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The European Society of Agricultural Engineers

Prof. Claus Grøn Sørensen
Aarhus University, Denmark

Past President 2016-2018, EurAgEng
Current Executive, Council member 



The European Society of Agricultural Engineers (EurAgEng) 
exists to promote the profession of Agricultural and Biosystems

Engineering and the people who serve it.

The Society is particularly active in Conferences, Working 
Groups, Publications, Networking and International lobbying.

EurAgEng is the European member of CIGR,
the world wide agricultural engineering organization 

(International Commission of Agricultural and Biosystems 
Engineering)
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NJF is Non-governmental organization
About 1,500 members
Non-profit organization
Nordic and Baltic countries
6 sections:

Plants, animals, environment, economics, reindeer husbandry and 
TECHNOLOGY & INNOVATION

ORGANIZATION



NJF congress, this autumn in Iceland (September 2022)
Seminars & Workshops
Active working group meetings
Section board meetings
National board meetings
New president – Jarkko Niemi,  LUKE, Finland

MAIN ACTIVITES

pp







Want to join NJF and be a member?
Costs about 30 € per year (some variation between countries)
Join us now: visit https://nordicagriculture.eu/

MEMBERSHIP



Hans W. Griepentrog
(Professor, PhD)

Institute of Agricultural Engineering
Technology in Crop Production
Germany

Agricultural Robots For New Sustainable Crop 
Production Systems

Advances and Innovations in Agricultural Engineering 
The 4th NJF - EurAgEng - Agromek Joint Seminar, 29.-30. November 2022
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Future System

Today

Definition of Terms

Precision Farming
Site-specific treatment
Map based variable rate applications
Automation
Automatic steering, section control & 
self adapting complex machinery

Smart Farming
Realtime systems
Fusion & analysis of information 
Decision support

Digital Farming & Farming 4.0
Internet of things (M2M)
Cloud computing
Big-data & AI
Robots

Digital Farming

Smart Farming

Precision 
Farming
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Certification of Sustainable Farming (1)

Source: Packeiser, DLG, 2018
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Ecology Social Economy Management
1. N balance
2. P balance
3. SOM balance
4. GHG emissions
5. Plant protection
6. Biodiversity
7. Soil protection
8. Water protection

9. Salaries
10. Working hours
11. Holidays
12. Education & training
13. Employee interests
14. Employer interests
15. Occupational

health & safety
16. Social commitment

17. Ordinary imputed
result

18. Netto-Cash-Flow
19. Utilization of the

longterm debt service
limit

20. Profit rate
21. Equity ratio

22. Operating Code
23. Risk management
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Certification of Sustainable Farming (2)

Source: Packeiser, DLG, 2018
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Certification of Sustainable Farming (3)

Source: Packeiser, DLG, 2018
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Data acquisition - Export from FMIS !
(Farm Management Information System - FMIS)
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Mechanization – Two Strategies (1)
1 - Robots for conventional implements & applications



Hans W. Griepentrog / 10 April 2019 / Slide 9 Technology in Crop Production

Mechanization – Two Strategies (2)
2 - Robots for specialized implements & applications
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Mechanization – Two Strategies (3)
Overview

Systems for conventional implements 
& applications

High power (100-500 kW)
High machine weights (>8 t)
Soil degradation
Standard coupling
(3-point hidge, hydraulics & 
electrics) 
ISOBUS data communication
High capacity (ha/h)
High costs / investments
Crop management

Site specific (PF), auto steering, 
section control etc.

Systems for specialized implements 
& applications

Low power (5-50 kW)
Lightweight design (< 2 t)
Efficient soil protection
Machine specialized on 
application
Needs swarm for high capacity 
(scalable)
Fits to all farm sizes
Scalable costs
Crop management

Individual plants 
(high spatial resolution)

New step of
mechanization

New step of
cropping system
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Machine weights 
Total and specific mass
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Future Cropping Systems (1) 
Biodivers – Soil Preventing – Digital

Small scale & highly divers crop production system
Climate resilient production system
Digital and robotic solution for more opportunities
Interdisciplinary and systems oriented

Source: 
M. Gandorfer
Digital Farming Group
Bayerische
Landesanstalt für Landwirtschaft
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Future Cropping Systems (2)
Strip Intercropping

Source: 
M. Gandorfer
Digital Farming Group
Bayerische
Landesanstalt für Landwirtschaft
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Small Robots – New Mechanization
Slow speeds with more accurate performance

High productivity via variable number of small machines (scalable)

Small units highly flexible, no advantage of large cleared fields

Higher resource efficiency (lower use of operating resources).

