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Introduction
® Gerrit Polder,
e 30 years at Wageningen University & Research.
® Senior scientist computer vision for plant
phenotyping
® Background: Electronics/Applied Physics. B
e PhD on Spectral Imaging \ W’
® Aim of this presentation: \X\\\g\s
® To give an overview of the Netherlands Plant Eco- """
phenotyping Centre, where our drone facilities
are part of.
Contact: gerrit.polder@wur.nl
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Wageningen University & Research ..
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= 15,000 students (BSE/MSc/PhD) =

. 100 countries

— f tydlu by f;»- 7.500 enﬁployee

organisation-for innovation in”
\ the agrifood sector.
- ® Working with industry, -
governmental authorities and ~+ ® 65 researchers on Agro Food
other knowledge institutes - Robotics
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Netherlands Plant Eco-
phenotyping Centre

WAGENINGEN

UNIVERSITY & RESEARCH
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Netherlands Plant Eco-phenotyping Centre
NPEC on the NWO roadmap for large scale research infrastructure.
Budget: 22 million euros (10 years), funded by the Dutch Science Organization
(NWO), Wageningen University and Utrecht University.
Open for access, research visits exchange for universities and industry.
fi www.npec.nl
*NPEC
Netherlands Pllcmt
wasenmoen Contie 1S %!% e Ut
K
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® NPEC is a high-tech plant research facility

® The facility is jointly hosted by Wageningen University and Research
and Utrecht University

® In NPEC, we will measure the plant’s “phenotype” which means
“how a plant looks”

® The facility will be open for national and international academia and

industry
Rick van de Zedde
WAGENINGEN
UNIVERSITY & RESEARCH WWW. n pec. n I
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Netherlands Plant _
Eco-Phenotyping 7 g

Centre

Highly controlled:
® Wide range of Temp / RV / CO2
© High irradiance LEDs
® Daylight simulation LEDs
including dusk / dawn

Equipment to measure:
 Shoot / root growth

® Stress response

© Photosynthesis

Sensors for:
 Fluorescence & thermal imaging

© 3D /RGB/ Hyperspectral cameras
® Environmental conditions

sration by

1INANS

Industral Design

4 Greenhouse
compartments /
202010

o Optimal climate control

e Optimal lighting conditions

o Shading screens

o Air handling units:

-heating

-cooling
-ventilation

W Nethertands Plant
Eco-Phenotyping
Centre

Plant to camera
conveyor system

# Belts with automatic
weighing and watering

2 o >175 scales including
Separate imaging stations: 4 e it >/ 3 5
- -RGB/3D hyperspectral d | |nd[v1dua| watlen:g/nutrlent
| -Chlorophyll fluorescence regimes per plan

© Combined with:
-3D/multispectral imagin
-Thermal imaging
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WAGENINGEN Courtesy: Stijn d’Hondt — VIB Gent

UNIVERSITY & RESEARCH
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NPEC Open field module:

Consists of:

® Two M300 drones
® One field vehicle
® Field sensors

® Data integration of
field phenotyping
equipment into a
central data
management platform

WAGENINGEN

EEEEEEEEEEEEEEEEEEE
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NPEC
Netherlands Plant B
Eco-Phenotyping
Cenfre
Geo-referenced
data(RTK-GPS):
aaaaa
Height profile
(3D LIDAR)
Hyperspectral \\ ¢
(VNIR/SWIR) K
' N
=
J 14



Stargate Drone Workshop 20 July 2023

RTK GPS, 2 spectral cameras (VIS NIR/ SWIR), LIDAR SSlely H|gh-
resolution RGB camera.

