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Op welke manier bezig met digitalisering?

 Klimaat

* Bemesting

* Teeltplanning

* Gewasmanagement




Al & Digital Twins

Het ecosysteem van digitalisering

Bronnen van informatie
-+ Sensoren - Klimaat, plant, substraat
* Modellen - Plant, kassystemen, weer

« Al - Computer vision & voorspellingen

Kansen & uitdagingen
- Van data naar informatie

« Connectiviteit van platformen - hollistische aanpak

» Voorspelling vs real-time feedback
Digital Twin
 Live - model gevoed met real-time data

* Fysiek systeem wordt gemonitord, data gebruikt om te simuleren,
adviseren en te optimaliseren.
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coDIT

Digitale landschap

Coupling Digital Twins In the Greenhouse

Sensors

Data partners
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Application partners
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CcoDIT Coupling Digital Twins In the Greenhouse

Setup & Doel

Coupled
Digital Twins

Crop
Measurements

Collaborative Blue print for
business models™ coupling DT’s
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CcoDIT Digital Twinning and Plant- & Climate Modelling

Coupled Digital Twins — Model interacties

Sensor- & productie-resultaten Physical

Plant + Klimaat
Plantontwikkeling

Groeistrategie
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CcoDIT Technological Development

Technologische Com

Common Greenhouse Ontology

has Part
transitve.

Growing Heal

Embedded He Vertical Pipe

..... Horizontal Pipe

Digital Twin Blauwdruk
* Kennis & regels
» Verbindingen

« Best practices

onenten

API verbindingen tussen DT’s

Starticontrol flow

8) MVP dashboard toont 0.a. per voorbeeld
temperatuur de gas en electrakosten @ )oistolor i ik woton wat
+ gewasopbrengst in grafieken e.d. Common sense hauristics - mn gasverbruik en

B + search space constraints cogstopbrenst is by een

temparatuurstrategie die 1
graad lager is dan normaal

MR dnshboarg
frontend temperature
‘cost-banafits use ase

in 1 search spaci
values

out 2: st of run-generation N

N+1 in3:

2) CODIT MVP AP stuurt parameters om
tamparatuur stratagie aan e maken in QMS /
QMS AP invoer is hetzalfda als wat een gabruiker

normaal handmalig in QMS GUI (website) invoerd

TODO/vervolgstap: alle
API's praten via
Hortivation Hub + in
CGO terminologie

3
in% ‘u"_muusw

— 6) CODIT MVP combineert SIOM waardes PAR + relative Humidity samen met
INTKAM waardes luchttemperatuur + CO2 ppm tot een invoer die valide s voor
INTKAM. INTKAM heeft zelfde settings/goals als QMS voor targetLAl
stomdansity, leafpickingstrategy , fruitnrPerTruas. + dit wordt naar INTKAM

gestuurd
4}CODIT MVP
3) QMS API geeft terug: tair, co2, humdef /i maakt van QMS ~ 7) INTKAM stuurt terug: harvest CumFruitFW, en voor plant
(+meer?) -> uurwaardes dankz)j climateprofiler Siraiegio 0.8 S LAl PlantLoad, StemDensity, Weight, en NodeCount
pon SIoM 5) SIOM API N
Delphy Ecosystem ;‘:a“":-:” ’ geeft terug ~
g vardaton GAS, CO2 ppm, KWH
‘ electra, APt

(andere settings?
verlichtingstrategy?)
Voor een default
kas. En stuurt

dit door naar SIOM
AP voor 1 of
maeardare runs

PAR op crop canopy
Relative Humidity,

(masr 00k
fresh/DryFruitProduction,
atc. )

Losgekoppelde optimalisatie

Pareto set ® Pareto front
Pareto set approximation @ Pareto front approximation

Xz Decision ”‘l Objective
I space pace
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CcoDIT Technological Development

Optimaliseren met Evolutionaire Algoritmes
- NSGA-3: Multi-objective evolutionair algoritme

« Output: Meerdere ‘gelijkwaardige’ optimale oplossingen (het Pareto front)

Initialise Population

=0 e Final Population
1= x Ideal Pareto Front
Reference Points
L J
Evaluation My X x
it ol x' oy I
¥ » g 1.0
- n »
Assign Fitness i
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satisfied?

