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11th of March [Day 1]

Location: Innsikten, VET building
Morning (Hybrid, 9:00 - 12:00 CET)

Lectures:

8:30 - 9:00: Welcome and coffee

09:00-09:20: Introducing Nordic phenotyping infrastructures and networks
Morten Lillemo (PheNo, NMBU), Kristiina Himanen (NaPPI, UH), Svend Christensen
(NBPPN, PhenolLab, UCPH), Xiang Su (NordPheno)

09:20-09:30: The Importance of Data Management in Plant Phenotyping — Morten
Lillemo (NMBU, NO)

09:50-10:25: Data management benefit, common practice and potential tools —
Jesper Cairo Westergaard (University of Copenhagen, DK)

10:25-10:40: Coffee break

10:40-11:25: The Road to Precision: Spectral Imaging for Abiotic Stress
Responses—Are We There Yet? — Sonia Negrdo (University College Dublin, IE)

11:30-12:00: Principles of handling UAV data — Sahameh Shafiee (NMBU, NO)



12th of March [Day 2]

Location: Innsikten, VET building
Morning (Hybrid, 8:45 -12:00 CET)

Lectures:

8:30 - 8:45: Welcome and coffee

08:45-09:15: Making Data FAIR compliant - Donald Hobern (APPN, AU)
09:30-10:05: Image- based Phenotype of Fusarium head blight in barley and wheat -
Brian Steffenson (University of Minnesota, USA)

10:10-10:20: Coffee break

10:20-10:40: TraitFinder: 3D Multispectral Phenotyping for Plant Research — Rita
Armoniene (LAMMC, LT)

10:40-11:10: Focus on PHIS main principles, architecture — Farzaneh Kazemipour
(INRAE, FR)

11:10-11:30: Closing online session - Kahoot
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PheNo - The Norwegian Plant
Phenotyping Infrastructure

Morten Lillemo
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PheNo objectives

To provide the plant science community in Norway with state-of-the art
research facilities and equipment for precise fenotyping under controlled
environment and in the field as well as seed phenotyping

PheNo is a distributed infrastructure with installations across the country:

Controlled environment phenotyping: NMBU, UiO, UiT, NIBIO

Field phenotyping: NMBU, NIBIO

Seed phenotyping: NMBU, UiO

N
* Data analysis and data management services: NTNU, UiT \




National and international networks

* A Norwegian node in EMPHASIS
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* International Plant Phenotyping Network

* Close connections to industry
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Visit our website at https://pheno.no/

s . : .
o9 PheNo A Overview of services

— o e+ Contactinfo

* Project leader:

Morten Lillemo
morten.lillemo@nmbu.no

e Coordinator:

Sara Laranjeira
sara.laranjeira@nmbu.no
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Finnish
National Plant Phenotyping Infrastructure
NaPPI

Research coordinator

Kristiina Himanen

University of Helsinki, Finland
11.3.2026




High throughput Phenotyping Infrastructure at the
University of Helsinki, Viikki campus, Finland

Small plant unit
Capacity 1080 plants

Cameras PAM Chl Fluorescence
Thermal imaging
RGB/visible light

Plant types Plants up to 40 cm,
Arabidopsis, herbs, in vitro

plates, red berries, GMO

ol .

Lafge plant unit

270 plants

PAM Chl Fluorescence
RGB/visible light

Crops, legumes, cereals, rosette
plants, trees (spruce, birch), up to
120 cm, GMO



* High throughput system for
(relatively) high sample numbers

» Hundreds of samples

* Automation of growth,
morphology and physiology
measurements

» Multisensor imaging

* Time series resolution
» from seedling to seed set

e Critical mass of data

> Effective data management Barley germplasm screen in drought (Prof. A. Chawade, SLU)




Research examples at NaPPl

Multisensor imaging for
high throughput
analysis of disease

progression

Chlorophyll fluorescence imaging for monitoring
effects of Heterobasidion parviporum small
secreted protein induced cell death and in planta
defense gene expression

Wen Z., Raffaello T., Zeng Z., Pavicic M. & Asiegbu F.
(2019). Fungal Genetics and Biology. 126, p. 37-49




Biocenter

National Biocenter Finland network .
Finland

Network of universities

with Biocenters

- Yearly evaluations

- Users, user groups,
national, international =

- Outputs, publications, |5
education, patents etc

- Coordinates Research

“ BF provides state-of-the-art technology services
that cover key technologies in life sciences and

Council of Finland biomedicine. The infrastructure services are
. organized into 17 Technology Platforms, which
fundlng and FIRI provide services annually for ~3000 research groups

roadmap appl_icatigns in academy, healthcare, and industry. All services are

provided with an open-access policy.”



Helsinki Institute of Life Science HILIFE

HELSINKI INSTITUTE OF LWFE SCIENCE

University of Helsinki research infrastucture network
Yearly evaluations
Develops evaluation criteria:
utilization rate, user base (excellency), cost efficiency
Funding for personnel and instruments
Rl career paths with Rl specific job descriptions
Has established Life Science Data Competence Center

Future Topics to promote in the long term:
- Multiomics approaches

- Platform collaboration

- Implementation of Al tools




Helsinki
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NaPPI partners and networks
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A @

SUOMEN AKATEMIA NordPlant O.A.K RIDG
‘ e UPSCALE - . National Laborato
Hm §
HILIFE R R ol UBIT
HELSINKI INSTITUTE OF LIFE SCIENCE i e § O Enst CVSTEMS
EASTERN FINLAND EUROPEAN COOPERATION
N( IN SCIENCE & TECHNOLOGY A, [niernational
PS ~ R e
-t = BN Phenolvping
w @ ’// @/ Network
li Q Maa- ja metsatalousministerin I

LUKe

Finland UNIVERSITY NETWORK



NaPPIl team

PhD Sylvain Poque, NaPPI, sylvain.poque@helsinki.fi
Project planner at the National Plant Phenotyping Infrastructure
Department of Agricultural Sciences, University of Helsinki, Finland

Till June 2026

PhD Kristiina Himanen, Docent in developmental plant biology _
Research coordinator at the National Plant Phenotyping Infrastructure, \ .
Organismal and Evolutionary Biology Research Program and Dept. of |
Agricultural Sciences, University of Helsinki, Finland
kristiina.himanen@helsinki.fi

\
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Nordic Baltic Plant

Phenotyping Network

 The Nordic Baltic Plant Phenotyping Network (NBPPN) is a collaborative research

network connecting plant phenotyping infrastructures and experts across the Nordic
and Baltic countries.

«  NBPPN was developed in response to the outcomes and momentum generated by two
earlier Nordic initiatives that concluded in 2023.

* QOrganization:
 an annual symposium (currently hosted in Bastad, Sweden)
« one thematic workshop per year
« aregular newsletter

« opportunities to network, initiate collaborations and share expertise



Members NBPPN 2026

The current Nordic Baltic Plant Phenotyping Network partners consist of:
e Graminor AS

« Lithuanian Research Centre for Agriculture and Forestry (LAMMC)
* Findus

» Natural Resources Institute Finland (LUKE)

« SEJET

* University of Helsinki

* (Centre of Estonian Rural Research and Knowledge (METK)

* Norwegian University of Life Sciences (NMBU)

* The Arctic University of Norway (UiT)

 Danespo

» Swedish University of Agricultural Sciences (SLU)

« Lantmannen

» University of Copenhagen

» TystofteFonden

* Lund University

 DLF

* Technological Institute Denmark



Organization 2025

Prof. Svend Christensen, University of Copenh , Jon Arne Dieseth, Graminor
NBPPN chairperson NBPPN Vice- Chairperson

.|

. Katja Annette Willrodt, University of Copenhagen
NBPPN Project Mgr.

Johan Lundmark, Lantmdnnen
NBPPN Vice-chairperson

NBPPN Steering Committee 2025:
The members of the steering group are:
Svend Christensen (KU) Chair

Jon Arne Dieseth (Graminor) Vice-Chair

Johan Lundmark (Lantmannen) Vice-Chair

Kristiina Himanen (University of Helsinki)

Mathias Timmermann Christiansen (Danespo)
Gintaras Brazauskas (LAMMC)
Morten Lillemo (NMBU)

N o DN WIN ==



Upcoming events

NPPN Field Day 20109.

2025

e Register here for the Annual Symposium in Bastad, Sweden: 20th-21st
November 2025 at Hotel Skansen
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Nordic RI Hub for Digital
Plant Phenotyping (NordPheno)

NordPheno positions the Nordic region as a leader in sustainable innovation,

creating a unified, data-centric Rl for the future of agriculture.