-AB line drlvmg " plot polygon based data capture

Sensor Fusion - full mtegratlon on p|xe| Ievel of all sensor data

\

)

++ Plant performfa’:-ncev?.—.s LettuceKnow project
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As a.researcher I'm involved in making
lettuce a model crop species...
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T CloudCompare v2.11.3 (Anoia) [64-bit] - [3D View 1]
[C file Edit Tools Display Plugins 3D Views Help
~ 2 ) R s
PEGEF LR X S Al s M~ 4 - L
DB Tree a8
(F=n|
¥ [ @ ped_example.csv (C:/Users/Nick/...
L] © pcd_example - Cloud
11 Ll ped_example.ply (C:/Users/Nick/...
© pcd_example - Cloud
+
3
&
.
Properties 5
=
)
b=t
oo
Console
[13:45:18] [1/O] File 'C:;/Users/Nick/Desktop/npec_test files/pcd_example.csv' loaded successfully
[13:45:52] [PLY][Comment] Created by Open3D
[13:45:55] [1/O] File 'C:;/Users/Nick/Desktop/npec_test files/pcd_example.ply loaded successfully

v we fis| 1S

{J

CSF Fiter
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’ TraitSeeker data post-processing tool

Process single file | Process folder | Help |

Process single TraitSeeker data file

Enter File Details
Select HDR-file:  |C:/Users/Nick/Desktop/npec_test_files/planten.hdr Browse...

Save path:  |C:/Users/Nick/Desktop/npec_test_files Browse...

Process

Save file name: planten

Select file type: O ply O csv
Pointcloud colour: RGB Filter outliers: O
Brightness: @ Contrast: @ y—
Sharpness: @ Colour: o e
Extra scalar fields: () NDVI  (filter: <NDVI < ) Image colourmap: | hot
) MCARI (filter: <MCARI = ) Image colourmap: | hot v
O eU  (fiter: < Gl = ) Image colourmap: | hot v
) OSAVI (fitter: <O0SAVI= ) Image colourmap: | hot L

Index Info| | Save Images | Save Pointcloud | | Show Pointcloud| Analyse

13:20:22
Succesfully loaded: planten.hdr

* File information:
- Bands: 224
- Band shapes: (725, 1024)

- Wavelengths: (397.66 nm - 1003.81 nm)

13:19:58;
**% Welcome ***

Make sure that th
is located in the same folder as the

Display Image
Channel: |RG8 p
Colourmap: L hot M
Filter Outliers:
@
Process

File name (without extension):

Save Image

NPEC

.cmb.hdr file.

Reset

Start by loading a .cmb.hdr file in the top left window.
hyperspectral data file (.raw file with the same name)

Enlarge Image

20
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”,', eker data post-processing too O
Process single file | Process folder | Help
al
&) Figure 1 - X e —
« Fi
Double click on a pixel to display its spectral graph i |
525 3
Enter File =0 A 2000 4
Select HDR xxx
St
Save A3 s
is 1 1500 4
600
- Displa o
Process |
625 1000 -
Save file G ~N\MIJLV\/\M/\;).«[
650 Colo
Select fi
Filter 500 4
Pointcloud 675
700 o
y 0 50 100 150 200
File na
Extra scalal |
al€s] lal=/ B ~alels] o= B
TG Umer] — [S GO =7 Ty Tmage C pr7 ot v
|Index Info| | Save Images | |Save Pointcloud | | Show Pointcloud | | Analyse |
|Enlarge Image |
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Data labelling tools:

Data

Thermal analysis of Lettuce

530 (14)jpg 6.00 (14)jpg

8.00 (14)pg

1030 (14)jpg

WAGENINGEN

UNIVERSITY & RESEARCH

Data

630 (14)jpg 7.00 (14)jpg

10.00 (14) jpg

+ ADD DATA

A Priority 4

00
T Al
@ Dore
New
@ Being annotated
In Review

Q) Processing

x4 :
Leat

83 lettuce
Lettuce
Plant

£ soi

weeds.
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Field phenotyping - drones

® 2 DJI Mavic 2 Pro
® 1 DJI Matrice 210 RTK 2.0

® Zenmuse X5S (20Mp RGB)
e FLIR Tau 2/ AirPhen combi.

