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Tuesday 29 November 2022

Bus to Agromek leaves 8.43 outside DGI Hotel, Herning, Please be there in advance.
People not showing up at §.45 are expected to go to the Agromek conference venue on their own. Arrival to venue at Agromek, Hermning expected to be around 9,00,

Venue: Sydsalen, Entrance Agromek West  Regstration from 09.00 to 11.10

Time Topic Presentations Speakers
09.00-11.10 Registration / networking/ visit Agromek on your own
11.10-11.30 Introduction and welcome Nils Bjugstad, NMBU, N
What is EurAgEng: Claus Aage Sorensen, AU, DK
What is NJF? Nils Bjugstad, NMBU, N
Chair of session: Nils Bjugstad
11.30 — 12.00 | Keynote Agricultural robots for new sustainable crop productions Hans Guoepentrog, University Hohenheim, DE
12.00 - 12.20 | Smart farming Pilot project on Precision Farming Michael Nermremark, AU, DK
12.20-1240 | Smart farming Reducing the climate impact of Swedish agriculture - Field tractor Oscar Lagnelév, SLU, S
electrification
1240 — 13500 | Smart farming A low-cost robot platform for swarm applications in agriculture Robert Braunschweig, NMBU, N
13.00 — 14.00 LUNCH
Chair of session: Alastair Ward
14.00-14.20 Simart farming Smart Farming Sustainable arena established at NMBU Nils Bjugstad, NMBU, N
Impact of Sun Elevation Angle and Type of Sensor on Multispectral Sahameh Shafiee, NMBU, N
14.20-14.40 Imagng UAV Imagery Data
14.40-15.00 Imaging Spectral imaging in crop fields- research activities at NMBU Inpunn Bumud, NMBU, N
Exploring solar energy combined with a fleet of electrical vehicles and El Houssein Chouaib Harik, NIBIO, N
15.00-15.20 Solar energy precision agriculture for reduced GHG-emissions
15.20-15.40 Coffee & Tea break. incl. bref intro about AGROMEK Claus Hermansen, AGROMEK., DK
Sensor Sensor technology for optimal harvest in strawberry Siv Fagertun Remberg, NMBU, N
15.40-16.00 technology
16.00-16.20 Smart farming Safety concept for robotic silage harvest system Arxi Ronkainen, LUKE, FIN
Data infrastructure requirements for Robotics and Smart Farming Anniman Hartikammen, LUKE, FIN
16.20-16.40 Smart farming Research
Experimental study of laser weed control approach with full canopy area Vitalijs Osadcuks, LBTU, IV
16.40-17.00 Smart farmmg treatment
Ca, 17.30 Bus to Agromek dinner in Heming City (updated times during seminar)
18.00-23.00 Apgromek dinner




Wednesday 30 November

Bus to Agromek leaves 08.45 outside DGI Hotel, Herning. Please be there in advance.
People not showing up at 08.45 are expected to go to the Agromek conference venue on their own.

Arrival to venue at Agromek, Herning expected to be around 9.00

Time Topic Presentations Speakers
09.00-10.00 Short visit of Agromek on your own / Venue Sydsalen open & coffee

Chair of session: Claus Sorensen
10.00-10.40 Keynote Can agtech innovation dissolve goal contradictuions? Per Frankelius, Til7, SE

Jonas Engstrom, RISE, SE

10.40-11.00 Sustainability Measures for reductions of greenhouse gas emissions in agriculture Sven Bemnesson, SLU, §
11.00-11.20 Biogas energy Ensiling of straw as a pre-treatment and storage method for biogas Alastair James Ward, AU, DK

producton
11.20-11.40 Coffee break
11.40-12.00 Energy efficiency | Enerpy efficient prain diying processes Jens Moller Andersen, AU, DK
12.00-12.20 Soil compaction | Sgjl compaction from using agricultural robots in complex arable Alvaro Calleja Huerta, AU, DK

operations
12.20-12.40 Soil compactuon | Prevention of subsoil compaction: Technologies and strategic planning Mathien Lamande, NMBU/AU, DK
12.40-13.00 Soil tillage Drawbar Pull Testing for Machine Soil Interaction Characterization Ole Balling, AU, DK
13.00-13.10 Closing session Nils Bjugstad, NMBU N
13.10-14.00 LUNCH
14.00-15.00 Visit Square meter farm and other involved partners Claus Sorensen, AU DK
15.00-16.15 Visit Agromek on your own

How to successtully implement artificial intelligence in your business Tomas Borovicka, CEQ at Datamole?,
16.15-17.00 Days of future, hall E, see map
15.00-20.00 AGROMEK Visit Agromek free of charge. Agromek closes 20.00 All

Frequently shuttle buses from Agromek fair to Billund airport.




e notes

Agricultural Robots For New Sustainable Crop Productions
Systems with:

Hans Griepentrog
Professor PhD, Dipl-ing. university of Hohenheim,

Institute of Agricultural Engineering, Germany

Can agtech innovation dissolve goal contradictions with:

Per Frankelius

& PhD, is Associate Professor (Docent) in Business
""Ji.*’ Administration at Linkoping University (Sweden)

Jonas Engstrém

' Researcher and senior project manager at RISE,
Research institutes of Sweden




Hall overview
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traktarer og hestmaskiner kornhandtering @ energi viden og service
tractors and combine harvesters crop management energy knowledee and service
w markredskaber staldmekanisering entreprener, vej & park
agricultural machinery livestack machinery construction, roads and parks






Prof. Claus Grgn Sgrensen

Aarhus University, Denmark

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

The European Society of Agricultural Engineers



EurAgEng

The European Society of Agricultural Engineers (EurAgEng)
exists to promote the profession of Agricultural and Biosystems
Engineering and the people who serve it.
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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)



EurAgEng

— a Founded in the 1980s. Network with over 2000 members of
national societies from 23 countries.

= Biennial agricultural engineering conference (AgEng2018,
-~ Wageningen, AgEng2020, Evora, AQEng2022, Berlin, etc.)

= Partnering with German National Society, VDI-MEG, for the
biennial Land.Technik-AgEng before Agritechnica in Hannover

|
= Partnering with CIGR for joint conferences (e.g. in Turin, 2026)




EurAgEng

“‘Biosystems Engineering” — the official scientific journal of
EurAgEng

Supports groups (Agricultural Engineering and Technology) and
projects (Agriculture and Energy Efficiency; Smart-AKIS, etc).

