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Goal: Understand how algorithms, machine learning, and AI turn raw data into 
useful decisions

What are algorithms, ML and AI?

Applications in agriculture

Why is data quality so important?

Benefits, risks, and future outlook

Discussion

From data to decisions – AI in modern agriculture
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What does “Digitalisation” in agriculture mean?

Mechanization
(1900)

• Introduction of the 

tractor

• Increase in work 

efficiency

• Labour-intensive systems

• Relatively low 

productivity

Precision Farming
(1990)

• GNSS (Global Navigation 

Satellite System)

• Steering systems

• Yield mapping

• Variable Rate Application 

(already in English)

• Telemetry

• Data management

Green Revolution
(1950)

• New agronomic practices

• Use of inputs (mineral 

fertilizers and PPPs)

• Improved sowing quality

• Yield increase

Smart Farming
(2010)

• IoT/Sensors

• Robotics/Automation

• Drones

• Artificial Intelligence

• Data processing
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Use of digital technologies to collect, process and use data

Goal: More precise decisions

Reduced use of resources such as fertilizers, fuel, and labor …

What does “Digitalisation” in agriculture mean?

https://www.fancom.com/blog/precision-livestock-farming
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Definition: A step-by-step set of rules to solve a problem

Not always “intelligent” – just fixed logic

Two main types:

Mechanistic (rule-based): based on known equations (e.g. biology, physics)
Example: ModVege – simulates plant growth using temperature, light, etc.

Data-driven: learns patterns from data→ Leads to Machine Learning (more on 
that next)

What is an Algorithm?
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Mechanistic example (Jouven et al. (2006))

What is an Algorithm?
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What is an Algorithm?
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� Data driven example (estiGrass3D+, Aebischer et al. (2024))

don't follow pre-written equations, but instead learns from data

What is Machine Learning?

Vegetation indices

200 kg DM/ha

3200 kg DM/ha

Regression

healthy

unhealthy

Classifcation
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What is Machine Learning?

https://medium.com/deep-learning-demystified/introduction-to-neural-networks-part-2-c261a99f4138

Random Forest

Neural Network



Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences

Two types of Machine Learning (ML)

2
Supervised Learning 

Learn with teacher (estiGrass3d+)

Unsupervised Learning 

Find hidden patterns

supervised unsupervised
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Subsets:

Neural networks (Deep Learning), 
Random forest, …

Supervised ML

supervised
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Example: Object detection

Annotate Detect

Train

Deep Learning
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Example: estiGrass3D+

Orthomosaic

Vegetation indices

Orthomosaic 
& digital 
surface 

model (DSM)

Surface model

Crop height model

Random Forest



Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences

Results: Herbage biomass predictions

Estimated
biomass

3D-Information (height)

Vegetation indices

Seasonal agronomic
information

Random 
Forest
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Results: Herbage biomass predictions

14 locations

430 training samples 

220 test samples
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Results: Herbage biomass predictions

�� = 0.82 

'��)
 = 20.3 %
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Subsets:

-Means, DBScan, …

Unsupervised ML

unsupervised
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Example: Clustering
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AI refers to systems that perform tasks which usually require human intelligence 
like understanding, deciding, adapting.

When do we call it Artificial Intelligence (AI)?

For example: 

A model like estiGrass3D+ that predicts yield is 
helpful – but it's still just a tool.

Robot in the field: it recognizes where crops and 
weeds are, decides how to act, and adapts when 
conditions change – that’s AI.



Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences

Typical components:

What’s inside an AI System
supervised

unsupervised
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In summary
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Garbage in – Garbage out

The value of data – Why input quality matters

Machine learning depends heavily on 
data quality
Input errors reduce prediction
accuracy!

Example:
Wrong mower used or incorrect cutting
height
Incorrect drying, …

Bad data = bad model



Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences

Estimated data is cheaper – but often less accurate

Sensor data is more precise – but costs more (maintenance)

… and again → Wrong assumptions → wrong predictions

Weather station 10 km away ≠ real microclimate

Cheap or precise?
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Cheap and precise?

We measure weather data at one precise 
SwissMeteo station

� high-quality ground truth

OpenMeteo (or similar APIs) provide broad, 
interpolated data

� fast, cheap, but less accurate

We combine both: use station data to correct, 
calibrate, or validate surrounding OpenMeteo
estimates.
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Not only sensors can be inaccurate – humans too!

Commercial labeling service

Students
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Do you see digitalization more as an opportunity or a risk 
for your farm/business?

Digitalization has no

impact.

Surveyed farmers (n=500) | Multiple answers possible | Source: Bitkom Research 2022
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Digitalization in Agriculture – Pros

What are the greatest advantages of digital applications on the farm?

Surveyed farmers (n=500) | Multiple answers possible | Source: Bitkom Research 2022
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Digitalization in Agriculture – Cons

In your opinion, what are the biggest obstacles slowing down the digitalization of agriculture?

Surveyed farmers (n=500) | Multiple answers possible | Source: Bitkom Research 2022

High investment costs

Concern about increased bureaucracy

Lack of standardized interfaces 
and system integration 

Concern about loss of data 
sovereignty

Lack of digital skills

Concern about IT 
security

Inadequate internet
connectivity

Fear of contact

Digital skills of own 
employees: 
school grade 2.8
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Great models often fail outside ideal conditions

Field implementation = the real challenge

Example: sensor failures, user acceptance, local context

Field vs. Lab – Bridging the Gap
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AI learns from human-created data

Local knowledge still essential

Farmers and advisors must stay 
involved

The human factor – AI needs expertise

https://aifarming.ca/blogs/ai-in-agriculture-the-future-of-farming-in-canada/
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Where Are We Going?

AI is already part of modern 
agriculture

You can’t fix bad data with more 
technology.

Best future: 

humans + AI = smarter decisions
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Thank You!

Herbage biomass predictions from UAV data 

using a derived digital terrain model 

and machine learning
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