B - V:;:elength’E:m ) - Airphen + FLIR Tau 2
Standard set of bands Example Thermal image 19 May 2020 on NPEC field
25
New equipment 2023
DJI M300 RTK DJI L1 DJI P1 RGB
Lidar (45mp)
WAGENINGEN
26

13
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® Multispectral

® Thermal

WAGENINGEN

UNIVERSITY & RESEARCH

2x M300

27

27

Drone recording 09-06-2022, RGB, 7mm detail

PlotID
-

% ‘1

S~

~

PlotID

Traitseeker: 10-06-2022, RGB version of
spectral image, 1.5 mm detail

28
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Phenotyping aspects

Before lowering [2)

® Plant counting
® Plant emergence

® Plant Height

Mroured  Plant coun
parametare (50 plots wi

® Plant Biomass

Height measurements
(33 week of august, 50 plots) ot

® Plant lodging

® Plant ripening

® Plant structure

® Plant quality

® Other plant traits

WAGENINGEN

UNIVERSITY & RESEARCH

' ™ \
" Plant diseases o e ortton k.."“

- Wihich stage corvelates best with final yield
(which stage saturates}

29

Example datasets available:

® Barley and violins (from germination 3 months weekly+

scans). Oct 2020 - Dec 2020. NB: 4 Tb of data.
® | ettuce plants multiple plots with drones/ FieldExplorer
®  Wheat scans with drones/ FieldExplorer
®  Potato plants scans with drones/ FieldExplorer

® Thermal data handheld and drones of lettuce in July +
cabbage in January over the day every 20 min, and each

minute at noon (made by Kevin Yao). p—

= Etc.

WAGENINGEN

UNIVERSITY & RESEARCH

30

30
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NDVI images from plots — sorted on disease scoring
Lk il S Ve

3_Combined_SpecimFX10_392_202109 3_Combined_SpecimFX10_393_202109 3_Combined_SpecimFX10_415_202109 3_Combined_SpecimFX10_416_202109
07-001_ndvi_hot.png 07-001_ndvi_hot.png 07-001_ndvi_hot.png 07-001_ndvi_hot.png

3_Combined_SpecimFX10_430_202109 3_Combined_SpecimFX10_431_202109 3_Combined_SpecimFX10_436_202109 4_Combined_SpecimFX10_20_2021090
07-001_ndvi_hot.png 07-001_ndvi_hot.png 07-001_ndvi_hot.png 7-001_ndvi_hot.png

4_Combined_SpecimFX10_35_2021090 4_Combined_SpecimFX10_43_2021090 4_Combined_SpecimFX10_62_2021090 4_Combined_SpecimFX10_66_2021090
7-001_ndvi_hot.png 7-001_ndvi_hot.png 7-001_ndvi_hot.png 7-001_ndvi_hot.png

4_Combined_SpecimFX10_70_2021090 4_Combined_SpecimFX10_81_2021090 4_Combined_SpecimFX10_82_2021090 4_Combined_SpecimFX10_85_2021090
7-001_ndvi_hot.png 7-001_ndvi_hot.png 7-001_ndvi_hot.png 7-001_ndvi_hot.png
31
NPEC needs an Information System:
® Store, organise and manage:
® Highly heterogeneous data (e.g. images, spectra, growth
curves)
® Multi-spatial and temporal scale data (leaf to canopy level)
® Multi-source (field, platform)
® Environmental data
® Enrich datasets with knowledge and metadata (enable reuse of
data and meta-analyses)
® Interoperate and integrate data into external resources (e.g.
modelling platforms or external databases).
® Provide FAIR data (functionally linked)
WAGENINGEN 32
32

16



Stargate Drone Workshop 20 July 2023

Dutch
Academic / Industry

Research @
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NPEC Modules

33
~ Module E Central storage E PHLSa:eI%Ud'
infre ' and data analysis !
: | am @ SurfSara
! 1
| ! ,
1 . 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
! ! Raw data archive
WAGENINGEN
34
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NPEC