Standardization and harmonization of engineering curricula and
student initiatives (Field Robot Event) |

Nine Fields of interest are identified. Eighteen Working Groups
(WGs) within these fields of interest ‘

Institutional network: "European Network for Advanced
Engineering in Agriculture and Environment" (ENGAGE)




EurAgEng

Conferences

AgEng 2018, Wageningen, Netherlands
Feb 2019: AXEMA-EurAgEng-SIMA Paris “sustainable

agriculture : An opportunity for innovation in machinery and systems”
Land.Technik AgEng 2019, HannovVer (Agritechnica)
AgEng 2020, Evora, Portugal b
Land.Technik AgEng 2021, Hannover (Agritechnica)
AgEng 2022, Germany

Land.Technik AgEng 20223, Hannover
(Agritechnica)

AgEng 2024, Athens, Greece
AgENg/CIGR conference, Turin, Italy, 2026
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@NJ F ORGANIZATION

* 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



@NJ F MAIN ACTIVITES

* NJF congress, this autumn in Iceland (September 2022)
e Seminars & Workshops

* Active working group meetings

» Section board meetings

 National board meetings

* New president — Jarkko Niemi, LUKE, Finland

NJF Nordic AgricultiesiCe

Onward in Agriculture

Selfoss, Iceland, September 27-29, 2022







Key issues in NJF functions
are
Iinteraction, networking &
meeting persons sharing the
same interests




@NJ F MEMBERSHIP

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

Hans W. Griepentrog
(Professor, PhD)

Institute of Agricultural Engineering
Technology in Crop Production
Germany
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Definition of Terms

~~\ UNIVERSITY OF
iy HOHENHEIM

m Precision Farming
o Site-specific treatment

Map based variable rate applications

o Automation

Automatic steering, section control &

self adapting complex machinery —

m Smart Farming
o Realtime systems
o Fusion & analysis of information
o Decision support

Smart Farming

Digital Farming

m Digital Farming & Farming 4.0
o Internet of things (M2M)
o Cloud computing
0 Big-data & Al
0 Robots

Future System

Hans W. Griepentrog / 10 April 2019 / Slide 4

Technology in Crop Production
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Certification of Sustainable Farming (1)

ustaina ilit
Ecology o ile
Evaluation of section
* Ecolog 3 4 S 6 igits
- _ Indicators o
0

Ecology

m cc Social Economy Management
r 1. N balance 9. Salaries 17. Ordinary imputed 22. Operating Code
'§ 2. P balance 10. Working hours result 23. Risk management
3. SOM balance 11. Holidays 18. Netto-Cash-Flow
4. GHG emissions 12. Education & training 19. Utilization of the
5. Plant protection 13. Employee interests longterm debt service
d 6. Biodiversity 14. Employer interests limit
7. Soil protection 15. Occupational 20. Profit rate
8. Water protection health & safety 21. Equity ratio

. Social commitment

ect
anage ent
onl
assed or
ailed

Source: Packeiser, DLG, 2018
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Certification of Sustainable Farming (2)

ustaina ilit
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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
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Mechanization - Two Strategies (2)

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

- L
T et R N

m Systems for specialized implements

& applications & applications
o High power (100-500 kW) o Low power (5-50 kW)
New step of New step of
mechanization cropping system
ty
o ISOBUS data communication (scalable)
o High capacity (ha/h) o Fits to all farm sizes
o High costs / investments o Scalable costs
o Crop management o Crop management
Site specific (PF), auto steering, = Individual plants
section control etc. (high spatial resolution)

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



Machine weights
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Technology in Crop Production
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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

ractor it s ra er
it auto atic controlled
sections

ar droid

seeding and eeding sugar eets &S

Source:

M. Gandorfer

Digital Farming Group
Bayerische

Landesanstalt fir Landwirtschaft

@
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Future Cropping Systems (2)
Strip Intercropping

Source:

M. Gandorfer

Digital Farming Group
Bayerische

Landesanstalt fir Landwirtschaft

@
NN L FL
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Small Robots - New Mechanization
Slow speeds with more accurate performance

m High productivity via variable number of small machines (scalable)

m Small units highly flexible, no advantage of large cleared fields

m Higher resource efficiency (lower use of operating resources).

m Preservation or even reintroduction of landscape elements (biodiversity)

m Increased biodiversity
o mixed crops, landscape features, contour cropping

m Selective treatments e.g. for weeding and harvesting

Hans W. Griepentrog / 10 April 2019 / Slide 14 Technology in Crop Production



A\ UNIVERSITY OF
|{L11.?1 y HOHENHEIM

Paradigm Shift - Biological Intensification

Adapt technology
to nature
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Adapt nature
to technology
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Hans W. Griepentrog / 10 April 2019 / Slide 15 Technology in Crop Production
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Outlook — Same mechanization for all?
Conditions of Agricultural Production

Al
Appropriate technology; High product qualities;
market; low intensities; medium and high high safety and
low land prices; high intensities: low labor environmental concerns;
automation of costs high labor costs,
subsystems investments and
intensities

Hans W. Griepentrog / 10 April 2019 / Slide 16 Technology in Crop Production
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Summary

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

m Robotics and digitalization allow new possibilities for crop production.
o High working qualities by driving slowly
o Soil protection through light vehicles.

o 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.

m Paradigm shift: technology adapts to nature, not vice versa.

Hans W. Griepentrog / 10 April 2019 / Slide 17 Technology in Crop Production
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Thanks for your attention!

Hans W. Griepentrog / 10 April 2019 / Slide 18 Technology in Crop Production



PILOT PROJECT ON PRECISION FARMINC

ENVIRONMENTAL IMPACT CALCULATIONS OF PRECISION
FERTILIZATION

By:

Michael Ngrremark

Aarhus Unive rsity

Departmen of Elektricaland Computer Engineering

With contributions from.

Jacob Glerup Gyldengren, Iris Vogeler Cronin, Ingrid K. Thomsen og Peter Sgrensen
Aarhus Unive rsity

Department of Agroecology

AARHUS MICHAEL N@RREMARK
UNIVERSITET 29. NOVEMBER 2022 SENIOR RESEARCHER
INSTITUT FOR ELEKTRG OG COMPUTERTEKNOLOGI




BACKGROUND

Assumption thattechnology and principles for precision farming have a reduction potential forleaching ofnitrogen
(N) in the orderof3-4 kg N/ha on arable farms and 5-6 kg N/ha on livestock farms.

The pilot project investigated whetherthe potential environmentaleffect is the sum ofa total ofthree sub-elements:

1. Detailed calculation of N requirements,

2. Site-specific application of N and the application ofspreading equipment with section control (DAISYand APSIM
based modelcalculations),and

3. Determination of N in livestock manure and precise prescribed amount (NLESS5 based model calculations).

The sub-elements are delimited to only include a typical crop rotation with and without livestock manure.

As a starting point, the Danish Agricultural Agency wanted to determine conversion factors for cultivated fields w/ o
live stock manure fertilization.

*For livestock farms

/ AARHUS MICHAEL N@RREMARK
UNIVERSITET 29. NOVEMBER 2022 SENIOR RESEARCHER
INSTITUT FOR ELEKTRG OG COMPUTERTEKNOLOGI



LIVESTOCKMANUREANALYZES- STATISTICS

Pig manure total N analysis results (data
from15 pilot project farms, 89 slurry tanks)

2
Kg N/ton 2018 2019 2020 R W
Gns.: 356 344 341 :f ] m
Std. afv.: 125 114 121 27 o ulE
Minimum 122 172 124 “
Maksimum 700 7.64 744 " —
Vino, | | Ny

I T T T T T T T T T T T T T T T T T T T T T T 1
farms 26 23 2 1 0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 1.8 2.0 2.2 24 2.6 2.8 3.0
Forskel i kg N/ton for individuelle gylletanke over pe
/ AARHUS MICHAEL N@RREMARK
UNIVERSITET 29. NOVEMBER 2022 SENIOR RESEARCHER

INSTITUT FOR ELEKTRG OG COMPUTERTEKNOLOGI



LIVESTOCKMANUREANALYSES-ENV. IMPACT

The following assumptions have been used to calculate the impact on nitrate
leaching ofredistribution of manure on the basis oflivestock manure analyzes

from pilot project participants in 2018 (calculations are shown in brackets).

In the calculations,itis also assumed that 50%ofthe manure is below the norm
and redistributed to the norm, and that 50%ofthe manure is above the norm

and redistributed to the norm.