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI



%The Need for Plant Phenotyping Digitalization
[l % @

& Unique Climate: Nordic crops grow at the edge of Overcome RI -
cultivation zones with increasing weather fluctuations. Fragmentation IoT & Distributed Al
A Green Deal Goals: 20% reduction in fertilizers and 50%
in pesticides by 2030. Establishing the Nordic Plant Data Revolutionizing phenotyping via edge
. . . Hub—a federated ecosystem linking ~ computing, autonomous sensors, and
z AU el Cetlgho it Uil s servers and cloud services for Digital Twins for simulation and real-
Phenotyping with predictive modeling for genomic trustworthy data sharing. time insights.
selection. ?
¥¥ Interdisciplinary Gap: Bridging the skill void between e

plant scientists and computer scientists.

Training & Networking

Establishing intensive educational
activities to bridge the knowledge gap

HELSINGIN YLIOPISTO between biology and cor'nputer science
HELSINGFORS UNIVERSITET methodologies.

UNIVERSITY OF HELSINKI



Digital Pipeline for Plant Phenotyping

Phenomics Edge Cloud Storage ‘Multimodal Al Crop Modelling | | Visualisation &
Data Collection Processing & Management M for Pre-breeding Reporting
\ ‘ ﬁi s{:-f g O —
; : e ——
WATA) A ¥ [l=
loT Sensors, Drone, T
Imaging System Simulation Web interface,
Captures EdgeAl, On-site server / models, breeding Query analyser,
heterogeneous Filtering, Feature Cloud, Metadata strategy, Visual Trait
raw data Extraction Tagging optimisation Maps

Current Rls rely on siloed data systems with limited A disconnect exists in implementing Al-based

interoperability. Manual Excel-based workflows for phenotyping due to limited interdisciplinary training

time-series data delay insights by weeks. in Computer Science areas like IoT and Edge Al.

Target: Automated segmentation and integrated Python pipelines. Target: Educating a new generation of bilingual (Bio+CS)

researchers.




W Consortium Partners & Expertise

Partner Institution Core Contribution / Role Country
Univ. of Helsinki Al, Edge computing, Indoor phenotyping (NaPPI) Finland
NTNU / NMBU loT, Al for Agriculture, Plant breeding, Field trials Norway
‘ Univ. of Copenhagen HTP Indoor & Field phenotyping (PhenolLab) Denmark
NIBIO / UiT / UiO Arctic crop adaptation, Precision agriculture, Genomics Norway
‘ Swedish Univ. of Agri. Sci. Sustainable agriculture policy & Field trials Sweden
Work Packages (WP)
Y= WP Network Coordination & Strategic Alignment. S FG A: FAIR Data Management & Repositories.
W= WP2: Research Mobilities & Joint Publications. “Z FG B: loT Sensors & Edge Computing Strategies.
::l WP3: Workshops and Intensive Training Courses. IEI FG C: Al Analytics & Plant Digital Twins.
<5 WP4: Dissemination, Communication & Outreach. f FG D: Emerging Tech (Gene Editing, Bio-pesticides).
HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET

UNIVERSITY OF HELSINKI
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The importance of /’ Iy

data management @

Morten Lillemo

>
Data Management Workshop at NMBU 11.03.2026 \\ s




90% of science is lost!

[SAVE MY)
e Of 100 datasets created... DATA!

* 80 remain in the lab (unshared or hidden)

* 20 are shared but rarely reused
* Fewer than two meet FAIR principles

* Only one typically drives new findings

* The result: delayed research findings, meta-studies short
on evidence, and research that cannot be reproduced

N

https://www.frontiersin.org/news/2025/10/13/90-of-science-is-lost-frontiers-revolutionary-ai-powered-service-transforms
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Why should we care?

* Unpublished data from master
students, PhD student, postdocs etc.
are difficult to re-use if not properly
organized and described

* |n worst case, experiments have to be
done again by your new student




Why should we care?

* Properly organized and described datasets
IS a pre-requisite for meta-studies
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Metadata — data about the data

e What’s in this can?

N




Metadata — data about the data

e What do the numbers in this table mean?

Plot | Genotype | Plant_Cover |Plant_Height| NDVI
1101| 45 60 67 0.800 | |1161| 45 60 | _—67 L0800
1102 3 65 60 0.830 | |f102)”" 3 & 6 60 | 0.830
1103| 1313 70 70 0.868 |/ |1103 3 L7270~ 70 0.868
1104| 1617 70 68 0.864/| 111047 1617 + 70 68 0.864

// -
1105| 1528 55 70 0.888 1 t11651 1528 55 70 0.888

%scription of the growing conditions

How the traits were measured, which
sensors were used, etc.

Metadata

N\




The FAIR data principles

FaR DATA TRNCIPLES
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The four basics of FAIR data

What it means in practice

discoverable with metadata, identifiable and locatable by means of a
standard identification mechanism

always available and obtainable; even if the data is restricted, the
metadata is open

both syntactically parseable and semantically understandable, allowing
data exchange and reuse between researchers, institutions, organisations
or countries

sufficiently described and shared with the least restrictive licences,
allowing the widest reuse possible and the least cumbersome integration \\\‘
with other data sources




Things to remember

* FAIR is a set of principles; not a standard

* Does following the FAIR principles mean that your data has to be
shared openly with everyone? NO

* Data can be FAIR but not open. For example, data could meet the

FAIR principles, but be private or only shared under certain
restrictions

* Open data may not be FAIR. For example, publicly available data
may lack sufficient documentation to meet the FAIR principles,
such as licensing for clear reuse \\\




MIAPPE

* The Minimum Information
About Plant Phenotyping
Experiments (MIAPPE)

* A data standard designed to
harmonize the description of
experimental and computed
data to enable its sharing,
publication and reuse.




PHIS

* Phenotyping Hybrid
Information System (PHIS)

* A database system for plant
phenotyping data

Clients

SILEX-PHIS Architecture

Web Interface .
r “-—u Gnpls/Ephesis
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i
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BrAPI

. — Databases
* The Breeding API (BrAPI) o . e
. . database : || database : datahaﬁ:::
* A standardized web service — 3 - rdf
==Y S il

APl specification for = I
exchange of scientific data [CE

Breeding APl swagger

* Enables interoperability sV e TI%
among databases and tools T I

Imput and cutput formak ; J50MN

PHIS web client developped with 77
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: From Phenotyping Experiment
Enjoy the | , - .. toFAIRData
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Data management

* Benefits
« Common practices

e Potential tools

Jesper Cairo Westergaard,
UCPH, PLEN, Crop Sciences, Biostatistics Group

UNIVERSITY OF COPENHAGEN 5 of ¢ ] )
FACULTY OF SCIENCE i - i . )
5 e .‘; .‘l‘.:_,:rﬂ ‘. r:
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.? UNIVERSITY OF COPENHAGEN - SCIENCE

This presentation

Title given: Data management
benefit, common practice and potential tools

So, I have split this up into exactly those three
e Benefits
« Common practices

 Potential tools

PheNo: Data management
workshop - From Phenotyping
Experiment to FAIR Data

Wiles invite research Mr:d professionals interested in plamt
phematypong a 14.] r"-anagurr.er:._} participats i a hands-on
viorkshaop foocused n"ﬁ"r"ii'!ﬂilﬂ“;l‘;al;.-m aned data reasability, Tha
aetivity will-amphasize bast practices for argenizing, storing, and
ERrng data 9 magimis e g -Tarm value

There will be some slides reused from earlier work by Isabelle Alic, Sylvain Poque and me.

And then at the end---

* Questions? Comments?

» and sharing of your experiences with DM - good or bad
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About me

Jesper Cairo Westergaard
Master of Science (MSc) in Agriculture

Part of the Biostatistics Group at the Section for Crop Sciences, Department of Plant
and Environmental Sciences, Faculty of Science, University of Copenhagen

My office hours, greenhouse and field work, mainly takes place at our Taastrup
Campus, Hgjbakkegard Allé 13, DK-2630 Taastrup

Networks: NBPPN — the Nordic Baltic Plant Phenotyping Network

Project involvement currently:
IBIS: Initiative for Biofertilizer Innovation and Science
RIC: Robotic Intercropping — From monoculture toward diverse cropping systems
OCH: One Crop Health: Next generation crop protection
MATRIX: Microbiome Assisted Triticum Resilience In X-dimensions
RootAccess: a root phenotyping field facility
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Some of our research platforms at Taastrup Campus

RadiMax
root research

BootAccess
root research

Weather Station in the field
+ anvironmental sensors in climate
chambers & greenhouses

Mobile climate stations

Robotti
autonomous robot

Drones

PhenolLab
automated greenhouse

Person observing in field or greenhouse
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Some of our research platforms at Taastrup Campus

RadiMax: Root research

* Above and below ground

* Cameras inserted to tubes
o one per two rows of plants
o angling down

* |[sotope insertion in watering
* Imaging from drones
* Rainout shelters (manually)
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Some of our research platforms at Taastrup Campus

RootAccess: Root research

L
T

« Tunnel, 3m deep
« |n total 1296 inspection windows

« Splitinto 24 panels
o 12 north, 12 south

+ access to the full root zone of the
crop in real field conditions.

