iy & Research, Lelystad

61
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15 June 2023

Early disease detection using multispectral
imaging N O N

= SILIOS CMS-V 4

® 8 wavelength

® Resolution
® 2048 x 2048 (raw)
® 682 x 682 (spectral)

Exercise 2
Google Colab

LWAEEN\NEEN
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P |
e home message i

" Close range imaging spectroscopy is widely
deployed for physicochemical analysis of
plants

Key benefits are non-destructive and non-
contact uses, which allow same plant to be
monitored during complete time-frame of

experiments

Illumination correction is still-a challenge,
the spectral .normalisation techniques
seems to be the easiest and the most
effective option

‘
e home message

From my wide range of experience and
application I can recommend that imaging
spectroscopy is a very useful tool for plant
analysis and particularly for plant
phenotyping

Future trend will be related to cormbining
imaging spectroscopy, chemometric
knowledge and artificial intelligence to mine
the enormous data generated by imaging
spectroscopy.

Gerrit Polder, Wageningen University & Research 22