Assumptions and impact from
redistribution of N in manure

a |[CVfortotal Nisvinegylle [%)] 26

b |TotalN-application as manure [kg N/ha] 170

¢ |Nutilisation requirements, av. forcattle- and pig manure [%)] 775

d |Redistribution [N/ha] gns.,(a - b/ 100 -¢/100),1:1 arca ratio 343

e |Average N-norm [kg N/ha] (all crop species) 167
(Blicher-Mathiesen etal.,,2020)

f |Redistribution in %ofnorm N (d -100/e) [%] 21

g |Marginalleaching by fertlization f%below norm [%)] (cf. figure) 142

h [Marginalleaching by fertlization f%above nomm [%] (cf figure) 21,1

i |Average leaching forredistributed N, where 50 %afmanure 15,7
below norm are transferred to norm (17,2+g/2)[%)]

j |Average leaching forredistributed N, where 50 %afmanure 19,1
above norm are transferred to norm (17,2+h/2)[%)]

k |Altered leaching, where 50 % ofmanure below norm are 538
transferred to norm (d -1/ 100) [kg N/ 2 ha]

1 |Altered leaching, where 50 % ofmanure above norm are -6,55
transferred to norm (d - j/ 100) [kg N/ % ha]
Environmental impact, reduction in N leaching (k+I) [kg N/ha] 1,20

Marginalleaching in relation to N application
estimated on the basis of 54 N response
experiments used in calibrating the NLESS
model (Borgesen etal,2020). The figure shows
the equation thatdescribes the average
marginalleaching in the experiments relative to
the Nnorm fora crop. The trials included a
numberofdifferent crops, of which 41 were
trials with cereals and winter crops

0.0

20,0

10,0

Marginaludvaskning i %

0.2 0.4 0.k 1.8 1 1.2 1.4

M tilfgrsel relativt til norm



MODELING OF THE SOIBLANT-ATMOSPHERE
SYE EM DAISY AN DAPSIM Parameters forevery

growing season:

a0

Y]
[

. *Data R =0.94 :; *Data Re=0.59 Crop Irrigation
Z10 = DAISY T, DAISY
% .n %w Tillage type Straw removal
£ 2., Seed rate
. o Seeding data Harvest date
E = Simulering af % ,, Stubble cultivation
e bedriftens N- = Inorganic fertilizer, 1. Validated crop yield
5 A II handtering  © 24 Date of application

o (morkebla) o Inorganic fertilizer, 2. Farmers knowledge

Winter Barkey | Winter Rape | Winter Wheat  Spring Barkew  Winger Rye Winter Wheat | Wineet Wheat ~ Winter Wheat | Spring Barley | Winter Barley Date of application about field variations
015 2016 2017 18 2018 ms 016 M7 ame 019 Inorganic fertilizer, 3.
EMEASURED = 50 STRATEGY § S0 STRATEGY ] i STRATEGY 3 mMEASUIRED m 5B STRATEGY 1 S0 STRATEGY 7 S0 STRATEGY 3 Date Of appllcatlon SO|I type
. . Texture
JB3 (ﬁe/d 37'0) JBS ﬂe/d 37'0) Organic fertilizer, 1. A-horisont
10 RE=094 Re=0.90 Bei\:]eli?/fezfop(!:f?r:::ure gz?\?)?lss;%rr]]tt
HData B Data TV : : )
= APSIM N Utlllza’Flon ra?t.e in % Bulk density, soll

8 8 Organic fertilizer, 2.
5 ] Date of application Weather data
=6 26 N in livestock manure
% . II % 4 Utilization rate in %
B o
o] I 5

o I o

2015 1016 2017 2018 2019 2015 2016 2017 2018 2019
WB WRP wiw 5B WR W W Wi 58 WE




VARIABLE RATE APPLICATIONTRENDS

KT b N
Q.06] -0.0% .

QU - [.123
2123 - 0.0
Q1S4 - 0,156

- L]
L ]

kg 5 27 per ha,
00T 5]
LSl =i 1
1350000 )

0 5 41 1] 50 0w L] = 1 1= ]

N —
— — 1
/ AARHUS MICHAEL N@RREMARK
UNIVERSITET 29. NOVEMBER 2022 SENIOR RESEARCHER

INSTITUT FOR ELEKTRG OG COMPUTERTEKNOLOGI



MODELING OF THE SOIBLANTFATMOSPHERE

SYSTEM DAISY ANDAPSIM

Grain yield [Mg DM/ha]

JEBS_INFIELD
Grain yield, Grain N yield and accumulated N leaching and denitrification {September "17 = April "18)
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MODELING OF THE SOIBLANTFATMOSPHERE

SYSTEM DAISY ANDAPSIM

Grain yield [Mg DM/ha]

0
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JBS_HEADLAND
Grain yield, Grain N yield and accumulated N leaching and denitrification (September "17 = April "18)
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SITESPECIFICAPPLICATIONOF N-ENV. IMPACT

Based on pilot project participants' reportings (organized by the
Danish Agricultural Agency):

* Mostwidespread crop rotation

* Soiltypes

* Typical varations in site-specific N supply

* Typicalpartial field areas with site-specific application of N

* Regionalweatherdata (East/ West Denmark)
Particularemphasis hasbeen placed on headland areas, which
generally have reduced yield potential,as wellas depressions,
where both the N dynamics and hydraulic conditions in soil differ
from the flatareas.

Type 1 field
Subfield type Area Reference N- | Strategy A Strategy B
[ha] application (same totalN | (reduced total
amount) N amount)

Headland 1 Norm N -30 -30
Headland depression 0.5 -30 30
Headland hilltop 0,5 -30 - 30
Main field 14 +5 Nom N
Main field depression 3 -5 - 30
Main field hilltop 2 +5 Norm N
Totalarea 21

Totalheadland area 2 (9.5 %)

AARHUS
/v UNIVERSITET 29. NOVEMBER 2022

INSTITUT FOR ELEKTRG OG COMPUTERTEKNOLOGI

Soil type N-application forreference N-application compared to reference
scenario [kg N/ha] [kg N/ha]

Norm Strategi A Strate gi B
l.yearwinter 2.yearwinter l.year | 2.year | l.year |2.year
wheat (afterwinter | wheat winter | winter | winter | winter
rapeseed) wheat | wheat | wheat | wheat

JB1 w.irrigation 183 206 0 0 -13 -15
JB2 w.irrigation 183 206 0 0 -13 -15
JB3 156 179 0 0 -11 -13
B4 162 185 0 0 -12 -13
JB5 189 212 0 +1 -14 -15
JB6 189 212 0 +1 -14 -15
Type 2 field
Subfield type Area Reference N- | Strategy A Strategy B
[ha] application (same total N | (reduced total

amount) N amount)
Headland 3 Norm N -30 -30
Headland depression 0,5 -30 -30
Headland hilltop 0,5 -30 -30
Main field 50 +5 Norm N
Main field depression 4 -20 - 30
Main field hilltop 3 -20 Norm N
Totalarea 61 Ao
Totalheadland area 4 (6,6 %) %

MICHAEL NORREMARK
SENIOR RESEARCHER
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SITESPECIFIC APPLICATION OF NENV. IMPACT

Conclusions, summarized from notes,data from pilot
project participants, latest catalog of N measures and the

Allvalues in the table are relative to uniform distribution according

to the N norm. Rolling crop rotation overthe years 2015 to 2018. The
table shows the difference between uniform distribution ofnorm N
and strategies Aand Brespectively.

The N leaching results apply to the firstleaching period afiter
harvesting 1styearwinter wheat. As the crop rotation was offset by

one yearin each ofthe rolling crop rotation scenarios, 2016 and
2017 are represented twice,once with 1styear winter wheat and
once with 2nd yearwinter wheat.