» Camera insertions 4% W gaiAm =.E E I;Vd
« Permanent sensors for soil sensing R :m: ::::: - i
» Samling access for soil and roots — ' b ! E h
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Some of our research platforms at Taastrup Campus

Weather Station in the field
+ environmental sensors climate chambers & greenhouses

* Soil
o Temperature
o Humidity

* Precipitation
* Wind
* Radiation
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Some of our research platforms at Taastrup Campus

Mobile climate stations

* \We can move them from one
field to another

* \We can also access data
near a farm in a project

* Data on cloud > manual
download to local PC

* Data alsoin
a phone app
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Some of our research platforms at Taastrup Campus

Robotti

* Autonomous operation
* Imaging

= Sowing

* Tilling

* We added extra high-
fgquality camera with a
very powerful flash, to
get homogenous lighting
for modelling images
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Some of our research platforms at Taastrup Campus

Drones (,%

Ty

* Autonomous operauon

» [maging
o RGB
o Multispectral
o Thermal
o LIDAR

* Spraying herbicides &
sowing/dropping seeds
o Still in process with permission

10
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Some of our research platforms at Taastrup Campus

P he n D La b Vision overview

Flank haight

; - Tharma 1
117 fixtures/plants TN ek

= Automatic watering , Weighing, height, Reotain
and imaging (multispactral and thermal Muiltispactral

» 4 watering sources (different nutrition) Flourescance

=%

11
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Some of our research platforms at Taastrup Campus

Person ocbserving in field or greenhouse

Mergin Maps
* App for phone/tablet

* Imaging, text, lists, checkboxes,
dropdowns, maps, track a path, save a
location, arrange views in tabs for better
user expe ri&m:e

* Interface designed in QGIS = pushed to
cloud = pulled from phone

* Phone synchronizes to cloud

= Data the pulled
to QGIS from cloud
for further handling,
visualization,
analysis, and for
data management

/;u:u:h support QR codes

EiiE

E.g. fior pots, plots,
MNelds, SEnsors,
machines...

Ensures data valld|ty:
You scan the [tem
bafore you start your
:1|1n|||.':|‘.in|_5. H.‘1|11p|i|||_-;.
imaging/sensing

b

3

Licor LIGOO

* Plant physiology

* Single leaf

+ Stomatal conductance

+ Chlorophyll fluorescence

12
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Some of our research platforms at Taastrup Campus

Collection Storage Integration

Overview

Also, with partners,
sometimes public

Department only

of systems
... currently

RadiMax
rootresearch

RootAccess
root research

Weather Station in the field
+ environmental sensorsin
climate chambers &
greenhouses

Mobile climate stations

Robotti
autonomous robot

Drones

PhenolLab
automated greenhouse

Person observing in field or
greenhouse

Automated,
incl. dataloggers

Soil and air
sensing

Timed daily pull
from dataloggers
to PC and onwards
to networked drive

Data live to cloud
(proprietary)

Imaging, sowing,
tilling

Imaging

Imaging, watering,
weighing (twice
daily).

Manually

Imaging, isotope
insertion,

Imaging,isotope
insertion, soil samples,

We pull from cloud to
us, with temporaland
geographic range

Mission planning,
data transfers

Phone/tablet : Text
images, position/track

Leaf physiology,
incl. position

Before Availability Storage
release
(non-curatedy

Once added to
resource

Once added to

networked resource
el Raw: Upon Curated:
request Yearly (Jan/Feb),

web wiith DOI,
frozen archive.

networked

drive

Networked

drives

Comments

Weather Station,
Senmatic

Cordulus

Robotti

Dronevolt,
Pix4D, Agisoft,
QGIS w. PlotCut

Proinvent,
Videometer

Mergin Maps

Licor LIB0OO
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SCIENCE

But, enough about us---

14
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What is Data Management in research 22\

SCIENCE ¢

“Research data management refers to the handling )
of research data (collection, organisation, storage, E U Ro P E

and documentation) during and after a research
activity. Good data management helps ensure that
researchers share their data in a FAIR way (findable,
accessible, interoperable, and re-useable). Research
organisations increasingly require their researchers
to develop a data management plan to ensure that
all aspects are considered from the start of an
activity on.”

Collection
Organisation
Storage
Documentation

Source: https://scienceeurope.org/our-priorities/open-science/research-data-management
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What is Data Management in research

Data Management involves the practice of planning, collecting, keeping,
and using data securely, efficiently, and cost-effectively.

Key Components:

* Data planning

» Data Collection

» Data Storage

* Data Security

* Data Governance
* Data Integration
* Data Analysis

U

https://rdmkit.elixir-europe.org/

16
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Benefits of Data Management

Mismanagement of data

Late arrival of data to “next in line”

Incorrect metadata or parts of the data

 Example: Bungled up CRS (coordinate reference system) or other location data, e.qg.
north/south reversed

Insufficient metadata
* Missing time-of-day. May not have seem relevant but it ended up being.

Does anyone else have some examples?

17
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Benefits of Data Management

* Living up to standards or at least realistic expectations
* Helps you and your colleagues
 Helps others
e Is probably a de,mand put upon you already

O FAIR data Pascal Neveu @InraMontpellier explaining FAIR implementation
. at an international plan in @OpenSilex and @PHISphenomics
« Findable
» Accessible

stadata and ndexed m portals

Interoperable

Reusable azed protocols (ntemet protocols),

=4 formats and shared woCaADuUianes

slevan! metadata for understanding
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! .. about sharing and especially keeping data FAIR |

Scientific community at large
Reusability == Open Science

Collaboratars

Coworker and newcomer

20
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Common practices of Data Management

 When applying for a project
« Demands from funding bodies:
» Example for a project, in a moment

« With the project starting

 Ongoing

 Wrapping it up

o Afterwards:-- The lifespan of your data (?)

22
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Common practices of Data Management

When applying for a project:
An example from the project Robotic Intercropping

Researchers will teach robots to grow
wheat and clover grass on the same

field
..... application

DM as a part of the

ROMOTHS Acrarcoeaon rebeamn ceifd bed p Farmeam red ice tha s al pacicides and
graw lacd rocr pnanram st b & snm pen ot led Ty Uveeremy ol Copethapre avra g
paen the wiry Far rebales inagricd Hiswe by seplermg bow rlte e oogeces e
eudirdared pllmigrily oe far e plo of Lasd The Seso Herdok: Tamesien iz
A E e e BO0f S L WA g granr ol T wdiae DEE |36 lien U

¥ T v
" B SRR
x - - AT .
- =I Y
>
TE
Imagme a field without & tractor. (rstead, the heavy machmery i3 -
risplaced by smaller, self-driving rofoas e ——
Thac's 1he vision Bshird the riw Rohotic inteTorapping project Led -
by Prolessar Swend Christensen from the Department of Plant and =
Envirommantal Soences, the ambigious profect isa collabaration :__:_ |
patwsen Che un--mns.%l\;-\ﬁiﬂﬁéhhwm rhe Teghwilcal Uniyersiy of == |
. ] — o - r—

DIW:E (oL, the Uinivarsey #Mﬂﬂ” Cenmark, and
WagRRIngen Unkesity in the Pautharlards

Read more here: https://science.ku.dk/english/press/news/2025/researchers-will-teach-robots-to-grow-wheat-and-clover-grass-on-the-same-field/

23
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Common practices of Data Management

When applying for a project:

An example from the project Robotic Intercropping

Thits management wmd aecess

Dot wwid] bt goa Bl By i sy e pomiwtvini, LITLARS i Cr895 receiiven. oa el i
v ickevimt! cemis (led Wil be dedil dati g i (s pesind off the oo 1 inoiiied o6
el pleionm. Thos il das by oowsd-traih dots be validae calibesis Sad s earion
pxluding nnially soiplsd plesorppe asl soesi-rebed e e The da ol ax bide
wrodis, 100 podal el sl € AN arred it ea e col) broreet on el o it eead s sl
k] v b 1hwia #.I'I'L'I:.'PI.' rdnemieas | boik mmmel br azd swormicaly, prooomally esd
A rlely morpenindy e Rarvee daw Vi, ke cheanie

