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Aim of this presentation: 
To inspire and share applied research projects and ideas 

Introduction
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The Netherlands and Japan
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 2 organisations - a university plus R&D 

organisations. Mission statement:

“To explore nature and to improve the 

quality of life”

 5,600 employees/ 12.800 students

 Two research greenhouse locations in 

NL: Bleiswijk & Wageningen Campus

Wageningen University & Research
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White box models
Digital twin

 Data greedy algorithms

 Lack of available data

 Limited real-world try- outs

 Delay in reward

 Well validated models (climate & 
crops as tomatoes, cucumbers)

 Synthetic data on greenhouse climate 
and crop

Towards Autonomous Greenhouses
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AI

ControlsNew States



Remote & Autonomous Control of Greenhouses
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Outdoor

Actuators

Sensors

Indoor 

Climate computer Host Intelligent Algorithms 



Autonomous Greenhouse Challenge
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 Benchmark experiment

 Artificial Intelligence & 

cucumber production1

 Artificial Intelligence & cherry 

tomato production
1Hemming et. al. ”Remote Control of Greenhouse Vegetable Production with Artificial 
Intelligence-Greenhouse Climate, Irrigation, and Crop Production”,2019.

Autonomous Greenhouses

http://www.autonomousgreenhouses.com/


Subscription

May SeptemberJuly

Selection
22/7/2019

Hackathon
12-13/9/2019

October

Sowing
19/10/2019

December

Transplanting
16/12/2019

Real Challenge
20/12/2019

February

1st Harvest
13/2/2020

May

Last Harvest
29/5/2020

June

Final Event
8/6/2020

2019 2020

Timeline: Autonomous Greenhouse Challenge
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The Challenge
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39%
61%

Agriculture

Horticulture

Physiology

Biology

Robotics

Data analytics

Sensors

Computer sciences

AI

Software Engineering

 5 multidisciplinary teams

• >60 participants

• 10 nationalities

 Dutch growers-Reference

 The goal of the experiment was to
maximize net profit, while
controlling growth of the
greenhouse crop, cherry tomato
remotely with different sensors
and intelligent algorithms



 Sponsors

 6 identical compartments 
(equipment, actuators and sensors)

 Cherry tomato cv. Axiany

 LED Heliospectra Elixia

 Interface data reading and control 
LetsGrow

 Internet connection KPN 

Challenge set-up
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Autonomous Greenhouse Challenge
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 Greenhouse climate

 Greenhouse crops

 Quality of fruits (TSS)

Greenhouse climate control

14

Dec Jan/20 Feb Mar Apr May Jun
16

18

20

22

24

26

28

30

32

T
em

pe
ra

tu
re

 [
o

C
]

301 302 303 304 305 306

Dec Jan/20 Feb Mar Apr May Jun
5

10

15

20

25

30

P
A

R
to

ta
l [m

ol
]

301 302 303 304 305 306

Dec Jan/20 Feb Mar Apr May Jun
400

500

600

700

800

900

C
O

2
 [p

pm
]

301 302 303 304 305 306

Dec Jan/20 Feb Mar Apr May Jun
2

3

4

5

6

7

8

S
te

m
 d

en
si

ty
 [#

st
em

s/
m

2
]

301 302 303 304 305 306

Dec Jan/20 Feb Mar Apr May Jun
0

100

200

300

400

500

600

700

800

P
la

nt
 lo

ad
 [#

F
ru

its
/m

2
]

301 302 303 304 305 306
7 7.5 8 8.5 9 9.5 10

TSS [
o

]

70

72

74

76

78

80

82

84

86

88

Fl
av

ou
r [

0-
10

0]

y = 3.7782x + 44.494

Feb Mar Apr May Jun
0

5

10

15

Pr
od

uc
tio

n 
[kg

/m
2 ]

301 302 303 304 305 306

Production
[kg/m2]

14.4
13.7
13.5
12.9
14.4
14.3

Feb Mar Apr May Jun
7

7.5

8

8.5

9

9.5

10

TS
S 

[
o ]

301 302 303 304 305 306



Criteria - Results

15

Feb Mar Apr May Jun
-20

-15

-10

-5

0

5

10

Ne
t P

ro
fit

 [€
/m

2
]

301 302 303 304 305 306

Net Profit

[€/m2]

6.86

6.26

3.59

3.35

3.19

3.10

Robustness

Scalability

Functionality

Novelty

AI
30%

Sustainability
20%

Water

CO2

Electricity

Heating
Nutrients

Net Profit
50%

Quality

Production

Costs

Automatoes

AICU

Automators

IUACAAS

Digilog

Automatoes

AICU

Digilog

IUACAAS

The Automators

Automatoes

AICU

IUACAAS

Digilog

Automators

1st

2nd

3rd

5th

4th



 Importance of crop management for high (quality) production

 Systems complexity, late reward

 Data needed on all aspects of growing towards further development 

of AI/ data driven controls

 Replace laborious crop registrations with non-invasive crop sensing 

techniques (computer vision, deep learning)

 Automated handling, robotics towards fully autonomous concept

Lessons learned 
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 Challenges for which we are searching for new partners 
are:

● Explore plastic tunnels in Japan and autonomous 
GH.

● Explore tools within NPEC to understand and 
measure plant performance.

● Novel AI tools for the agrifood domain 

● Augmented Reality to let users interact with 
captured data inside the greenhouse.

● Harvesting robots for bell peppers, gerbera cut 
flowers, etc.

● Digital Twin development for greenhouses and 
vertical farms.

What's next 
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https://www.npec.nl/news/in-the-greenhouse-put-on-your-ar-glasses/
https://www.youtube.com/watch?v=DUgjFaYyecE


Digital Twins- Virtual Tomato 
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 Simulated greenhouse climate 
And the crop growth.

 Syncing real and digital twin 
using cameras & sensors.

 Run experiments with different 
scenarios to validate models

 Predict plant growth and yield, 
translation to large scale 
greenhouse production systems

Digital Twins- Virtual Tomato Crops 
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Digital Tomato Twin

https://www.npec.nl/news/wur-is-working-on-digital-twins-for-tomatoes-food-and-farming/


Thank you for your 
attention!

Questions?

Contact: 

rick.vandezedde@wur.nl

anna.Petropoulou@wur.nl
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