Preservation or even reintroduction of landscape elements (biodiversity)

Increased biodiversity
mixed crops, landscape features, contour cropping

Selective treatments e.g. for weeding and harvesting
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Paradigm Shift – Biological Intensification
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Adapt technology
to nature

Adapt nature
to technology
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Outlook – Same mechanization for all?
Conditions of Agricultural Production

Production for the world 
market; low intensities; 
low land prices; high 
automation of 
subsystems

Appropriate technology; 
medium and high 
intensities; low labor 
costs

High product qualities; 
high safety and 
environmental concerns; 
high labor costs, 
investments and 
intensities
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Summary

Sustainability needs more quantitative attention. 
FMIS data and certifications can help farmers assessing their farms

Robotics and digitalization allow new possibilities for crop production.
High working qualities by driving slowly
Soil protection through light vehicles.
Increased precision farming effect through high spatial resolutions and 
individual crop targeting.
No more advantages of 'big cleared out fields’.
Reintroduction of landscape elements and agricultural biotopes.
Machines are scalable in their function, thus flexible and adaptable.

Paradigm shift: technology adapts to nature, not vice versa.
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Thanks for your attention!







Kg N/ton 2018 2019 2020

Minimum
Maksimum

CV in %,
farms

















Below 80 kg N/ha in 
organic fertilizer

Above 80 kg N/ha in 
organic fertilizer

Env. impact of catch crops (kg N/ha) 
(Hansen et al., 2020) (simple 
unweighted averages of effect on clay 
and sandy soils)

22 35

Env. Impact of precision fertilization
(kg N/ha)

2 3,2

Conversion factor (rounded off) 11:1 11:1









Background

et al.



Mistra food futures
“…enable transformation of the Swedish food system into one that is sustainable 
(environmental, economic and social), resilient and delivers healthy diets.”





Electric and Autonomy

Synergetic effects



Simulation model



Inputs



LCA





Energy use

44

72



Economy
Yearly cost



Climate impact



Damage impact





-65%

-81%

National potential



Conclusions



Thank you for you attention!

Swedish University of Agricultural Sciences
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RoBUTCHER
Thorvald





Small:
EarthSense
TerraSentia

Medium:
Saga Robotics

Thorvald

Large:
AutoAgri IC Series







Pros

Costs:

Sustainability:

Safety:

Cons



Applications
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Ongoing work







Smart arming and reen Innovation











Research groups within, robotics, drones, precision agriculture, GIS and GNSS, sensors, image analysis, 
computer science, phenotyping, plant sciences, fertilizer sciences and soil sciences are included in the group, 
which can also be expanded as needed.

ear



Main goals:
Develop a strong and complementary professional environment within "Smart Farming and Green Innovation" at NMBU. The academic
community at NMBU will be a national leader with interdisciplinary knowledge and have well-developed networks with top international 
environments. An active and targeted collaboration will be developed with the business sector to increase the use of "Smart Farming", 
increased innovation and strengthened training of students and candidates. NMBU as a sustainability university will be strengthened. 

Research:
Over a four-year period, the group will have initiated several strong research projects. The goal is to develop an SFI (Centre for Research-
based Innovation), or equivalent a larger long-term research programme, together with user organisations and other related academic 
communities in Norway. 

Education:
The goal is to develop the Green Innovation Student Lab (GISL) where interdisciplinary students and researchers at NMBU together with the 
business community create new innovative solutions for sustainable agriculture. GISL holds both demo/experimental fields, access to sensors 
and other research infrastructure. Students will participate in research early in their studies. 

Master's theses, internships etc. are linked to innovative solutions and Smart Farming in cooperation with the business community. Relevant 
master's and PhD students come from robotics, image analysis and physics, computer science, geomatics, plant, soil and economics sciences.

Innovation:
The aim is to strengthen innovation activities for students and employees both by having outstanding research and teaching, but also through 
systematic development of cooperation with business and external actors. New knowledge and research-based ideas will be developed and 
commercialised through a strengthened culture of entrepreneurship for the benefit of business and society. 
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Impact of Sun Elevation Angle and Type of Sensor on Multispectral
UAV Imagery Data

Sahameh Shafiee
Ingunn Burud
Morten Lillemo
Norwegian University of Life Sciences
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SPECTRAL IMAGING IN CROP FIELDS – RESEARCH ACTIVITIES AT NMBU

Ingunn Burud, Sahameh Shafiee, Tomasz Mroz, Morten Lillemo
Norwegian University of Life Sciences





NDVI = (NIR-R)/(NIR+R)
Nasa 



444

green peak

Red edge:
scattering due to leaf internal structure in the NIR region

400 nm 700 nm
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Schwieterman, Edward. (2018). Surface and Temporal Biosignatures
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Healthy Plant Stressed Plant Soil
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Healthy Plant Stressed Plant Soil