Do vl Lt oy i e i tive: Bl dehorpiand 1o e bacliv kil iciiad. T pesipec) il
atabire i e vaay' of i Boied s, el ouie Emairs ot ms oo dpeell 16 RIS g
frpen de sobote, LAT fles foin 18 LiDAR sl podin el ks Bk sae- Dot il opei-spinne
Fricaael 11 il B costirnd (el S eiever gamciile, iy propoectay i Gooasds mEll slio e
evalabin for Friee skamzs 12 s dee sed opemesnce fome Peradid o ilas daw il b=
FTHCTIEE FICISIEE KSR ki g snamie ol assealic deicinl uq:lnl
s et e o et | adlane e reropa oy arielads. Tabds | proeades m ovendes ol
T dbwa ooy ol el b e o e pregecs

Spawsal -, 2 ared 200 jacindfipg pealocated dem will e soewd winh posdosd spcaraimes
Tegiguend i Deoaki witlon 8 sigde mial S adeo fx aefdiig dais odnerviins, o chas
e i wall alish v leerimites argEend Lidily, dadd i v fiw Baidi el el
ke (imk-speaie o st el cler gRdin coelesl Wil b beld o ke
el iag oo Rl wrveis e Mgkl NS SleaePoin sml CTH « ERDUAG

. With the project starting

. Ongoing

. Wrapping it up

. Afterwards--- The lifespan of your data

ity v ol dirgsd om g dbendd senver Solpapuetly, ol dats derread o s
o Wil bee mecieresd W e ceaiod i ey

The Phassnpma Hybnd Infanaaren Syoan (THIS) devilapad by DiRAR (Rovae @l
01wl be nmplemer Ackdin oaally, dere miey b dis need far o cemralizad Rfnmeon
el Ky Pkt b e vodacdie sl ieiies ey oale dide mapstalien fer mislefizg el
ity Wit it Sereer capuitry Will be cf Oprat i Dowenl piitser bisd oot el
ol mimummerss pmueed by die cacoaon el e For the Qo ron SO0
wrll proekds baomrg oo e digimd racm bessad, pgam o (b nanoosl prfsemenes o sl bn
Dwd w Dol {iaveruities

Tha g 6 drqram g fic noomnm (dciore o wefom e of e prosct-cosisl
i apad avashn awrdee el g rasaalacgiies g i de Tngdicang o dedral
plaE afoimeaion oD did el Cipliaie Wil socepal oidolagies i TERVER
e e plid pliydolesy. meiplaolesy, niagie>ening g tology, PHIS alos Ba
pameEny eriokopss node edidaal opauararemi rpes. N seew dow o Eioimeem
plasiam s wad, protrcads wll b anplansa e o saues mipne e pperg o de eieon das
i ke Detwoe silemie ail otikdigic.
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v beras o rra g s rhasbad b

AR gree dhatn el B wiored oo p dnad-acoms dese e This isckiden opiicas S als
wared of 8B dladn el 1w g IFIHIEI']'!. pramisl md fvwenisl o e on be
prerypirg aoed o glag o peapial etk sermirs. b platis, el operariood monpes
T Tl L0 il DLAN K e i 1 e v Vel Ko ooty et petireneee ] fon pivisd D
irkpaity mhoil Bah e oo poaod® o ki ap dia’ o o deia

M rall mppen deinanay b v wa-deined Svodead s G2 e orevlalkes o e -

o eagraty. Ui D PRHLES seomvir, bmts vl b i b vl pinmint b i

®  Currap sooodeicd ek leod] el s of remdiess (7 one eemaly i de e
dareereanydann W ales wodk packa e

= Uomplans wih PAIE pruzples
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'I:ﬂ'! B !Itlllln:l.r\. Tl by r-nluhuqrm .

Common practices of Data Management !: | Sl
When applying for a project: I:" _:;;1:%@35: o
An example from the project Robotic Intercropping [0 pmmtmmas don i [

ixurgeremnh ol [nT wrmn
frd | Py e aie

L g el
[T T T
What data formats? e e
'-E\.-lu': T Rm De Fq.nlrng s | ® = 1 = ":ﬁﬂbul\.q.ﬂ-'l.g l--c-:h.lu;i;l'h\..-
1 o rsbag), Fop cala collactan 1 1 EE- e es ol et
. A . ! I'_"dfl L I:llulu |:l.l:‘I:I Tiiw = - T ] -1
Here a list of the data formats that we expect to use in the project =2 = wecoenn
| D, LA | Duttsaar i T iead duta
r Cutmar (RGN ands- sl
| | Irrerrecinsd & sl dew ]
[=T1] [ TTSyTE— « | = U | PATE s ot o e, e
| o weairs e T
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Iratn Usedh i _~ Cowsideratioms N | Comments oY | | N Pyl
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fle Enrmsats Fou et i s S |
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mieEgirerbenty, dar 1
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Potential tools of Data Management

e The two main types of Data Management tool

« The DM plan “Just talk”
* Necessary,
* but doesn't “get the job done
 The action
* Putting the data somewhere
* Ensuring its quality

e And the hidden tool:

» Persistence..
» Reuvisiting your data. OFTEN
* Having others involved
» Consider: How many people can deliver data to those who need?

27
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Potential tools of Data Management

* Feeling the need for “something better”

* But better is not always “perfect”,
e it can also be something that “gets the job done”

28
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Potential tools of Data Management

* Professional shared systems like PHIS —
actually has data stored in it (or linked to
other locations where the data is, eg large
Images

e The data about the data
 Example: MIAPPE

« Homemade systems just used in a research
group or a university etc.

29
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Potential tools of Data Management: MIAPPE

Structuring your experiment and associated metadata (- ) miappe

Minimum Information About Plant Phenotyping Experiments (MIAPPE, hitps://www miappe.org/)

* An open, community driven project to harmonize data from plant phenotyping experiments.
* Comprises both:

* Conceptual data representation
*  Recommended checklist of metadata required to adeqguately describe a plant phenotyping experiment.

s
e Each Elements have:
= |* g W ey + Precise definition
| o 1 ' = Precise description
|- — = ¥ l m .‘.:_ ".':T:'_'r -|-|- fmma Lo _-
e e To help you structure your
—— N N experiment and ensures
s | : m_ e its comprehensiveness
[* T
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Potential tools of Data Management: PHIS

'PHIS: an Ontology driven Information System for Plant Phenomics

e

CExpariment |
[URE, Timéng,

LRI, Type, date, et] |

P |

| SensingDevice
[URE, Tyoe, ele, )

Variables
[URI, Entity, Charsc,
| Mthod, U, #ic, ] A

Daia
{LIRd, Variabie, Tanget,
Frovemsnce, Date|

A |
Formalized relationships between entities | PHISS "
Crata annotaticn and enrichment

Col-0

Watering
25%

Watering
100%

Irrigation

31
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Potential tools of Data Management: PHIS

PHIS is an applications of OpenSILEX, develaoped to - PI_&!

= |
' e *  Day-to-day monitoring of experiments
Organize L paylti-scale and multi-source data « Web Services import | export
| = Manage _

N
PHIS

Mstactats [picey, Bactar,
senans; varinghles, i b
Ciaim

32
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Potential tools of Data Management: PHIS

PHIS™

@

Everything can be identified:

: *  Maming Conventions
plants, experiments, sensors,

Controlled vocabulary

events, etc. )
. Formalized relationships between entities
=  Persistent, unamblguous,
Data annotation and enrichment
resalvable

Highly structured data

*  Making data “FAIR"

= Enharncing flexikility for research

*  Improving understanding and reproducibility of data

* Easing the transition to Data Management Plans and
Cipen Science

33
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Potential tools of Data Management: PHIS

Identification

= Everything can be identifled:
plants, experiments, Sensors,
events, abc.

= Parsistent, unambiguous,
resalvable

uns of cart:
<hitp | fokenorre irfeneh /201 301300123

A oof cabiin:
“hitp/ fobenome frfarch 2015/ ac 18001 5>

UM of camera:
<hitp /fphenoms friwrch 2018/ ac 18001 9>

Rl oof image: <htto:/fohenome frisnch/2017/ic1 7002295855

34
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Potential tools of Data Management: PHIS

J\PH(?