Nleaching Nleaching
(strategy A) (strate gy B)
Type 1 field Type 2 field Type 1 field Type 2 field

Min. Max. Min. Max. Min. Max. Min. Max.
JB1 w.irrigation? -0,5 0,6 -0,3 0,6 -34 -1,7 -1,8 -0,9
JB2 w.irrigation? -03 05 -0,3 0,5 -3,6 -1,7 -19 -0,9
JB3®? -0,1 04 -0,1 0,6 23 -12 -14 -0,6
JB4 (sand)®? -12 0,1 -13 03 -2.8 -13 -1,5 -0,7
JB4 (clay)® -10 -0,1 -1,0 -0,1 -4.9 -0,5 -2,7 -0,3
JB5® -04 0.1 -0,2 0,2 -59 -0,6 -32 -0,3
JB6P -03 03 -0,2 1,0 -5,7 -0,6 -3,1 -0,3

2 Jyndevad weatherdata

b Flakkebjerg weatherdata

29.NOVEMBER 2022

MICHAEL NORREMARK

SENIOR RESEARCHER

pilot project simulation results (report not yet published):

Precision fertilization combined with site-specific
application of Nbased on determination ofthe
nutritional status of crops. Napplication based on
either field variation data in relation to the soiland/or
via sensors, in orderto determine the actual fertilizer
requirement.

[~1 kg N/hal]

Precise fertilization, where the application equipment
ensures thatthe fertilizeris applied by means ofauto
and section control, minimizing overlap when
fertilizing

[~1 kg N/ha]

It makes sense to analyze the long-term env.impact
afterthe introduction of precision fertilization of N

(ie.perennial accumulation of N leaching after the
introduction of precision fertiliza tion) e
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SUMMARY ANDRECOMMENDATION-OR DECISION TO
THEDANISH AGRICULTURAL AGENCY

Below 80 kg N/hain |Above 80 kg N/hain
organic fertilizer organic fertilizer
Env. impact of catch crops (kg N/ha) 22 35
(Hansen et al., 2020) (simple
unweighted averages of effect on clay
and sandy soils)
Env. Impact of precision fertilization 2 3,2
(kg N/ha)
Conversion factor (rounded off) 11:1 11:1

The conversion factors, with the prerequisites and assumptions used
in the project in rounded offvalues,becomes 11:1 both below and
above 80 kg N/ in livestock manure. This means that the use of
precision farming on 11 ha willbe able to replace 1 ha ofcatch
crops

Now implemented in Danish re gulation:
»  'Plantedaekkebekendtgorelsen ’, BEK nr 742f 30/05/2022,
The Ministry of Food, Agriculture and Fisheries of Denmark
/ AARHUS MICHAEL N@RREMARK 2 %
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Reducing the climate impact of
Swedish agriculture -
Field tractor electrification

Oscar Lagneldv, PhD candidate
SLU - Swedish University of Agricultural Sciences
Department of Energy and Technology
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Background

« Agricultural machinery is ~1% of global
GHG emissions ']

« EU: Climate neutral 2050
— Sweden: Fossil free vehicle fleet 2030

« Agriculture must feed more people, on less
land, and be sustainable & profitable

[1] Tubiello et al., (2015)The Contribution of Agriculture, Forestry and other Land Use activities to Global Warming



JL MISTRA I N EEEEE

FOOD FUTURES

Mistra food futures

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

« WPS5 - Agricultural systems with net-zero impact of greenhouse gas emissions (in
2045)

« Broad focus — GHG reduction and mitigation potential, implementation rates, system
designs, societal changes.

« Broad range of subjects — Animal husbandry, energy production, ley, soil enrichment,
fertilizer strategies, machinery...
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Electric and Autonomy

Electric

+ High driveline efficiency
+ Fuel independance

+ Low GHG emissions

+ Reduced maintenace

Autonomous (self-driving)

+ 24h-operation

+ Frees up qualified labour

+ Lower vehicle weight — less compaction

+ Good economic potential

- Low-energy-carrying-capacity - Legally a grey area
- Frequentrefuelings- - Technical complexity
_ | Nemiss et

Synergetic effects
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Simulation model

Inputs

Vehicle...
Battery...*
Charger...” @
Field...

Weather...

Soil compaction

Modules were based
on ag.eng. equations

i Operation

Work :
suitability L

decision | (@ ) (2

£ o< N
T [| < P
F PR )L_ H-»H_,-/ /\._I
HZHZZ 7 Transport
7O N
@ 0| = N
‘\'.'_____‘_._,/"' 7 f ¢ e ;
:r"“-.] ,.S/? J>/— i /
= I S T~
Refueling / Recharging | ™, Fieldwork

Transport

Outputs

Energy use
Number of refuelings
Time required

Operational cost

Environmental
impacts

...and much more
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Inputs

.. Uppsala,
Sweden

— ———,

o Refueling \\
infrastructure

& B
10-30 years
/gé?:y \ TA=200 ha

. Winter wheat | A=0-28 ha
Spring wheat U BE

&8 .]E-D em
soil
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SLU Production & assembly Use phase End-of-life

LCA A
NGO
| ue;; ;cm'm;.ag.;w;]

Emissions Impact calegornes Damage calegories Weighled score

Giobal warming

Stralouphnic orons depsstion
Fine particulabe matbér Tomsaio
Termestrial acidiication
Freshwalor aulmophication
Tarmeatrial scolowxicity
Freshwaler ecotoxicity

Human health \

Ecosyslem Impact Single score

Human carcnogemic eacity

LCI results

Human non-carinogent toxicily
Mineral resounce scarcily

Foasil resource scarcity

Resource scarcity

i
:{'Jirunn formation : <
| Marine sulraphication !
: haring mootaxicity
'Land use
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30

25

20

Working
width 15
[m]

10

5

1 1 Electric tractor
U1 2 Electric tractors
B Diesel

........

Ploughing

Harrow

Sow

Cultivate

Roller
packing

Spreading

Spraying

12

10

Rate of

6 work
[ha h]
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Diesel-
eq.
energy
use
[l ha]

Energy use
80 +
60 +
40 +
29
20 +
O a
Electric

Diesel

72

44

Gross fuel . Charging/ - Battery/ Motor - Transmission
energy Refueling : Fuel tank :
: 4%
L= 100% . 100% 100% Energy used to
driveline : move vehicle
: 26%
P 30%
>
Electric | :
driveline 100 % 95% 92% 88%
74%
: : : Energy used to
: I I I move vehicle

3% | 5%: 13%
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Operator &
Fuel <
Maintenance &
Battery cost &
Timeliness g
EC O n O m y Investment *
« Higher investment costs Yearly cost &
— Batteries
— Infrastructure _
— Autonomous drive — costs uncertain Batteries for passenger
electric vehicles (EVs)
« Lower operational costs . 1600
— Operator 2
_ Fuel
« 32-37% reduction in total annual cost £ 800
— Compared to conventional tractor 5 100 -89%
I 0

2000 2010 2020




e

SLU

Climate impact

« The electrc tractor had 71% lower
impact

 Battery production had a strong
impact.
— As did heavy vehicles

« Fuel choice was the most important

factor
— Diesel 100% (no mix-in)
— Swedish marginal electricity mix

— 41 % natural gas,
35 % wind,
24 % biomass

[kg CO.eq.
ha'y1]

