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Industry & Agriculture (1)
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Industry & Agriculture (2)

■ Industrial domain (industry 4.0)

□ Highly complex, but conditions are constant and straightforward to control 

(deterministic)

■ Agricultural domain (digital farming)

□ Highly complex and dynamic conditions in time & space

(only partly deterministic & highly stochastic)
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IT in Agriculture
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Purposes of Mechanisation

■ Increase land productivity

□ Higher yields, minimise losses, increase quality

■ Increase labor productivity

□ Working hours per ha

■ Decrease production costs

□ € per ha

■ Preserve natural resources

□ Sustainability

■ Improve working conditions

Automation + 
Information 
technology
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Planning & Decision

Process

Extended Automation in

Agricultural Technology

■ Automation in Machine Control

□ Automatic steering, auto headland turning,

adaptive settings for complex machinery

(combine) …

■ Automation in Process Control

□ Data acquisition of relevant soil & crop properties,

modeling & simulation, prices, crop rotation,

external information sources (internet) …

■ Automation in Planning & Decision Support

□ Data analysis, storage & retrieval, modeling, expert knowledge, prices, 

compliance to standards, certification, external information sources 

(internet) …

Machine
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Precision Farming

• Field books
and book 
keeping

• Basic data for
Precision 
Farming

• On farm 
research 
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• Quality
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• Tillage

• Sowing
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• Spraying

• Harvesting
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• Route planning

• Location 
monitoring

• Location 
monitoring with 
map-matching

• Fleet control and 
navigation
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control/
automated 
guidance
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• Automated 
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Definition of Precision Farming

■ Site-specific agriculture has been defined as

“an information and technology based agricultural management system

to identify, analyze, and manage spatial and temporal variability within fields 

for optimal profitability, sustainability, and protection of the environment”

(G. Johnson, University of Minnesota)

■ Precision Farming tries to observe and respond to spatial and temporal 

variability.

■ Precision Farming is a concept to reduce decision uncertainty.

■ 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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Site-specific Treatments –

Variable Rate Application (VRA)

Main Principles

Sensor basedMap based

Soil controlled ? Crop controlled ?
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Process of Generating Application Maps
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Fertilization

Uniform
dose rate

Optimal

N1 N3: increasedN2: reduced

Fertiliser           kg/ha

Reallocation of fertilizer from spots of 
low yield expectation to areas of high
yield expectations.
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Source: Amazone / Griepentrog
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Sensor-based Crop Management

Source: YARA

Data acquisition

(sensor)

Machine control

(application)

Data analysis
Decision /

Calibration
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Real-time Sensing

Source: Yara

Data Acquisition
(Sensor)

Dose Rate
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Sensor-based System

Passive and Active Sensors

passive active
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reflection
light 
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Sensor-based Crop Management 

(N fertilization, fungicide etc.)

Sensor name Principle Company

1 Crop meter

2 Crop sensor

Mechanical (resistance, angle)

Optical (Reflection active light)

Claas Agrosystems

3 N-Sensor

4 ALS

Optical (Reflection natural light)

Optical (Reflection active light, XENON)

Yara / Agricon

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

(Trimble)

6 Mini Veg N

7 Isaria

Optical (Laser induced fluorescence)

Optical (Reflection  active light, LED)

Fritzmeier, Germany

8 CropCircle Optical (Reflection active light, LED) GoodSoil

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

10 Multiplex Optical (Reflection active light) Force-A (Orsay, 

France)
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Typical Light Reflection for Biomass

Ultraviolet light Visible light Near infrared light
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Optical Sensors – Reflexion Indexes
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Optical Sensing of Nitrogen Demand
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Summary – System Descriptions

■ Map based

□ Soil sampling

□ Lab analysis

□ Data processing and analysis

□ Creation of application map

□ Execution / Application

■ Sensor based

□ Calibration

□ Crop data acquisition

□ Data processing

□ Execution / Application

All on-the-go

(realtime)
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Global Navigation Satellite System (GNSS) –

Automatic Steering Systems
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Automatic Steering Systems

GNSS Positioning Accuracy & Applications

Source: Agrosystems
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Section Control – GNSS-Switch 

Application of liquid fertilizer by 

spraying:

Reduction up to 18 %

compared with standard on/off-switching, 

depending on field shape and sprayer’s 

working width.
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Section Control – GNSS-Switch 

Source: Kverneland Group 
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Optical Systems

Source: Claas
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Optical Systems

CLAAS AUTOFIL

CLAAS CAMPILOT

Source: Claas
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Robots in Agriculture (1)

Source: Kongskilde
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Robots in Agriculture (2)

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

Source: Zhang & Noguchi, 2017
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New mechanisation

Source: AGCO Fendt
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Outlook

Digital Farming - Definition of Τerms

■ Precision Farming

□ Site-specific treatment

Variable dose rates with 

sensors & application technology

□ Automation

autosteering, section control, 

complex machine functions and logistics

■ Smart Farming

□ Real time systems

□ fusion & analysis of information

□ Decision support

■ Digital Farming & Farming 4.0

□ Internet of things (IoT), machine to 

machine communication (M2M)

□ Cloud computing

□ Big data

Digital Farming

Smart Farming

Precision 

Farming
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Outlook

Digital Farming - Definition of Τerms

■ Conventional or Uniform dose rate

traditional farming per field

■ Precision Farming Map & soil based,

site specific & offline,

variable dose rate

■ Smart Farming Sensor & crop based,

site specific & real time,

variable dose rate

■ Digital Farming Multi parameters,

single plant,

variable & individual

dose rate
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Previous Technological Infrastructure
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 The level of technological infrastructure has become more complex

 The potential for exploiting this infrastructure is manifold

Today's Technological Infrastructure

Sen2-Agri

Open Data

Source: R. Matthias; 

Horsch GmbH, modified

Drone
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Networks (M2M)

■ Internal:

□ Farm

□ Processes

□ Machines

■ External:

□ Farm

□ Partners

□ Internet

■ REQUIREMENT

□ Mobile 

communication

□ Standardised

interface & data

formats

Farm

Commercial
Data
Platforms
(e.g. cloud)

Sensors Data
acquisition

Real time
decisions

Information
system
(FMIS)

Einhaltung
Standards

Contractors /
Advisors

Ministry of AG

Source: FutureFarm, modified

World
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Automated

Automation Level

Manual

Smart & Digital Farming

Source: Parasuraman et al. 2000, modified

Data Acquisition

(Sensors)

Data

Analysis 

(Algorithms)

Decision Support

(Human Support)

Execution

(Application)

Type of automated function

Smart & Digital Farming
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Old

When?

Conclusion –

Robotic Systems und Automation Level

Manual            Control            Adaptive           Decision
Associative         Planning

Farm

Production
Process

Machine

2017 2037?

Complexity

Automation Level
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Summary

 Precision Farming is an integrating technology to increase resource 

efficiency.

 It uses modern sensing methods to describe crop plant growing conditions in 

real time.

 It applies farming inputs to the fields with a high accuracy in terms of amount 

(dose rates) and spatial distribution and resolution.

 New development in technology as machine communication (IoT), cloud 

computing and big data analysis are the next steps to improve the overall 

sustainability of agricultural production systems.
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THE END

Thanks for your attention!