Maming Conventions
+  Controlled vocabulary

= Formalized relationships between entities m Scabe (unit)
* Data annotation and enrichment
ShootSystem Height ImageProcessing MM
Merphalogical Param
Wariabde nama Eptiy Characteristic Method Units
e e P g L iyt Iy 1 e Uil
Snoathritem Width_imapsProcessing Millimeer ShiotSysbam WiidLh Imapsfiacassing Flillirripss
ShoorSystem_Porimeter_imageProceing Millimite ShooLSysiem Porimete imageFramssing rlilliimd e
Shootiystem Prajectedirea Imagefrocessing SguareMillimeter | ShoatSystem Projectediinea ImageProcessing | Sqwarekailimeter
ShoplSysiem_Compaciness Compuling, wnitless SheaLSysiem Compaciness Camguling unifless
ShootSystem Meight laserScanning Millimiter ShoatSystem Hesghit LaserScanning illireter
ShootSysterm FreshBiomass Weighing Gram ShoatSpxtem) Freshlliomass | Weighng Gram
ShiabSystenm _DryBipmags Waighing Gram ShoaiSystem DryBioimaks Waighing {Eran
Enviranemental Param
Warlabde namae Entity Characenistic Meihod Units
Air_Temperature Datalogging DegreeCelsie Air Temperatume Dataloggng | OegresCelsus
PAR_PPFDDatalogging MicraEinstens FAR PPFD Datalogging MicraEinsteins
Alr_RelathveHumddity Databogging PCT Alr RolativeHumadity Datalogping FCT
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Potential tools of Data Management

Example of a domain for DM: UAV (drone) data

e PlotCut for the advanced stuff: Can handle some DM aspects too
e But a simple stand-alone homemade program for the easy-access to data
 And NMBU building something amazing with UAV data managing

36
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Potential

tools

of Data Management
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POtentiaI tOOIS of Data Management — at the Danish e-infrastructure Consortium DEiC
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Potential tools of Data Management — at the Danish provider DEiC

Create a new plan

Eafora youl gat skartad, we need some infarmation sbeat your ressanch prajact B et vou 15 with tha hest DMEP temiplate for you
nessds,

* What research project are you planning?

(e -~ e Criap Health 1 miock preject for testing, practice, or educational
purpases

* Select the primary research organisation

Grganbaticn - o - Bio ressanch organisation associated with this

Kabatihavns Universtet ¢ Unlversity of Coaenfiagsn plan or my resesrch organisation i not listed

* Select the primary funding organisation

Fundar - o -EF Mo funder aasocisted with hE plan o my fursder
= mot Rsted

Which DMP template would you like to use?

UEPH Dats Management Plan termplate e found multiple DMP templates correspording to your fundar
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Potential tools of Data Management — at the Danish provider DEiC
OCH - One Crop Health

Project Detnis Conbrissors Plaf o et Share Eaquest Teedhack Diowioai
wpand all | collapsa all Oy'dd
Project information (D f 3)
Data description {0/ 2)
2, Rights to research data (0 /5]
3. Ethical and kegal appravals (D f 2)
2 Collechion, pracessing and docurmentation {8 / -1,
. Etoraga and information security {0 / &)
[Raka sharing {0/ L1)

7. Long term preservatan (0 / 3)

8. Respurces and respensibilities (0 4)

40



.? UNIVERSITY OF COPENHAGEN - SCIENCE

Potential tools of Data Management — at the Danish provider DEiC

OCH - One Crop Health

i Desseds

Set plan visibility

Publx ar organissbionsl visibiitdy @ ssfimded jor finehed plens. You must ansser ot et 30%% ol e guesbons b=
emable fhese opkmons. Mole: bead plans are sof i progsic sisthilily by delaui,
Frinpbd: Ne@nmad b2 woa Bed wosr COMBROTBENTE.
SOQATRSAOLNE Bl el DE L [P GRS ITOM T G Ea e SRR
Ll
Pl dryors Ciet walipe ir SER 6 Do Palde O e
" pboa i the afiRebon i delned brp the wsors Baenstbs and thek prelile and
S DardEDedd brp M oTDare DN,

Manage collaborators

Tmiim secils pacple o semd, siii, or adodmeear yoer slan. Inneas wil) recsines @80 @med nonfi rason the ey fane EEcEss 1o

Thia plan
ki P e e I aaneT

Invite collaborators
° Einasd

* Fermissions

L 1 AT
Sl
Wik o® i by
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Potential tools of Data Management
The MATRIX project at the ERDA portal of UCPH as an example

B rEr L F=T8e -

B iradn i
. MATRIX -'.:.Il-\.:-\l""\.l e

hhnﬂl'.':ls B Gachewion, 25 N
.l:l:.ﬂ_l" Data :l'lr-':'ﬂl'q'.'-'!'.. an M aisanet al JOI395-T0 - MATAI - Fald sord el O mages Tip
= | _ErreT LR (R

LB Bty i ANTTIN- 20070 LDODA- LD 2030830

- - mhr

M ek Integratiot 2020 g2l 2012 2 B eteromics
. b - ] I

Aaty structursg  overehiey . Kl [ Bl ewpon. 2603 ms 0F10 13 % SasE g
| ey g
= WaT IS -‘J-H." o wred (RN 3100 -6 10 e

= TR

-'u'III.”EI: I b5 ps LgBaTE R NTRS Do
| AT T4 I sy (LEDT LISE0)
M san-cata {videss, photas ete, far sFiow .:"-:-.;-H-. .
I s N

Frsel]

W oroceqnedDats

M =rgoceis Bnply

B RaaTate

--‘Eur-g_.

ﬂ Trash

M ccorputerome_backup
.-:rrlp‘.s

ol

FoO0i-30. L0

i TE)

yedl
M raa=odon asoo
I o is Re0n
-3-.::- per i |

W ratrmaser ey
s | e
o

i el o' Ll s
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Potential tools of Data Management
The OCH project Mergin Maps/QGIS as an example

One Crop Health: Next
generation crop protection

The One Crop Health project integrates the latest advances in
ngri-tuh, hin-r.e:hn-nln—,gj'. ecology, and data sciences to reduce
reliance on pesticides in agroecosystems.

One Crop Health for Next-Generation Crop Protection [s a
research consortium led by the University of Copenhagen, with
partners at Aarhus University, Rothamsted Research, and the
University of Sheffield. Funded by the Nowvo Nordisk Foundation and
running from 2024 to 2029, the project aims to reduce pesticide use
In cropping systems through innovative, sustainable approaches.

Inspired by the One Health concept from human health, the project
pramaotes a holistic One Crop Health framewark that connects plant,
soil, and agroecosystem health. By combining agroecological
practices with cutting-edge technologies in data science, robotics, and
ecology, the team will develop tools for early detection and prediction
of pest, weed, and disease outbreaks.

The goal Is to minimize chemical interventions, enhance biodiversity,
irmprove soll health, and bulld resilient cropping systems for a more
sustainable agricultural future.
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Potential tools of Data Management
The OCH project Mergin Maps/QGIS as an example

Let’s jJump into QGIS and take a look 'S/@r@ OF 4,/ P0sy.

https://plen.ku.dk/english/research/crop sciences/weed-ecology-and-evolution/one-crop-health-next-generation-crop-protection
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Potential tools of Data Management

Mergin Maps: Our own interface

Genearal Information

ddla

DE-I-2T DO T ES

] Tearwm ]

S Laos imleng sord -

|:| B s e e SRR FI

o F [ ]

Trial information
1 vt o g v

OnaCrapHaih - 34-206 e

h——_
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Potential tools of Data Management

Mergin Maps: Our own interface (continued)

&£ P baglio

1 =srers rhrmaen I:l-—-u-'d—-—
Plot or parcel 1D
U Par i pai 11 wir
Growth parameters
1 ass wamgid i
] Vs o wrd

+

[ Uk b miide e

g . L aamn

=

£ Plaw s

Sample 1D

O merewii B P

[ S ik I i

Soll sample Information

C) et v s

) Byl i e

i

A Ted Vanmprae

[

0524 ¥ P =t |
& P (didinia -
. s X
Sample ID
IO meremie 0 P
I Ui it K1 PV
=
Harvest fsampled
) Sl N 1§, e, A
w

[ Wl Pl
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' Thank you for listening

Feel free to reach out to me:  jew@plen.ku.dk
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UNIVERSITY OF COPENHAGEN
FACULTY OF SCIENCE
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BECAUSE WE TRY TO ANSWER EVEN
THE CRAZIEST QUESTIONS

science.ku.dk



The Road to Precision: Spectral |
Stress Responses- Are We

1 : . | | - .
- = - . - An Roinn Talmhaiochta, . o .
U C D = : — : ' .‘ | }I.:'.E] ﬂglu':;l:\"[gr_q 2022Agr0b'0dlver5’ty
g DugL —a ' - = . L Department of Agriculture, 1 54
@ . e’ —————— ~ —— “ Food and the Marine
'_ _ ! i - —

e laighde Eireann

sonia.negrao@ucd]e " Y\ Research Ireland At




What is the plant phenome?