300

250

200

150

100

50

Climate impact

270

Diesel

OFuel
B Man

ufacturing

80

Electric
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Damage categories

_ 100%
Damage impact
« Electric tractors showed big 75% O Electric
reductions in all categories
 Fuel very impactful 50%
« The same reduction was seen
in the single point score 950,

0%
Human health Ecosystems Resources



.Si%Energy cllm?:)(;mpact (before driveline losses) [0 Electric W Electric (in LCA)H ICE

1250 7 1046
1000 +
Climate impact 750 -
[g CO,eq kWh-'] 583
500 + 432
250 7 85 95 162 210 - -
o= SN Naem N
0 | ] | ] | -
Swedish (avg) Hydro HVO PV Swedish European  Diesel (17.5% Diesel Natural gas Global Hard coal
(margin) HVO)
Driveline efficiency losses
Energy climate impact (at wheel)
1500 + 1413
1250 +
1025
1000 +
. . 788
Climate impact 750 -
[g CO,eq kWh] 584
500 +
- 246 292
: =
0 [ ]
Swedish (avg) Hydro HVO PV Swedish European  Diesel (17.5% Diesel Natural gas Global Hard coal

(margin) HVO)
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s.u National potential

700

600

500

400
Total climate impact
[million kg CO,eq/yr]

300

200

100

Swedish margin

B Diesel
[] Electricity|

Swedish average

Results scaled up
« Ley, grains & other
« Clay and sand soils

2-3% of Swedens
transport GHG emissions
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Conclusions

« Electric tractors requires larger investments,
but have lower operational cost
— Economically (-1/3) & environmentally (-2/3)

« Fuel is the largest climate factor for both
diesel and electric tractors

— "Cleaner” fuel & redcued energy use possible

- Battery optimizations are important factors
— Not one size fits all
« Autonomy is a key driver, but electric tractors

can compete and provide benefits.
— Many "hidden” benefits
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Thank you for you attention!

Oscar Lagneldv

PhD Candidate
Swedish University of Agricultural Sciences
Department of Energy and Technology

+46(0) 70 221 7979
Oscar.lagnelov@slu.se
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A low-cost robot platform for swarm
applications in agriculture

Robert Braunschweig
29.11.2022

0] Norwegian University of Life Sciences



Agenda

1. NMBU Robotics Group
Background and Motivation

Swarm Robot Platform

B~ WD

Future Research

Norwegian University of Life Sciences



1. NMBU Robotics Group

2 main themes in the agrifood
value chain on farm and food

rocessin
Currently ca. 25 members
including academic staff, PhD
students and
administrative/technical support
Research underpins NMBU'’s 5-
year master programme in

lied obotics

Norwegian University of Life Sciences



1. NMBU Robotics Group

Thorvald — Modular Robot Platform for
RoBUTCHER — A Robust, Flexible and Agriculture
Scalable Cognitive Robotics Platform

Open Fields Polytunnels Greenhouses

3 Norwegian University of Life Sciences




2. Background and Motivation

Robots in
Agriculture

4 Norwegian University of Life Sciences



2. Background and Motivation

gt

Medium: Large:

EarthSense Saga Robotics AutoAgri IC Series
TerraSentia Thorvald - Pilot and research
- Commercial sensiing - Robust, commercially platform
and phenotyping avaiable products - Weight: ca. 2500kg,
platform - Weight: ca 200 kg, Payload: ca. 2000 kg
- RTK GPS, Camera, Payload: ca 150-250 - RTK GPS, Cameras,
IMU, Encoder, 2D/3D kg Flexible mounting of
Lidar - RTK GPS, Camera, - own equipment
- Light, low-cost, easy IMU, Encoder, 2D/3D (tractor replacement)
to use Lidar

Norwegian University of Life Sciences



2. Background and Motivation

Can a swarm of small robots Improvements in costs,
replace a tractor or bigger robot? reliability, sustainability?

P P P :47]]

=

X

6 Norwegian University of Life Sciences
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2. Background and Motiviation

* Inspiration for project:
* MARS/XAVER project led by Fendt

 Research since 2015, now
commercializing

* Focus on precision seeding
» <40 kg, ca. 50x40 cm

Copyright: Agco GmbH

7 Norwegian University of Life Sciences



3. Swarm Robot Platform

Pros Cons

» Costs: » Software complexity
* Low HW costs, scalability » Limited number of applications
* Low energy costs, lightweight * No standard equipment

* Less human labour
« Sustainability:
» No soil compaction
» Fully electrified
» Site-specific operation
* Redundant system
« Safety:
* Low weight and power

8 Norwegian University of Life Sciences



3. Swarm Robot Platform

Applications ‘mm[[ll'
112

Precision seeding (time/space dependent)

Mechanical weeding

Sensing/phenotyping

Site-specific treatment

9 Norwegian University of Life Sciences



3. Swarm Robot Platform

» Mobile ground robot based on Traxxas RC car:

Small Vehicles for Autonomy (SVEA), KTH Stockholm
» Adapted for outdoor application
* Pros:

« Cheap and robust mechanics

» Off-the shelve components

Raspberry 4G
* ROS compatible Pi Modem
Size (LxWxH) 95 x25x24 cm Low-level —
Weight 3.5 kg Electronics Stereo GNSS
Price ~ 1500 € Camera

10 Norwegian University of Life Sciences



3. Swarm Robot Platform

Ongoing work

* Robust design

» Mounting option for weeding tools
* Traction, speed, endurance tests
* Energy monitoring

* Navigation by GPS and camera

W
;\,_]

%

A

11

Norwegian University of Life Sciences
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4. Future Research (@j Sensor readings, observations, maps
oD -

| Strategic objectives
& constraints

» Multi-Agent Mission Planning [*

| Tactical objectives & constraints

| Multi-Agent Task Planning & Assignment [¢

Sensors &
Perception

Sensors &

Perception %‘
Rl R

S PP P

12 Norwegian University of Life Sciences




Thank you for your attention




Smart arming and reen Innovation
- a plattform for sustainable agriculture

Nils Bjugstad
REALTEK NMBU

U
B | Beerekraftsarena

Smart Farming

265  Smart Farming | Grenn Innovasjon et e

CiteF - Green Innovation Student LAB N

NMBU.no










Outline

The objectives of the plattform

Interdisplinerary topics within education and research
Field robotics in Norway

Green Innovation Student LAB

GrasRobotics

Introduction to other projects within Smart Farming
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Funding— «Smart farming and green innovation» N

700.000 700.000 700.000 2.800.000

SMART-FARMING
The Fuliite of

Agricuiture
A\

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.



Goals within «Smart farming and green innovation» J M_-T—'

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.




