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§ Gerrit Polder, 
● 30 years at Wageningen University & Research.
● Senior scientist computer vision for plant 

phenotyping
§ Background: Electronics/Applied Physics. 

● PhD on Spectral Imaging

§ Aim of this presentation: 

● To give an overview of the photonics applications 
at WUR, related to agriculture and plant 
phenotyping.

Introduction Contact: gerrit.polder@wur.nl
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Wageningen University & Research

§ A university plus R&D 
organisation for innovation in 
the agrifood sector.

§ Working with industry, 
governmental authorities and 
other knowledge institutes

§ 7.500 employees

§ 15.000 students (BSc/MSc/PhD)

§ > 100 countries

§ 65 researchers on Agro Food 
Robotics
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§ Plant Phenotyping

§ Imaging Spectroscopy

§ Fluorescence, Photon upconversion and Lidar

§ Raman Spectroscopy

§ Laser Technology

Outline
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Plant Phenotyping

Rick van de Zedde
Peter van der Zee
Lucas Schmitz
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Ecotron
module

Plant-microbe
Interaction 
module

Multi-
Environment
module

High 
Throughput
Chamber
module

Open Field
module

Greenhouse
module

Sensors and thus 
photonics play a key 
role in all modules
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Virtual greenhouse tour
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RTK GPS, 2 spectral cameras (VIS-NIR / SWIR), LIDAR sensor, High-
resolution RGB camera.

AB line driving – plot polygon based data capture. 

Sensor Fusion - full integration on pixel level of all sensor data. 

Field phenotyping
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Imaging Spectroscopy

Selwin Hageraats
Joseph Peller
Puneet Mishra
Hendrik de Villiers
Pieter Blok
Robert Rouš
Toon Tielen
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spectral imaging – imaging spectroscopy
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Web of Science search
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Why spectral imaging?

@Humboldt state University
• Imaging access plant structure 

• Spectroscopy provides 

chemical composition
• VIS (400-700 nm):  pigments

• NIR (700 – 2500 nm): moisture, 

lipids, proteins and internal 

structure of plant leaves 
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Simplex Volume Maximization (SiVM)
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• An efficient tool to find spectral archetypes

• Archetypes represent a distinct 
spectral character

• If you model each pixel's spectrum as a 
linear combination of spectral archetypes:

• Mapping of different types of tissue in 
a leaf from a SWIR spectral image
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Disease detection in seed potatoes

Detection of virus and 
bacterial diseases in seed 
potatoes in the open field
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§ Deep learning on spectral line images

§ Network adapted to 𝑥 × 𝜆 (2D) images

Virus Y detection in seed potatoes

TargetPrediction
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Disease detection in seed potatoes

§ Results: Row 7 (Vermont) 3/7/2017

23



Stargate CQBF Seminar 22 September 2023

10

H2020 OPTIMA – disease detection
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§ Apple scab

§ MS images (8 wavelengths)

§ Increases Contrast from RGB

H2020 OPTIMA – disease detection
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Fluorescence
Photon upconversion
and Lidar

Lammert Kooistra
Harm Bartholomeus
Hasib Mustafa
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The I-Seed project: environmental sensing
Laboratory of Geo-information Science and Remote Sensing
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self-deployable
biodegradable
miniaturized robots 
with fluorescence
sensors 
(nano coating)

Fluorescence principle
Photon upconversion

Excitation: infrared
Emission: green

biomimicry

I-seed as 
environmental 

indicator

https://iseedproject.eu
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The I-Seed project: environmental sensing
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Fluorescence principle
Excitation: infrared

Emission: green
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The I-Seed project: environmental sensing

Prototype laser-
induced 
fluorescence 
system
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Raman Spectroscopy

Corien Voorburg
Joseph Stoenner
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§ Chrysanthemum with Tomato Spotted Wilt Virus (TSWV)

§ Raman microscope

● 5 healthy plants

● 15 infected plants

Early non-destructive detection of virus infection 
using Raman Spectroscopy (RS)
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Spectral differences

Trained model 
with random 
forest 
classifier: 
Accuracy 0.78
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Laser Technology

Frits van Evert
Ard Nieuwenhuizen
Menno Sytsma
Anoek Leunissen
Estuardo Hernandez Olesinki
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This project has received funding from the European 
Union's Horizon 2020 research and innovation 

programme under grant agreement No 870258

https://galirumi-project.eu/

Thulium fiber laser
2000 nm
25 W

Robot to control broad-leaved dock

Camera

GPS antenna

Diesel-electric vehicle
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Robot to control broad-leaved dock
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Laser technology 
for pest insect 
control!
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§ Absorption spectra of insects

Laser technology for pest insect control!
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§ Preventive

§ Laser mesh in front of ventilation

§ Curative

§ Direct insect killing through leaf

Two aproaches
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Announcements
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Summer School on Image 
Analysis for Plant Phenotyping

Organised by Wageningen Academy,
Wageningen Agro Food Robotics

Date July 2024
Duration 5 days
Location Wageningen Campus
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27 January - 1 February 2024
San Francisco, California, United States

Conference LA404
Photonic Technologies in Plant and Agricultural Science

UTILIZATION OF COHERENT AND INCOHERENT LIGHT FOR MANIPULATION OF PLANTS
OPTICAL IMAGING AND SPECTROSCOPIC SENSING OF PLANTS
DIGITAL METHODS FOR DATA PROCESSING IN PLANT AND AGRICULTURAL SCIENCE
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Take home message

§ Sensors are key components in 
agricultural and food industry.

§ Photonic technology is used in many 
of the sensors.

§ Together with research and industrial 
partners we apply, test and validate 
photonic devices in the agro food 
domain. 

https://www.wur.nl/en/Research-
Results/Projects-and-
programmes/Agro-Food-Robotics.htm
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