Environment gEE =+ Genotype

“The phenome quantifies how an organism interprets an environment
with a set of phenes to form an optimal multi-scale phenotype.”



What is Plant Phenomics?

o e - 5 - 6 0 Interactions across Spatial Abiotic and Biotic Known and Unknown Phenes Measurable Traits
M u l.t | d ISCI p |-| Nna I’y scilen t | fl C and Temporal Scales Environment —* Phenome ~= THCROlypso

discipline that systematically
studies the "phenome"— the set
of a plant’s possible phenotypes
and its spatio-temporal
Interactions with the
environment

Bucksch & IPPN community (Submitted)




Who is a Plant Phenomicist?

“A plant phenomicist defines formal
systems to discover the dynamics of
plant-environment interactions”™




How can we asess abiotic stress using imaging?

FeT-sinessedd
plami

alteration of rool
system architeciune

S (MBI and Xray CT) [

Al-Tamimi et al. (2022) Open Biology 2 (6): 210353



RGB vs Hyperspectral

Hypercube RGB Image

X bands
N m Green

Blue

Radiowaves Mircowaves Infrared Ultraviolet X-Rays Gamma Rays




What about the hidden half?

Paper-based / -
el o5 Asroponics

Hint BERe

3D laser

Poulain et al. (In preparation)



Ireland- the land of Guinness
and Irish Whiskey
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Fourth mostimportant cereal crop in the world
Human food, animal feed and production of alcohol



IRISH WHISKEY DISTILLERIES MAP

# ] #
PManned Mew Existing

IRISH WHISKEY DISTILLERIES
01 Alitech Distibery - Dudblin
y - Kilkenny
'fll".llliu:'_-,' Wate

DHes il er =1 oith

The Impact of Terroir on the Flavour of Single Malt
+w Whisk(e)y New Make Spirit

ﬁ T A

by #2) Maria Kyraleou ! &2, 2} Dustin Herb 2 & @ Grace O'Reilly ? &2 2} Neil Conway * &2

4 .___:_:: | g |
= =y

! Tom Bryan and 2% Kieran N. Kilcawley '~ &

Foods 2021, 710(2), 443, https:/idoi.org/10.3390/foods10020443



13 Jeroe

SDG 13 Climate Action

Image source Irish Times
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What is waterlogging?

Submergence
Complete

Waterlogging Partial

Air: 21% Oz
Hypoxia: <21% O,
Anoxia: 0% O,




Reduced height
& biomass

Leaf
coloration

o) e

Chlorosis

Reduced
branching &

Aerenchyma
formation

Anoxic
Condition

Langan et al. (2022) JXB 73: 5149-5169




. Genetic diversity is key for stress tolerance

Hypothesis:
Modern cultivars were bred under optimal condltlons
favouring yield-traits

Heritage germplasm have higher stress tolerance,
but remains largely uncharacterized



|

" ExHIBIiT

'x..‘\\
'~ 1) f "
R\Eu s‘,‘{ éar/l Herltage Barley collgg
HI{ | | .
{

N




EXHIBIT §

Northern Europe
2-row Spring barley
363 accessions

Bernad et al. (2024) FiPS : e1268847



https://doi.org/10.3389/fpls.2024.1268847

stablishment of
he ExXHIBIT core
ollection:

From 363 to 230
Ines




Two phenotyping conditions

Under controlled conditions Under field conditions




Two phenotyping conditions

Under controlled conditions
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Shoot Data




Root Data

Daily measurements

Time-point specific
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Plant responses to stress are dynamic

900,000

Treatment

*  Control

== \Waterlogged

- P

= WATER1

*  Confo

i = . - T -4} o . ™
:- L = i o . - =
30{}1 000 _..-,ci":' T i e ' e e o gy [reatment
& e — . & r S

+ Wwalesleggad

12 3 456 7 8 9 10111213 14 1516 17 18 19 20 21
Day

Bernad et al. (in preparation)




How can we interpret complex data?

Normalized Difference Quantu Yield (QY) Water1
Vegetation Index (NDVI)

Bernad et al. (in preparation)




Shoot and root behave differently

RGT Planet
RGB RGB — S R AR
| o~ 20000
=
£ 15000
Control (T12) Waterlogged (T12) o
® 10000
i , . s 2
| g : =~ » .
=z O R A\ /) £ o
ﬁ]__' I/ l A | — \\r‘[i a1 T~ ﬁ\"e“f t:a 012345678 9101112
RN !,‘_,f Py I !E / s | (I SIS ™= K Day
=N — 28 f I— v

Condition = C == W

RGT Planet

Root area (mm?)

? 34 5 6 7 8 9 101112
Day

Condition — C =-+'W







What is Machine Learning?

“Machine learning is the study of computer algorithms that allow computer
programs to automatically improve through experience” - Tom Mitchell

B e

Training Testing Prediction

Data Collection Preprocessing



The Machine Learning Process

Supervised Learning

e Split dataset into train/test:

Unsupervised Learning

e |dentify patterns in a unlabeled dataset.
o Train algorithm using training set.
o Test performance using test set

o Most common method - clustering analysis

e E.g., K-Means, Hierarchical clustering
e E.g., Support Vector Machine, Random Forest

Dataset Labels



Deep Learning

Deep learning — ML subfield

Cascade of la - \\/ \/
yers {1 $:‘# ?}% = OGtBUET
o Each node extract features from input data. (g ) _ .-‘;- — Qutpu
4'(. ".ﬁb'a

LA @A

!
i/

N
Each layer - output of previous layer as input data : "

) — Outputn

Common applications:
o Object detection
o Image classification
o Semantic segmentation




RGB vs Hyperspectral

Hypercube RGB Image

X bands
N m Green

Blue

Radiowaves Microwaves Infrared Ultraviolet X-Rays Gamma Rays




Plant segmentation in HSI| has challenges

Original Masked Colour Segmentation Overlay
.l " A NN = | - ';-. "l:. L - |

"

G2 O

LR
i I
am / i

*';’f

\I
;

/
{
\L >

I

-'-'"-H-"'-. i - !_.-"'
|

|
L

'h-il

Current available methodologies

Define Values (Keep) Define Values (Remove)

e Imaging systems use straightforward colour
segmentation.

Pick Optimal Formula

e Segmentation output needs improvement for plant

biologists

e Binary mask - SWIR - problematic in alighement of all Segment Image

layers



Using Deep Learning for Image Segmentation

Augmented Mask
= I| | 'l‘

1

Deep Learning Segmentation

e Lightweight version of U-Net.

e Data aggressively augmented.

e A network for each datatype.




Improving image segmentation using DL

Existing methods U-Net

Walsh et al. (2025) bioRiv



Can we improve root segmentation?

Groundtruth Available U-Net

Walsh et al. (2025) bioRiv



How can we interpret complex data?

Normalized Difference Quantu Yield (QY) Water1
Vegetation Index (NDVI)

Bernad et al. (in preparation)




Can we determine main traits to predict stress?

Early Stress Late Stress Recovery
1-7 days stress 8-14 days stress 15-21 days stress

P —=g e e =
SiP = e —-—— - - 5P
MCARIL e e e oSEV!
QSAV -——*—- 3 PSR
PSR ity e MCARI
WATER 1 e YWATER]

-*lnﬂiil i & [ FHI E = & FII.I_I

. . KOV " ke ROV

- .-’.-.-- -
‘+_ oY » OV

. s

+

R 3 ,

0.4 .2 9.0 1.2 0.4 0.6 i b4 902 08 02 04 08 i6 04 07 00 Y
SHAP value limpact on model output) SHAP value (impact on model output) SHAP value [impact on madel output]

T
NDVIZ2 PSRI J SIPI :
[——— VEGETATION INDICES (FEATURES)

CLASSIFIED BY AI

Qy

Bernad et al. (in preparation)

CQuantum Yield (QY}); Project Shoot Area (PSA), Normalized Difference Vegetation Index (NDVI), Structure Insensitive Pigment Index (SIPI), Plant
senescence Reflectance Index (PSRRI} Photochemical Reflectance Index (PRI) Improved Modified Chlorophyll Absorption Ratio Index (MCARI);
Optimized Soil-Adjusted Vegetation Index (OSAVI)




Can we use ML to understand root dynamic
responses to stress?