DEVELOPMENT OF AGRICULTURE

TECHNOLOGICAL REVOLUTIONS

. ,.': o
1.0 i 2.0-5= 3.0 4.0 3> 5.0 o=

WORK- GREEN PRECISION SMART ROBOT
INTENSIVE REVOLUTION AGRICULTURE FARMING FARMING
* Work intensive « Artificial fertilizers * Precision operations * Internal and external * Operations without
« Low productivity = pesticides within crops network integration of human presence
= 1/3rd of population « More efficient * Individual treatment of agricultural operations = Artificial intelligence, self-
involved-required equipment animals vs total flock « Cloud service usage, large leaming systems
* Productivity + Automatic steering with data sets processed « Production systems
dramatically increased 10mm precision « Cheap and advanced adapted to plant/animal
+ Sensors and controls Sensors needs
« Big data analytics « Food production,
* New algorhythms that consumer needs fulfilled
transform raw data into * Controls of ingredients/

insight intemnal components




Science and Technology master studies at NMBU related to SF

Geomatics

Applied robotics

Engineering, processing and product developement
Data science

Physics (especially imaging and energy technology)
Plant science

Soil science

Others



Research groups and topics N

BIGDATA

in -l'a.l;;l Iculture

RTK
Satellittes

Climate

Robots parametres

Sensors Datascience | Engineering

T . Soil science

REALTEK BIOVIT and MINA

SKP — Centre for Plant Research in Controlled Climate (senter forklimaregulert planteforskning)
SHF — The lifestock Production Research Centre (senter for husdyrforsgk)



What is

reen Innovation Student LAB?
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Pilot areas for education and research at NMBU

20aaa Kzmingfordet K~ mprett - 221 Grennlia — 42 daa
— b Heybratan — 20 daa

14 daa Vollebekk
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Take Back Control

WATCH THE VIDEO







Norges miljg- og biovitenskapelige universitet

HOME HOWITWORKS  BENEFTS  ABOUTDAT  CONTACT

DAT

Benefits of precision spraying

Conserve herbicide ik ol ey Sl ke e
bicide cost of NOK 300/ EUR 30 per ha, 2 500 ha fam will save NOK 12 o o
ar SEASoN (4] Filly speaved
. 00 .i}mll;pr.l.hl
Increase yields
[ Umiprayed:
i Fave olssovsd thit mors 5000 110 kg pr. daa
o |
Har I
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Projects within smart farming
to be presented at this seminar

Presentations  Smart Farming Sustainable Plattform NMBU

A low-cost robot platform for swarm applications in agriculture Robert Braunschweig, NMBU, N

Impact of Sun Elevation Angle and Type of Sensor on Multispectral UAV Imagery Data Sahameh Shafiee, NMBU, N
Spectral Imaging in Crop Fields — Research Activities at NMBU Ingunn Burud, NMBU, N

Sensor technology for optimal strawberry harvesting Siv Fagertun Remberg, NMBU, N

Prevention of subsoil compaction: Technologies and strategic planning Mathieu Lamandé. NMBU/AU. DK



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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UAV Applications in Agricultural r1al

* Plant Phenotyping

* Planting seeds

* Field Monitoring

* Disease control

* Pest and herbs control

* Crop damage assessment (lodging)
 Planting seeds

* Livestock management

* And lastly pollination drones

1 Norwegian University of Life Sciences



g Different type of platforms % ;_T-;"_'_,E rml‘_BJU
Satellites ~ # . N

3 £L
Manned aerial §

5
z
L

Stationary Platforms 3
Phenomobiles
Phenopoles §
Handheld Mobilephones

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

Norwegian University of Life Sciences



What we can do with a UAV? N
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RGB images

Thermography (IR) 3D models

Norwegian University of Life Sciences



Yield Estimation

Yield estimation of orange tree using

Count the number

of fruits i
H H H i estimation

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

4 Norwegian University of Life Sciences



Development of Cassava Yield Prediction Model

GIS-BASED LAND AERIAL SURVEY FIELD SURVEY WITH
SUITABILITY ANALYSIS OWNER

Analysis includes Slope, Rainfall, RGO images are captured for  Multispectral Images are Collect planting date/age, seeds,
Elevation, Distance from Rivers generating DOM to extract transformed to generate yield information, and boundary
and Roads, 5ol type, Land Cover plant growth Information vegetation indexes: NDVI, from field owner

(0.g. LAI, {PRAP) NDRE, SAVI, IREC!

L  J 4  J

Pests & Disease
Information

| | | |

Land Condition Biophysical Information Plant Information

Machine Leaning and A.l. Analytics

Yield Prediction Model

https://anavision.com/blog/cassava-vyield-prediction/

5 Norwegian University of Life Sciences



Weed Detection FM_.,"_BJU

https://robohub.org/uav-based-crop-and-weed-classification-for-future-farming/

6 Norwegian University of Life Sciences



Disease detection I‘M_.,"_BJU

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

7 Norwegian University of Life Sciences



Biomass Estimation FM_.,"_BJU

a -; ! T T 5T
O T b T
NDRE=(NIR- "] T :gg;

! RE)/(NIR+RE) sxa¥isesestnd

¢ ( i

' QIR T HTHI

& — RI/NIR+R) I

< ERERREREEY

RI/(6+8) S

NOVI Area P T

R

Pixel wise

Validation of UAV-based alfalfa biomass predictability using photogrammetry with fully automatic plot segmentation | Scientific Reports (nature.com)

8 Norwegian University of Life Sciences



Plant Height Measurement "

B UAV and the plant height extraction process
Ll L b ¥}
N 1 NN BN EN N 0N
LD L LT | [
1 1 1 1 1.1 NN
0 N 0 S A W

UAV equipment Images collected by UAV CSM model for plant height

Dynamic plant height QTL revealed in maize through remote sensing phenotyping using a high-throughput unmanned aerial vehicle (UAV)
| Scientific Reports (nature.com)

9 Norwegian University of Life Sciences



Is it possible to use the same protocol for UAVs? WMt
Case study: UAVs in high latitudes

1) How does the time of flight or sun elevation North pole
angle affect data gathering flexibility and {37' 2
quality by UAVs? 35

i

2) Does the sun elevation angle have a
significant effect on trait prediction using UAV

data? 60

90

South Pol

3) How does the type of sensor could affect 7
data quallty and mOdel predlCtlon The Distance Between Degrees of Latitude and Longitude (thoughtco.com)

performance?

10 Norwegian University of Life Sciences



What types of sensors?

Phantom 4
Multispectral
(P4M)

Micasense
RedEdge-M

Reflectance

0.0
400nm

Micasense .
RedEdge M II I | I II || I i
|

DJI Phantom 4
Camera

Visible spectrum | Red|
Edge

S00nm G00nm 700nm [ a00nm S00nm 1000nm

. . 1 :
REER! |.-!p

P4 Multispectral Micasense RedEdge M

Red
Green
Blue

Red Edge
NIR

650 + 16 nm 668 £+ 5 nm
560 + 16 nm 560 £ 10 nm
450 + 16 nm 475+ 10 nm
730 £ 16 nm 717 £5nm
840 £ 26 nm 840 £ 20 nm

11 Plant phenotyping NMBU
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Trials and flights "

A collection of 24 historical and modern
spring wheat cultivars planted in As, south-
eastern Norway, 59°39°N, 10°45°E, in 2020
and 2021.

* 5 parallel mission flights:
—Beginning of June — tillering stage
—Last week of June — stem elongation
—Beginning of July — heading stage )
—End of July — the onset of maturity | 75kgN/ha | 150kgN/ha | 150KgN/ha | 75kgN/ha
—End of July — maturing progress

Field Overview

12 Plant phenotyping NMBU Norwegian University of Life Sciences



What 1s the impact of the sun’s elevation angle?

To study the sun elevation angle effect:

Seven flights were conducted by both cameras at the followmg ”_'\

time points and corresponding solar elevation angles:

Trait prediction using two models

09:00 (28.59°),
10:00 (37.75°),
11:00 (42.04°),
12:00 (46.78°),

13:00 (49.23°),

14 (48.92°),
15 (45.89°%)

Up o = Elevation Angle
A B8z = Zenith Angle

/‘ 8a = Azimuth Angle

The overall between-camera differences for the corresponding

variables were estimated using the mean difference (MD).

Z{ (Var{;l - Vargz)
j

MDl' =

Where Varg1 and Varg2 are corresponding values of sample

j(j=1’25 3’ ttt

n) for the variable i for cameras S1 and S2 respectively.

