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Bl |ndustry & Agriculture (1)
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Bl |ndustry & Agriculture ( 2)

Yy Industrial domain (industry 4.0)

I Highly complex, but conditions are constant and straightforward to control
(deterministic)

Yy Agricultural domain (digital farming)

I Highly complex and dynamic conditions in time & space
(only partly deterministic & highly stochastic)
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IT in Agriculture
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Source: Auernhammer 2004
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Purposes of Mechanisation

Yy Increase land productivity
I Higher yields, minimise losses, increase quality

Yy Increase labor productivity

I Working hours per ha _
Automation +

_ Information
Yy Decrease production costs technology

I Uperha

Yy Preserve natural resources
I Sustainability

Yy Improve working conditions
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Extended Automation in
Agricultural Technology

Yy Automation in Machine Control Machine

I Automatic steering, auto headland turning,
adaptive settings for complex machinery

combi ne 2
( ) Process

y'  Automation in Process Control

I Data acquisition of relevant soil & crop properties, Planning & Decision
modeling & simulation, prices, crop rotation,
external i nf ormation source

y  Automation in Planning & Decision Support

I Data analysis, storage & retrieval, modeling, expert knowledge, prices,
compliance to standards, certification, external information sources
(internet) &
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Bl Precision Farming

Automated Site Specific Fleet Autonomous
Data Aquisition Farming Management Machines
AField books ATillage ARoute planning Almplement
and book control/
keeping ASowing AlLocation automated
monitoring guidance
ABasic data for AFertilisation
Precision AlLocation AMaster slave
Farming ASpraying monitoring with
map - matching AAutomated
Aon farm AHarvesting tractors and
research AFleet control and robots
Alrrigation navigation

AAdministration
ATeleservice

AQuality _ Crop Management — =
management (_Labour Management )

(’ Farm Management ) (Machine Management )
Traceability (Documentation)

Source: Auernhammer 2004
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Definition of Precision Farming

y'  Site-specific agriculture has been defined as

Aan i nformation and technology based
to identify, analyze, and manage spatial and temporal variability within fields
for opti mal profitability, sustainabi

(G. Johnson, University of Minnesota)

Yy Precision Farming tries to observe and respond to spatial and temporal
variability.

Yy Precision Farming is a concept to reduce decision uncertainty.

Yy To do the right thing at the right place and the right time.
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Site -specific Management
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Crop Heterogeneity
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Soil Heterogeneity
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Yield Map Winter Wheat (32 ha)
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Bl  Sjte -specific Treatments 0
Variable Rate  Application  (VRA)

Main Principles

Sensor based

Map based

[ Soil controlled ? J [ Crop controlled ? J

© H.W. Griepentrog & D.S. Paraforos / 4-Sep-17 / Slide 14 Technology in Crop Production e



UNIVERSITAT HOHENHEIM

Process of Generating Application Maps
Application dose rate=

Demand minus content

Management strategy
(yield expectation,
economics etc.)
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Fertilization
Uniform
dose rate
N2: reduced N1 N3: increased
12 |
tha Too less
11

Yield

10 /
9
Reallocation of fertilizer from spots of

ﬁmuch
1
low yield expectation to areas of high

6 — yield expectations.

Fertiliser kg/ha
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Execution / Application / Map -based System

Dose Rate kg/ha
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Source: Amazone / Griepentrog
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Bl  Sensor -based Crop Management
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Bl  Real -time Sensing

Data Acquisition
(Sensor)

Controller
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Sensor -based System
Passive and Active Sensors

passive active

reference _
light

source 'TT reflection

reflection
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Bl  Sensor -based Crop Management
(N fertilization, fungicide etc.)

1 Crop meter Mechanical (resistance, angle) Claas Agrosystems

2 Crop sensor Optical (Reflection active light)

3 N-Sensor Optical (Reflection natural light) Yara / Agricon

4ALS Optical (Reflection active light, XENON)

5 Greenseeker Optical (Reflection active infrared, LED) LandData Eurosoft
(Trimble)

6 Mini Veg N Optical (Laser induced fluorescence) Fritzmeier, Germany

7 lsaria Optical (Reflection active light, LED)

8 CropCircle Optical (Reflection active light, LED) GoodSaoil

9 CropSpec Optical (Reflection active light, laser) TopCon / Yara

10 Multiplex Optical (Reflection active light) Force-A (Orsay,
France)
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Bl Typical Light Reflection for Biomass
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Bl  Optical Sensors 0 Reflexion Indexes
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Bl  Optical Sensing of Nitrogen Demand
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Bl  Suymmary 0 System Descriptions

Yy Map based
I Soil sampling
I Lab analysis
I Data processing and analysis
I Creation of application map
I Execution / Application

Yy Sensor based

I Calibration

I Crop data acquisition All on-the-go
- . (realtime)
| Data processing

I Execution / Application
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Bl  Global Navigation Satellite  System (GNSS) 0
Automatic  Steering Systems
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Automatic Steering Systems
GNSS Positioning Accuracy & Applications