STARSEED (Peeples et al., 2023) to evaluate treatment effect on root system spatial
arrangement :
e Fvidence of spatial shift towards superficial layers

e Reduction in lateral spread at depth

Control(T12) Waterlogged (T12) Control (T12) - Waterlogged (T12)




What are the genetic regions underlying
longitudinal traits?

GWAS Interaction Model:
Y= G_SNP+Q+Treatment+G_SNPxTreatment+
(1 | Taxa)+K

Bernad et al. (in preparation)



What are the genetic regions underlying
longitudinal traits?

3D-QTLVis

Water1 throughout time

Bernad et al. (in preparation)
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Can we further improve imaging in the field?

Unlocking 3D Insights: The Power of Point Clouds in Agriculture

e A Three-Dimensional Point cloud (3DPC) is an unstructured representation of data
e Contains more phenotypic information than 2D images (e.g., plant height, canopy structure, etc...)

e Easy to construct 3DPC from RGB or MS images (a combined Structure-from-Motion and Multi-View
Stereo photogrammetry technique) [ Challenge: Big Data processing

Jiang et al. (2019) “3D point cloud data to quantitatively characterize size and shape of shrub crops”. Hortic Res 6, 43




What do we know about 3DPC?

U||t|on methods Al Algorlthms used in 3DPC analysis

o B

...........................

...........
P B Ll Fabrt

Traditional ML
F'l;rmtl.l.ll:t HLF‘ Tl"

Tr.il:l:l:lm'ril HL ChH Transformer Transfoomer
hethod o -

-
. Lasar Tnmnqudahbon . Cithar Type
aaming-hase: SFM-RVS

e DL is now dominating, 3DGS and NeRF have breaked out recently.

e 3DPC Data acquisition mainly used ToF sensors and SfM-MVS pipelines.

Chang et al. (2026) Smart Agric.Tech. 13: 101869



Can we develop a 3DPC from RGB and multispectral
iImages?

WebGL 2D Gaussian Splat Viewer

By Fewin Mok, Code on Githet
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Yes, we can! Using a modified 3D Gaussian Splat- 3DGS:

e Established a rapid 3DPC reconstruction method

e Developed an automatic extraction workflow for orthophoto and 3DPC indices



Ongomg resea rch & future perspectlves N Jﬂ,—_:-a
( BUVS QU N GIS R AU B IS L\ TN T o AR
e 3D-QTLVis manuscript In preparation

e Exploring HSI segmentation in UAVs

e Root data analysis ongoing
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Principles of handling UAV data

Sahameh Shafiee

Norwegian University of Life Sciences



Field Phenotyping Platforms N M

Different type of platforms
Satellites g %
va:::;l ::rial § ! . :
Unmanned aerial § ’i' 1'3:&.

Stationary Platforms §
Phenomobiles ©

Phenopoles g
Handheld Mobilephones

Field Based High Throughput Phenotyping Rapidly Identifies Genomic - gn.racesociety.com

32
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First Drone in 1905

The Drones that You have to Feed — Pigeons

SRRIAN. Shipant & Phatagragter § b St L)

Before there were Drones, there were ... Pigeons with Cameras? | by Nathan Allen | Frame of
Reference | Medium

2 Norwegian University of Life Sciences


https://medium.com/frame-of-reference/before-there-were-drones-there-were-pigeons-with-cameras-300e471154a6
https://medium.com/frame-of-reference/before-there-were-drones-there-were-pigeons-with-cameras-300e471154a6

UAV Applications in Agricultural

 Plant Phenotyping
 Planting seeds

* Field Monitoring

* Disease Control
 Pest and herbs control

 Crop damage assessment
(lodging)
* Livestock management

33



Light Spectrum and Sensors

6400°F 2,150°F §50°F

J6 um, 2 um 4 um 10% um

In general dizcussions m
mfrarad wavelsngths are
categorized as either short,
medmum_ and long. A mors
precise description of these
wavelengths 15 m Licrons, 2
unit of measure that is

1000= of 2 millmster,
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Light Interaction 5

A Leaf - Light Interaction

B Leaf - Pathogen Interaction
Colonizstion slrategies of fungal pathogens
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NDVI and Plant Health

- L)
. ilbl

DOI: 10.1094/PDIS-03-15-0340-FE




lmaging Sensors

Multispectral

Hyperspectral

Spectrum Pixel Spectral Image

-

&

relative reflection
S
wn
5

500 600
vevelenath [nmj

Therma

RGB Image Thermogram

“m. .

N

LJ:

7 dai




3D Imaging Y

* Many different sensors and techniques are used for the measurement of the distance of objects to the

camera, acquisition, and formation of 3D images.

* Optical applications: Passive, such as stereo imaging and structure from motion, or active, such as

structured light and time of flight.

RGB
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Time of flight (ToF) and T
Light Detection and Ranging (LiDAR)

Laser Laser
* ToF and LiDAR cameras are based on signal modulation and fransmitter | | Recelver
ranging. e
2 4A
* Measuring the distance between the sensor and a target 5 :
Echo"‘ Pulse:: E "-. ..'. _'.Echo

object by detecting the time difference from the signal
emitted by a transmitter, reflected on a target object, and
captured back by a receiver.

.
- -
R4 . ' Echo
L

distance d

Ground

—_—

The drone LIiDAR operation principle - LIDAR drone OnyxScan,
UAV 3D laser scanner (onyxscan-lidar.com)

time t
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Structure from Motion (SFM)

* Creating a disparity map between the images
from a single moving camera.

* The distance between the points where each
image was captured by the camera can be used
as the distance between “cameras.”

* The main challenge of such a strategy is that
the object of interest must remain practically
motionless.

——
30-Model’, '

2 L

Structure from Motion (SfM) photogrammetric principle.
Source: Theia-sfm.org (2016)
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What can we do with a UAV?

Harvesting

Mapping - Se;\ig
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How? N

RGB images Mutispectrl |
images

3D models
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Yield Estimation

12

https://www.sciencedirect.com/science/article/pii/S1161030120300381#fig0055

GIS-8BASED LAND AERIAL SURVEY FIELD SURVEY WiTu
SUITABILITY ANALYSIS OWNER

S

ARl i des Slipe, Rainfull AGE Images e captured foe M HQeCTIN images oo Covect plamting done/age. vooly
Featnn Duzance Yoo Ajetn goraring DOM 10 extrmt e idaomed 1o gana e P IOTTAN. ANl Souniety
il Roed s Sl type, Lannd Coner plact growth ioformatnn VREMIITN Iodeses NDWVI fodom Loid oaner
(ng LAL IFRAM) NCRE, Savl mEC)
o =13
Hests dueare
[ Laryd Condition ficohysical infermmion | Plant Infarmation
! 1§ nformation
[ ! = v ]
|

Machine Leaning and AL Anslytics

Yield Prediction Model

https://anavision.com/blog/cassava-vield-prediction/
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Disease Detection

A Leaf - Light interaction

B Loat - Pathogen Interaction

Colonizanon syategses of fungal pathogens

NDVI<0 : Dead plants, NDVI< 0.33 Unhealthy baliats i A e
0.33< NDVI< 0.66: Healthy , NDVI>0.66 Very healthy

DOI: 10.1094/PDIS-03-15-0340-FE
X% —-Y%

-1 S NDVI = ———— < 1

X%+Y% ™

UAV sample NDVI mapping for
health assessment and disease detection (Shamshiri et al., 2018).
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Plant Height:

o g — e T ——y
ey e st =
LT T T e ——
PORASL TR NORTRAS  URART MR ORI SRR
[ e S T T e R

UAV equipment Images collected by UAV

CSM model for plant height

Count, Height Growth, Temperature Nitrogen, Chlorophyll
The developmental
stages of the plants
Emergence Vegetative stage Flowering Maturity

Schematic overview of the different ways to extract spectral information from plants throughout
a growing season(https://doi.org/10.1002/ppj2.20100Digital Object Identifier (DOI)).

14
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UAV processing chain

|
|
I
|
I
acquisition preprocessing il image analysis |

I
|
UAV platform: |
Plug and play?? !

UAV and camera specs  SEOMelry  vegetationindices biomass,
System integration atmosphere icrop reflectance LA, N/Chl
Flight planning 'models (RTM) In plant,

Image quality | ET,

UAV regulations |

backward engineering

variables/
products

[+
N

|

I

I

I

) applications

|

|

I

I

I L] -

' monitoring

' task maps

| allert services

| management zones

|
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Introduction to Photogrammetry 5 v

* Photogrammetry: Science of obtaining measurements and spatial information from photographs.
* Uses multiple overlapping images taken from different angles.