13
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A: Mean reflectance values for PAM bands B: Mean reflectance values for RedEdge M bands N
= Bluc
0.5 - 05 4 —— RedE
— Creer
s Red
— NIR
0.4 04 -

Mean reflectance
=
199
Mean reflectance
o

[/

0.1 4 0.1 4
e — o —
— —

0.0 4— T T r - T - 0.0 +— - - - - - -
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Time Time

Average band reflectance (A, B) values during the day generated from both cameras
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Mean values

U
C: Mean values for PAM Vs D: Mean values for RedEdge M Vs |—|‘_B
Mt
28 3 NDVI N

GSAVI

GOSAVI

MNLI

MSAVI2

MSR

NLI

OSAVI

RDVI

SAVI

SR

TDVI

™I

WDRVI

GDV1

DV1

GCl1

GNDVI

Mean Value

~
o r- h\
R "S& \3-‘5& \,&P \‘,§ c)p \q@ \\"Q\ O ;.@ \'yﬁo W
Time Time

Average band reflectance VIs (C, D) values during the day generated from both cameras
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Ac MDD values for bands

i i i i i é . ® Bus |
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Mean difference (MD) values of captured bands by both cameras A) Bands B)VIs
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WO N
GSAVI
GOSAVI
MSAVIZ
MSR
OsAV
RDWV1
SAVI

SR
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™
WDV
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GGl
GNDWI
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Mean difference (MD) values of captured bands by both cameras VIs
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A Ayt brtares ol value fny boib cameras Uil herwern gencrsted Vs Briom Boif camers
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Correlation between band values and VIs generated from both cameras (A, B), the correlation between VIs by both cameras, and yield

(C, D).
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RMSE

N
ARandomForest RMSE YValues BoLASSO RMSE Values
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Models' performance and t-test results to compare the two cameras during the course of the day
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A: Correlation between RedEdge M Vis and Yield 2020 " B: Corelation between M Vis and Yield 2030 |_|__ U
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Pearson correlation between yield and generated VIs by both cameras A, B (2020), C, D (2021)
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Model performance and t-test results to compare the two cameras during the 2020 season
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RMSE Yield
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Conclusion: N
 The reflectance values changed with changes in the sun elevation angle.

* The reflectance values measured by both cameras are most correlated around local noon when the sun angle is

highest.

* Some vegetation indices measured by P4AM multispectral camera can compensate for the sun elevation angle effect

and generate more consistent values during the day.

* The research results showed that the PAM camera has a better performance and consistency to generate different

vegetation indices for application in plant phenotyping and precision agriculture.

* In overall, the difference between both sensors wasn’t significant for trait prediction.

23 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
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NIR imaging of the Earth

Nasa



The electromagnetic spectrum
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Leaf Spectra
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RGB images tef

Red = 645 nm N—

Green =510 nm

Blue = 400 nm




Multispectral images el

Visible light
4 »
400 500 500 700 OO 900
Wavelength (nm)

v Healthy Plant e Stressed Plant e SOl
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Vegetation indices

Visible light

g

700 800 00

Wavelength (nm)

e Healthy Plant e Stressed Plant  we= S0l

NDV| — NIR — Red
NIR + Red
MTC — NIR — Rededge

Redege — Red

P (NIR— Rededge)

(NIR+6*Red—7.5% Blue +1)

Norwegian University of Life Sciences
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Hyperspectral imaging

Full spectrum In each pixel




Phenotyping of wheat

T EEIAY -M~
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Chlorophyll production

Plant cover
Stress
Diseases
Fertilizers

Norwegian University of Life Sciences 12



NDVI maps

10/08

18/07

17/06
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Phenotyping experiment T

{UtyAhasirien:

As and Stange
* 300 spring wheat lines, 396 cultivars
* Measurements of agronomic traits and hm |
grain yield
» Multispectral images from UAV
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Yield prediction v

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

EHE Computers and Electranics in Agriculiure
bl - -

Sequential forward selection and support vector
regression in comparison to LASSO regression

Measured grain yield (ton/hec)

w

'y

July 19th
R2=0.86 "3 '
MSE=0.19 5 o

3 a3 5 6
Predicted grain yield(ton/hec)

for spring wheat vield prediction based on UAV
imagery

Residuals
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Genomic prediction Lk

High Throughput
Phenotyping

> Increased rate of Genetic Gain
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* In 2020 and 2021 we performed
weekly parallel testing of the PAM
and the Micasence camera

e P4M camera was more stable than
Micasence for the derived vegetation
indices and less sensitive to sun P4 Multispectral DJI

angles

* P4M seems particularly well suited
for phenotyping

Micasense RedEdge-M'




Robot images ptd

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)

Norwegian University of Life Sciences 19



Hyperspectral imaging — wheat rust
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Hyperspectral imaging rra

Detecting tipburn in lettuce

22



AgriPV — combining agriculture and N 2
solar energy production
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AgriPV — SunFarming at NMBU »+
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SB Exploring solar energy combined with a fleet of electrical
NIBIO vehicles and precision agriculture for reduced GHG-

NORSK INSTITUTT FOR emissions (SolarFarm)
——— Advances and Innovations in Agriculture. The 4t NJF —EurAgEng — Agromek Joint

seminar
November 29th , 2022

El Houssein Chouaib Harik /7 NIBIO

. | o v



SolarFarm — at a glance

Solar energy
production system

Electrical vehicle
fleet management

Precision fertilization

System analysis




“The low hanging fruits”

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.

SolarFarm

L “®A

i o,




Reduce the emissions from tractor related activities on the
farm



Replace diesel tractors o

O

150 HP Diesel tractor

with electrical tractors

-

o0

3 X 50 HP Electric tractor
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How to drive 3 tractors at the same _
time? Solution 2



To reach this:

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




Communication scheme

Follower
m2m
@ *
m2s o Leader

B ma2s
w—r—/ \
GUI s

(@)
(EA) ) GSM/4G/5G

=)

Server



The user Iinterface

The GUI

Task allocation example




Operation of vehicles in a small team




The Charging station

Parking zone
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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 A UAV taken image (BBCH49) Prediction of the N uptake (BBCH49)
and a hyperspectral camera (blue = low, green = middle, yellow =
high)

qC NiBIO




The path from drone measurement to the field application

Prediction of the N uptake (BBCH49) Recommendations for variable N Precision application of liquid mineral
application (BBCH49) N fertilizer using the developed

(blue = low, green = middle, yellow = prototype
qC NiBIO

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




Development of a high spatial resolution liquid fertilizer
applicator




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.

]

| ]
5
o
=
a)
]
]
&
g




Driver development

50% Duty Cycle

spraying — = .
e i

/;5% Duty Cycle
not spraying |_| |_

25% Duty Cycle




The first functioning prototype of the precision spreader based on a Hardi sprayer.
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Thank you for your attention

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

Jakob Geipel El Houssein Chouaib Harik Krzysztof Kusnierek B Anne-Grete Roer Hjelkrem Kristian Rindal

NI

NIBIO

NORSK INSTITUTT FOR
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Some numbers...