M Accuracy
+/-2-3cm

M Accuracy M Accuracy W Accuracy
+/-15-30 cm +/-5-10cm +/- 4—6.cm
EGNOS (Basic version) OMNISTAR HP BASELINE HD
W With integrated M Dual frequency DGPS M Mobile
eDif correction B Worldwide single frequency receiver
m No license required correction signal service M Proprietary
M Correction signal service correction signal
required M 3-5kmrange
M Permanently available M No license required
M For the farm's
entire fleet
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RTK
M Permanently installed equipment
M Proprietary
correction signal
M 15-20 km range
M For the farm's entire
fleet, including
multiple farm use
M Correction signal also
available from Class dealers

Source: Agrosystems
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Section Control o GNSS -Switch

GRSESVitel O
O

... O
O
|

Application of liquid fertilizer by

spraying:
Reduction up to 18 %

compared with standard on/off-switching,
depending on field
K working width.

© H.W. Griepentrog & D.S. Paraforos / 4-Sep-17 / Slide 28 Technology in Crop Production

S rayer 0s




UNIVERSITAT HOHENHEIM

Section Control 90 GNSS -Switch

Source: Kverneland Group
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Bl  Optical Systems

Source: Claas [
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Optical Systems

CLAAS AUTOFIL
CLAAS CAMPILOT

Source: Claas
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Robots in Agriculture (1)

. An automated agricultural platform - Robotti ()

Source: Kongskilde
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Bl Robots in Agriculture  (2)

. "
| ccoRobotix
N\ ‘. s :

Source: Naio Technologies Source: ecoRobotix
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Robots In Agriculture (3)

Source : Zhang & Noguchi, 2017
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SAFETY

.

» Small and light weight
« Less power
» Less heat

COMFORT

+ Autonomous operation - . Bh

« Telemetric maintenance
» New value services

PRODUCTIVITY AND RELIABILITY

" «Use 1,10, 100... units
+Work 24/7 (climate change)
+ Quick service

n

ROBOTS

COST AND INVEST REDUCTION 4

+ No cab, no operator environment
« Minimum sensors, less material
« Easy production and assembly . ;

EFFICIENCY

« More yield

+ Less seeds and chemicals

SUSTAINABILITY el A

+ Less soil damage

+ Low energy, reduced CO:
« Low noise, no oil spillage
+ Ready for renewables

1

e
|Ill K

Seed Pesticide Fertilizer Yield

Input
Output

Seed Pattern + Fertillzer Precision

E
¥
=
2
=
3

Source: AGCO Fendt



UNIVERSITAT HOHENHEIM

Outlook
Digital Farming - Definition of  dzrms

Yy Precision Farming

~

| Site-specific treatment
Variable dose rates with
sensors & application technology

Automation
autosteering, section control,
complex machine functions and logistics

—

Yy Smart Farming Smart Farming
I Real time systems
I fusion & analysis of information Digital Farming

I Decision support
y" Digital Farming & Farming 4.0

I Internet of things (IoT), machine to
machine communication (M2M)
Cloud computing
Big data
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Outlook
Digital Farming - Definition of  dzrms

Uniform dose rate
per field

y Conventional or
traditional farming

Map & soil based,
site specific & offline,
variable dose rate

Yy Precision Farming

Sensor & crop based,
site specific & real time,
variable dose rate

Yy Smart Farming

~

y" Digital Farming Multi parameters,
ceeseee single plant,
eeeecere variable & individual
°©*®cocecoe dose rate
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Previous Technological Infrastructure

)
Desktop PC
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Bl Today's Technological Infrastructure
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% AGPS
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H/ﬂ"* K ETHk

; Kamera

T D

Tablet
Ay
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Desktop PC

Drone

Ggrs PGPS M*))
v
D Bluetooth l‘ -
USE ensors AA ))
Smartphone ’ ‘
Implement’'s Sensors
Brals and Actuators
[—— | T
= s -®
Server Internet
D Tractor's Sensors
- - and Actuators
Motebook

Source: R. Matthias;
Horsch GmbH, modified

U The level of technological infrastructure has become more complex
U The potential for exploiting this infrastructure is manifold
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Networks (M2M)

Internal:

Farm
Processes
Machines

y

~
~
~

External:
I Farm

I Partners

I Internet

Y REQUIREMENT

|  Mobile
communication
Standardised
interface & data
formats

s (
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Source: FutureFarm, modified
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Smart & Digital Farming

Type of automated function

Data
Analysis
(Algorithms)

Decision Support Execution
(Human Support) (Application)

Data Acquisition

(Sensors)

Automated Smart-& Digital Farming

Automation Level |

Manual

Source: Parasuraman et al. 2000, modified
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Bl  Conclusion 0
Robotic Systems und Automation Level

Compleiityity | | |

Farm 2017 O When?
Production

Process O
Machine
Old
Manual Control Adaptive Decision
Associative Planning
Automatiohbeveélevel
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