* Applies geometric principles to reconstruct objects or terrain in 3D.

* Images can be captured using drones, aircraft, satellites, or handheld cameras.
* Processed with specialized software to generate:

3D models

* Orthophotos

CI ,' Pixed 6?; Bag

 Digital Elevation Models (DEMs) —

* Maps
* Widely used in surveying, mapping, construction, archaeology, engineering, and environmental monitoring.
* Provides accurate, efficient, and non-contact data collection.

* Increasingly accessible due to advances in drones, digital cameras, and computing power.

16 Norwegian University of Life Sciences



From 2D to 3D-Stereo vision

From 3D to 2D

One camera

Far appears smaller
than near on image

From 2D to 3D

Two images
Triangulate to get

sense of depth

nert optique

rétine (champ nasal)

2004 de vision
binoculaire

17
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From 2D to 3D Stereoscopy

3D point — %

2D Keypoint

Camera model
(focal length,

principal point, 3
lense distortion) - (camera position & -
rotation)

2D Keypoint

Camera model
(focal length,
principal point,
lense distortion)

18
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3 main processing steps in Pix4D il

Step 1: initial

prngessing Step 2: point Step 3: DSM and
densification orthomosaic

Images

== calibrate cameras + Calibrated cameras Point clouds

exterior orientation == point clouds == DSM and orthomosaic

19 Norwegian University of Life Sciences



Step 1: initial processing [
Images => calibration + exterior orientation

3 foe-
ac'@ﬁ :
@#
o
q,eﬂQ

. . 600000 :
Example: 60'000 keypoints  Average of 6'000 : matlches = - Average of GPS
(14MP,  per image ! matches per pair : 1900003D ' OR
100 ' of images . Pointsfor100 . min3Gep
images) ' " images project -
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Getting Enough Matches

Enough matches:

75% overlap
enough matches

O S o O
O ® -
O
o
©Se |o
O @ -
:»1[}00match@ O
e ——

V

P o © g
o
o © O
@e e ©
<100 majches

=7
20% overlap
not enough matches

21
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Extract Keypoints

 Good Images:

« Natural textures: rocks, bushes, dirt

» Urban features: buildings, streets

* Resolution: >10 MP

» Keypoints: >10,000 extractable points
 Difficult Images:

» Low-texture surfaces: sand, snow, fog
* Blurry or out-of-focus images

» Overexposed or underexposed

* Low resolution: <3 MP

» Keypoints: <100 extractable points

22 Norwegian University of Life Sciences



Flight Plans 5
[+

N

|deal flight plan

e regular grid flight plan
e easy terrain: 75% frontal, 50% side
e difficult terrain: 85% frontal, 60% side

il crialio == [T
=R e r‘ e Fars } Space for fiight path to
bbb L L stabllize for a straight run

—
' =~ Area imaged

iiiiiﬁ

e L o S
R RN NN N

H.I

Difficult flight plan . EEREE: ke
e low overlap . SRR E
e multiple images at same location . el
e corridor mapping : $ 28 E.E"_,.'i."_.;- |
e high difference in altitude (>2xGSD) ! e i oA S Z 5

X g S - e 2 -

@ - TR S S

-&. - -i!'_i...._-"

<
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Flat terrain with agriculturefields 5 U

(M
image width N —
>— Area of interest

/\
image
height 1 _

» overlap between images to at least 85%
frontal overlap and at least 70% side
overlap.

| * Fly higher. In most cases, flying higher
side | improves the results,
overlap

» Have accurate image geolocation and
use the Agriculture template for processing

onial in pix4D.
overlap "™
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Designing the Image Acquisition Plan

Computing the Flight Height for agiven GSD r__JU
N ]
« Ground Sampling Distance (GSD)
» Definition: Distance between the centers of two consecutive pixels on the ground.
Import ‘_L‘—I—W
* Importance: - :
) I'-_n‘,'r
— Determines the accuracy and quality of the final results.
|
— Affects the level of detail visible in the orthomosaic. T
! HG
« Smaller GSD — higher resolution and more detailed maps.
_‘.‘""‘"nw rd
G50 = desired GSD [cm/pixel] Swe= mal sansor ot fmm)
H / FR = DW"/ SW i = dMETET CovRned an e QLA D ar UTagE i e AT CAEC TG (DGR WX 1) pmy

) | H [m] = (iMW * GSD * Fg) / (S * 100)

Dy = (imW * GSD) / 100.
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Designing the Image Acquisition Plan v

Computing the Image Rate for a given Frontal Overlap

» Theimage shooting rate to achieve a given frontal overlap depends on the speed of the UAV/plane, the GSD,

and the pixel resolution of the camera.

D = distance covered on the ground by one image in the flight direction [ m] X

overlap = percentage of desired frontal overlap between two images .“—". v

od = overlap between two imagesin the flight direction [m] SR

x = distance between two camera positions in the flight direction [ A

v = flight speed [nVs] ;f S

t = elapsed time between two images (image rate) [ 9] ‘**
D,, = distance covered on the ground by one image in the height direction (footprint height) [ m] e ———
imH = image height [pixel] % od "
GSD = desired GSD [crm/pixel] - D i

Cameraoriented with the sensor width (long dimension) per pendicular to the flight direction (usual case)

od = Overlap "D (1) Combining Equations (1) and (4) into Equation (2): X = ((|mH* GSD) / 100) * (1 _ overlap) (5)

x=D-od 2
t=x/v ©) _ :
D=D, = (imH* GSD)/100 (4) t=x/v=((imH* GSD)/100) * (1- overlap) /v (6)

Combining the equations (3) and (5):
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Flight Height and Image Overlap

y Qvenap
« Higher altitude — lower resolution of captured images. |
« For mature crops / general variability mapping: S ARy
» High resolution not required — fly higher (20—-120 m) w
/0% overag

« For young plants / emergence studies:
* Fly lower (20—-60 m)

» Allows individual plants to be distinguished from the solil in the final map.

p» 1 e 1| g 3

27
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Model Georeferencing NI—_'J
Project size, orientation, and position are initially unknown . WO

GPS Tags

 Provide approximate position, orientation, and scale of images

* Require good synchronization between camera and GPS

* Higher number of GPS-tagged images — better position approximation

 Typical GPS accuracy may include ~10 m random positional shift

28 Norwegian University of Life Sciences



Collecting Ground Control Points (GCPs) N —
Points with known coordinates located within the area of interest.
* Projects with image geolocation:
— GCPs improve absolute accuracy by placing the model
in the correct real-world position.
— Reduce GPS positional errors from meters to
centimeter-level accuracy.
» Projects without image geolocation:

— GCPs are required to correctly position and scale the model.

29 Norwegian University of Life Sciences



M+
How Many GCPs? N—
« A minimum number of 5 GCPs is recommended per project. oo
2] ® ccp
» The GCPs should be placed evenly on the landscape to minimize the 2
error in Scale and Orientation. .
* Do not place the GCPs exactly at the edges of the area " .
' @

 Try to place one GCP in the center of the area

‘ontal overlap >= 85% side overlap >= 60%

Distribution of the GCPs.
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Map Without GCPs and how to correct

«  Map Without GCPs: May have incorrect position, scale, or orientation, GPS
errors can cause shifts of several meters, L ower absolute accuracy; suitable

only for rough visualization

e How to Correct:

Add (GCP9)

Without GCPs With GCPs
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Multispectral Imaging | g3

Visible ight . i-

Micasense RedEdge

[ =] 303 [ i) MOy L= Ll

WI'l'IlﬂTﬂ'.lh nm}
| s
Npr= IR —Red
; NIR + Red

\ vrcy — VIR~ Rededge
| Redege — Red

EFT=25%

Multispectral cameras

(NIR — Rededge) |
(NIR+6*Red -7.5%* Bine+1) |
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Calibration

Foctars ;ot alteo

rodonca IDRgram from Humboldt Stats Unversity 1))

.
Rx1e -

T

Hyperspectiral Data

v oy -

il Mmaspherknﬁ(wected
¢ b White Pane| d
§ oo

Spectrul signatures showing radionce versus refleclance
for n pure white panel, vegetation, and a dirt road. The

radionce signoturas show same of the main areas whare
otmosphernc effects ore a problem, [2]

The importance of calibrating your remote sensing imagery - Materials Talks (materials-talks.com)

42
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Questions?

Sahameh.shaflee@nmbu.no
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