Current attention level and status

2. Plant-Microbe 3. Multi- 4. High-
i i Throughput 5. GreenHouse
1.ECOtron Interactions Environment > d
henotyping climate chamber Phenotyping phenotyping
? climate chamber

SurfSara

iRODS

WAGENINGEN

EEEEEEEEEEEEEEEEE
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Data infrastructure in NPEC Greenhouse

36

36
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Open field module

Giving some idea of the amount of data

WAGENINGEN

UNIVERSITY & RESEARCH
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Embedding

5, International

otyping
" Network

Netherlands

- European
ﬁ :l:t-::rnnzypan.
EPPN 2020

Transnational access

Academia
Industry

WAGENINGEN

UNIVERSITY & RESEARCH
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Partners / TKI partners/ Club van 100

Support/ gebruikers Leveranciers Academia
@t prantum) P FME (0 st (ot INNEC &2 o)
: IPPN NVIB
DUMMEN ORANGE sent Bnenotey  Ewune T o
syngenta N et ﬂhlPK
DELIFLOR |QOPPERT mak/ouinb @ Cropliats (@ tatman S Sk
¢ f _X = )
((((((( o et S, MDY RverisSeeds S || 4 hoogendoorn & | hiphen | | #ULICH W EMPHASIS
o N . - g
A% PHC ( a2 L4 v Solynta. . s
G e \‘SQLLTECH - Aqthurg Y Jansnel plantDitech :gl'!sow E UNIVERSITY OF NEBRASKA-LINGOLN

Gy (@ oo 2%
D @ wowe fDekker @ TVF & <] | p—

e P bejo = UNIVERSITY.
9 > tage oD
@ Linagrain ingec Pl.?gn}@ling WPt (& vantage [:(gﬂ perClass
HHHHHHHHHHHH PHenospex  (p INRAC
pupEon e @ A Smart Plant Analysis

cljr | (¥) acricuLTuRe robor

WAGENINGEN

UNIVERSITY & RESEARCH
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Opening NPEC and IPPS2022

Conference: 450 researchers worldwide

Key notes, live demonstration,
workshops.

® > 100k sponsor budget

250 visitors opening NPEC 26 Sept

40
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§npec

More info: www.npec.n/

Thanks to input from:

Mark Aarts, Rene Klein Lankhorst, Peter
Roos, Sven Warris, Lucas Schmitz, Tim
van Daalen, Henk Kramer, Basten Snoek,
Jannick Verstegen, David Brink, Rinie
Verwoert, Tom Theeuwen, Corne Pieterse,
George Kowalchuk, Jochem Evers, Katarina

Streit and many more!

WAGENINGEN

UNIVERSITY & RESEARCH
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20 July 2023

Announcements

WAGENINGEN

UNIVERSITY & RESEARCH
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MOOC Drones for Agriculture: Prepare and Design Your Drone (UAV) Mission

Home ~

I~

ed)|

Take a dive and expand your
knowledge about drones and drone
technology. Learn how to prepare and
execute a flight mission with an
Unmanned Aerial Vehicle (UAV) and
how to use, process and understand
the collected drone data for your own

applications.
Online
: Wageningen
MOOC Drones for Agriculture: Organised by University &
Prepare and Design Your Drone Research
(UAV) Mission 3 weeks. 2-5
Duration !

hours per week

WAGENINGEN  https://www.edx.org/course/drones-for-agriculture-prepare-and-design-your-dro

=) vﬁvilﬂgg§$iﬁﬁf§§§s:h_ < > > O
Summer School on Image

Wageningen Agro Food Robotics
Date July 2024
Duration 5 days

% Location Wageningen Campus

-

WAGENINGEN
E SUMMER

SCHOOL
i“’\

22
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SPIE. 7"

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

27 Jahuary:-'1 FeuI‘:)ruary 2024
San Franéisco, California, United States

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

-
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