Bl
ue

RedNIR
RedNIRNDVI

RedRedege
RededgeNIRMTCI
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Full spectrum in each pixelFFuullll ssppeeccttrruumm iinn eeaacchh ppiixxeell
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Plant cover
Stress 
Diseases
Fertilizers



Norwegian University of Life SciencesPlant phenotyping NMBU 13

17/06 18/07 10/08

75 kg N/ha

150 kg N/ha







Machine learning was applied for yield 
prediction (Sequential Forward 
Selection and LASSO) 
NDVI showed good prediction ability of 
grain yield in final grain filling stages.
MTCI and EVI are more important grain 
yield predictors during early grain 
filling
Best predictions resulted from 
combining vegetation indices from 
multitemporal data





Micasense RedEdge-M

P4 Multispectral DJI
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Number of spikes is related to yield
Automatic spike detection from robot 
images
Deep learning: annotating, 
annotating, annotating,…
Kaggle competition 
(https://www.kaggle.com/c/global-wheat-detection)
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Detecting tipburn in lettuce
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Exploring solar energy combined with a fleet of electrical 
vehicles and precision agriculture for reduced GHG-

emissions (SolarFarm)
Advances and Innovations in Agriculture. The 4th NJF –EurAgEng – Agromek Joint 

seminar
November 29th , 2022

El Houssein Chouaib Harik / NIBIO



SolarFarm – at a glance
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1. Develop a fleet of electrically powered machinery as a 
non-fossil based alternative.
2. Improve nitrogen use efficiency to reduce nitrogen 
losses to the environment.

“The low hanging fruits”

3
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Reduce the emissions from tractor related activities on the
farm 



150 HP Diesel tractor

3 x 50 HP Electric tractor

Replace diesel tractors 
with electrical tractors

50 HP Diesel tractor
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Solution 1Solution 2
How to drive 3 tractors at the same 
time?
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To reach this:

We want to “Design a control 
and communication system for 
semi-autonomous on-farm fleet 
management.”
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Communication scheme
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The GUI

Contextual menu of the robot

Task allocation example

The user interface



Operation of vehicles in a small team
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Parking zone

12

The Charging station
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Reduce the emissions related to sub-optimized
use of inorganic nitrogen fertilizers



The path from drone measurement to the field application 

An UAV equipped with an RGB 
and a hyperspectral camera

A UAV taken image (BBCH49) Prediction of the N uptake (BBCH49)

(blue = low, green = middle, yellow = 
high)

16



The path from drone measurement to the field application 

Prediction of the N uptake (BBCH49)

(blue = low, green = middle, yellow = 
high)

Recommendations for variable N 
application (BBCH49)

(dark = low, rose = middle, light = high)

Precision application of liquid mineral 
N fertilizer using the developed 
prototype

17



Development of a high spatial resolution liquid fertilizer 
applicator

1818



Test bench to analyze the performance of the valves and controllers and 
calibrate the PWM signal with the weight/volume of the liquid 

discharged at each nozzle.
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Driver development

20



The first functioning prototype of the precision spreader based on a Hardi sprayer.
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NIBIO_no

NIBIO_no

NIBIO.no

www.nibio.no

Thank you for your attention

El Houssein Chouaib Harik
chouaib.harik@nibio.no
www.precisionag.no



Some numbers…
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Lokalitet: S r st orge Stor korng rd Stort melkebruk Stor 
kombinas onsg rd  
gris og korn
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Stor korngård lokalisert i Sørøst-Norge

Funksjonell enhet: 1 kg (85% tørrstoff) med 
bygg, vårhvete og høsthvete ved 
gårdsgrinda

Klimagassutslippene synker med omkring 
6% pr kg produsert korn ved å bytte fra 
dieseltraktorer til batteritraktorer som 
lades med solenergi fra gården.



Avlingsregistrering

96 høsteruter satt ut i de forskjellige blokker/striper i feltet
Kornprøver tatt med Haldrup forsøkstresker og registrert 
med samme rutiner som vanlige feltforsøk
Avling og kvalitet analysert på Apelsvoll med samme rutiner 
som vanlige feltforsøk. Relativt lav avling med omtrent 600 
kg daa-1.
Jordvariasjon påvirket avlingsresultat og var ikke fullstendig 
eliminert av variabel N-tildeling basert på drone og regressiv 
agronomisk tildelingsmodell
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Avlingsresultat

Relativt lav avling men forbedret homogenitet med variabel 
tildeling (v) sammenlignet med konvensjonell tildeling (f)

Forbedret protein-innhold men litt redusert homogenitet 
med variabel tildeling (v) sammenlignet med konvensjonell 
tildeling (f)
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Sensor technology for 
optimal harvest in strawberry

Advances and Innovations in Agricultural Engineering

The 4th NJF – EurAgEng – Agromek Joint Seminar, Herning, Denmark, 29.-30. November 2022














