Lokalitet: S r st orge Stor korng rd Stort melkebruk Stor
kombinas onsg rd

gris og korn
Totalt forbruk Elektrisitet m Elektrisitet Elektrisitet
Stor og liten dieseltraktor 4910 | 8 250 | 4 380 |
Stor diesel- og liten batteritraktor 4 250 | 2 500 kWh 8 080 | 600 kWh 3900 | 1 800 kWh
(18 m?) (5 m?) (13 m?)
Stor hydrogen- og liten batteritraktor - 50 500 - 94 200 - 46 500
kKWh kWh kWh
(376 m?) (702 m?) (346 m?)
Stor og liten hydrogen traktor - 55 700 - 95 600 - 50 300
kKWh kWh kWh
(415 m?) (712 m?) (374 m?)
Flate med sma batteritraktorer - 10 200 - - - -
kWh
(76 m?)

qC NiBIO




« Stor korngard lokalisert i Sgrgst-Norge

 Funksjonell enhet: 1 kg (85% terrstoff) med
bygg, varhvete og hasthvete ved
gardsgrinda

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

- Feltutslipp - Batteri - Korntarking
- Insatsfaktorer - Kjering pa garden

- Maskiner og bygninger - Transport
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Avlingsregistrering

» 96 hgsteruter satt ut i de forskjellige blokker/striper i feltet

» Kornprgver tatt med Haldrup forsgkstresker og registrert
med samme rutiner som vanlige feltforsgk

« Avling og kvalitet analysert pa Apelsvoll med samme rutiner
som vanlige feltforsgk. Relativt lav avling med omtrent 600
kg daa-1.

« Jordvariasjon pavirket avlingsresultat og var ikke fullstendig
eliminert av variabel N-tildeling basert pa drone og regressiv
agronomisk tildelingsmodell

P 2007 harvest plom it pont ARG image o (RS
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Avlingsresultat

Histogram of yield
Field average

0.0014

0.0012

Mean 5tDev N
5947 46285 32
5993 4012 32

0.0010

0.0005 -

Density

0.0008

0.0004 -

0.0002

)

AN

0.0000

5200 5600 5000 5400 5800
yield

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

Histogram of protein
Field average

Mean 5StDev N
1435 06423 32
1445 06590 32

ize 1386 144 152 160

protein

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

Siv Fagertun Remberg
Associate professor
Norwegian University of Life Sciences (NMBU)
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Advances and Innovations in Agricultural Engineering Pl arAg R

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




#f

" _...-'.4-

| / 4 . /
Pl / ” A/ y _ /; 4
, ‘vtrawberryproductlon (|n Norway.and many otherxcountrles

e ) o M [F =

P!.

(e

Greenhouses

Tunnels Sl |
1) Tunnel cultivation with plants on seilridges
2) Tunnel cultivation (high tunnels) with plants on table-tops




-but give new opportunities!

* The climatic conditions are changed!

—Temperature, light (?), precipitation/moisture

 Plants out of the ground and up in the air!

—Require more adapted equipment (irrigation, fertilization..) :

— A production adapted to all kind of plants and cultivars?

Norwegian University of Life Sciences



-but give new opportunities!

» Extended growing and production season

—Both ‘pre- and post’ ordinary season (seasonal flowering
CvS.)

* Produce (straw)berries in novel areas
— Geographically

— Growing technique not dependent on growing in the ground |
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Norwegian University of Life Sciences



Strawberries — plant types and type of cultivation FM_.,"—BJU

* Field production: e Tunnel:

— Seasonal flowering cultivars —Everbearing cultivars

= short days are needed for flowerbud —Flower induction in long days

induction .
—Yield (on the same plants) the

—Flowering the following year whole growing season
—Harvesting for 4 weeks « Usually 3 crop tops .Mwm
—Different cultivars mature at different times in Norway f

—In Norway: strawberry fruit harvest June-
August
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Norwegian University of Life Sciences

Rivero et al., Horticulturae 2022, 8, 504. https://doi.org/10.3390/horticulturae8060504



Strawberry cultivation

« All strawberry cultivars are different!

— Growth and development, fruit shape, taste and flavour, chemical
content, susceptibility to insects and diseases, frost tolerance etc.

» There are certain requirements for strawberry cultivars used in
commercial production (which is not decided by the producer!)

* Different requirements and regulations for production in open fields
compared to greenhouse/tunnel

» Possible changes due to cultivation practice:

—Pests and diseases, berry quality, pollination etc.

Norwegian University of Life Sciences
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Case from NMBU: strawberry tabletop tunnel cultivation

» Coorporation: Faculty of Science and Technology (Realtek) and Biosciences (Biovit)
and Centre for Plant Research in Controlled Climate (SKP), NMBU

* Funding from NMBU, FORREGION Vestfold and Saga Robotics at an early stage

» Tunnel (Haygrove, UK (Myhrene AS) and tabletop built in 2019, automatic irrigation
and fertigation system (Elceta), technical help from SKP and Realtek

Norwegian University of Life Sciences



S

=




Innovation project (SAGA Robotics, RCN/NFR):

Sensors for automatic strawberry precision picking
Sensorer for automatisk presisjonsplukking av jordbaer




MalBaer

» Aims to develop sensors for estimating:
—Size and shape
—Ripeness
—Chemical indicators

—Diseases?

» With the use of an autonomous
(strawberry-picking) robot




MalBaer

* The value potential of a strawberry-
picking robot will be realized when:

—The sensors will give reliable
information on berry quality at
harvest

* Destructive measurements are used to
measure various quality attributes

e Correlated to non-destructive

~measurements (different sensors)



Technology can help to solve
the food production in the future!




Thorvald — the robot!

Photo: nmbu.no




Thorvald — the famous robot! W_-nl'_J

| -r

'IEE

Royal visit to NMBU in March 2017 )
Photo: Hakon Sparre, NMBU



Thorvald as a platform —and different 8
technical solutions on various challenges

* Powdery mildew in strawberries
 Efficient, autonomous, sustainable and cost-effective treatment

» UV-C light treatments every night
—EXxposing the plants to shortwave light weekly at night
—A substitute for conventional (chemical) fungicide application
—Controls powdery mildew
—Autonomous application
—Environmental benefits

https://sagarobotics.com/crops/strawberries/
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Strawberry picker

» A unit attached on Thorvald platform

 This unit can track and seek out single
berries

— Can identify red colour

» This does not mean berries of the correct ripening
stage!

— Succession rate of 70-90%, with a low rate of
picking unripe berries
* |t can also follow and register berry
development

https://sagarobotics.com/crops/strawberries/



Strawberry picker

* It has a potential for including several sensors

» Sensordata can optimalize production and
harvest and will provide yield predictability
valuable for the market

* To develop this picking unit further:

— Distinguish between unripe berries, and berries of
various ripening stages

— ldentify berries with different symptoms
» Diseases, deformed berries

—In the end: sort the different qualities to ensure
berries of good quality in the punnets

https://sagarobotics.com/crops/strawberries/



Strawberry picker il
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 Tested in UK and Norway in 2020

* In traditional strawberry production,
labor-costs are estimated to approx. 40%
of the production costs

* In Europe, shortage of labor is a problem

— Automatization will then play an important
role for this industry

» Customers are willing to pay good
money for berries of good quality

* The sensors developed in this project
can also be used on other crops, e.qg.
apples

https://sagarobotics.com/crops/strawberries/




Project 2021&2022 izt
« 2021:

—Growing strawberries in NMBU-
tunnel in a table-top system

—Berry quality analyses
« “traditional” destructive analyses

—Develop and test sensors in lab

* Qutdoor and indoor measurements with
multiple sensors

—Sensory panel (human taste/flavour
perception)

» 2022: Further testing of the robot
» 2023: Develop sensors on Thorvald,

—further-andfinattesting——————

https://sagarobotics.com/crops/strawberries/







“Thank you for listening! ;..