Reproduction ﬁ @
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Mutzation mutation crossover
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CcoDIT Technological Development

CODIT Dashboard

\DIT INSTRUCTIONS GROWING STRATEGY GREENHOUSE (§ ﬁIT

INSTRUCTIONS GREENHOUSE SETTINGS GROWING STRATEGY CLIMATE CONTROL SETTINGS RESULTS AND VISUALISATION ECONOMIC INPUT HISTORIC AND REALIZED E—'

" . . . . . - .
SetTiters o showTestlts in grool Comparison Between Historic Predictions And Realized Measurements
Username
Description Themes
Production
APPLY FILTERS Production
Date range
Temperature
week 02- 2024 W to  week 46-2024 WV [ Appiy range |
Results for calculated scenarios start End
Click on a datapoint in the graph to fill the fields below. coz
Selected Scenario
Fresh fruit production per week Average fresh fruit weight per week
Gas usage 6
Electricity usage 211.20 kWh/m? kafm?* . kg/m* a
L c 6,00
SIOM Fruit Fresh Weight c T
2 600 &0 # 5,00
3 £
Username Seymour i 5.00 50 E 4.00
2 a0 w0 3,00
Description Siom only test < £
Siom only test £ 300 E 2,00
= -
= .
Date and Time 2024-04-26 11:13:31 ; 240 0 % 1.00
3
100 I 0 g 02 04 DB O 0 12 14 16 18 20 22 24 26 28 30 32 34 36 2B 40 47 44 46 48
a e
02 04 0 08 10 12 4 16 18 20 22 24 FE 28 30 32T 34 36 34 40 42 44 48 48 @ sverege tresn it weight [GOOIT]
week nr. @ swersge fresn fruit weight [Reatzed]
fruit productian Cumulstive weekly fresh fruit production
. Weekly fresh fruit preduction [CODVT] . Cumulative weakly frash fruit production  [CODIT]
. ‘Weekly fresh fruit production  [Realizea] . Cumulative weakly freah fruit production  [Resized]

Stored predictions (sorted by time):
GET ALL STORED PREDICTIONS (INCLUDING SIOM-ONLY)
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CcoDIT Digital Twinning and Plant- & Climate Modelling

Growth Trial Experiments

Congratulations Experiment Setup
healthy strong crop!!

* Full-year crop trial
« Goal: energy-efficient growing

» Crop advisor uses CODIT weekly
for new strategies

« Continuous monitoring
 Involved sensor manufacturers
Challenges

* Botrytis

* Low temperature growing

« Technical challenges
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coDIT QMS program

QMS-Tomato — Crop Strategy Planner

Ras specifiek Ras profiel

Vlees tomaten Licht benuttings efficientie

Tros tomaten Gemiddeld vruchtgewicht

Cocktail tomaten Uitgroeiduur

Cherry tomaten Bloeisnelheid

Snoep tomaten

~
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CcoDIT Planning

Teelt doelstellingen vs Teelt plan

VRUCHT VRUCHTEN PER TEMPERATUUR? RADIATIE?
GEWICHT TROS
PRODUCTIE (ENE?QRG?I[Z\I,I\,IAIIEQEEID) RAS? PLANT
DICHTHEID?

~
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CcoDIT Strategie planning

Planning

Voor start teelt

Start

- () () A

Wekelijks [ Eenmalig

Scenario A
- Snoei strategie
- >Vruchten per tros

Scenario B

- Hoge plantdichtheid

Scenario C

- Meerder dieven aanhouden

Etmaal Belichting
temp.

Snoei
strategie

Stengels per
mZ
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7627 - Afdeling 3.3 2023-2024

Merlice (LED)

Enlarge

PAR: Photosynthetic Active Radiation
[mol/m?/day]

Year

2023
2023
2023
2023

2023

5.00

0.00

T

General Calculation

Daily PAR per week

v
Start Strategy

2023-40 2023-43 2023-46 2023-459 2023-52 2024-03 2024-06 2024-09 2024-12 2024-15 2024-18 2024-21 2024-24

wk

40

41

42

43

44

Outside
Radiation
[/em?)]

744

643

547

458

378

Inside PAR
[mol/m?]

11.2

9.7

8.2

6.9

5.7

Climate averages per day

Adviced Lighting 1  Artificial lighting

LED [hrs] PAR [mol/m?]
0.0 0.0
0.0 0.0
0.0 0.0
20 1.8
6.9 6.2

Total PAR
[mol/m*)]

11.2

8.7

8.2

B.7

119

PAR demand
[mol/m?]

2.0

5.2

8.7

119

2024-27 2024-30 2

24H
Temperature
rcl

02

198

19.6

194

19.1

024-33 2024-36 2024-39

Flowering speed
[trusses / stem/ week]

0.83

0.80

0.78

0.76

—@

Adaptive Strategy

Daily PAR per week
2024-26
Inside PAR [mol/m?] 28.8

Total PAR [mol/m?] 39.7

PAR demand [mol/m?] 39.7

Production

2024-26

106-43 Calc. production cum. [kg/m?] 106.43

Weekly crop data: Merlice (LED)

Ti
Fruit per truss Fruitload Fruit weight @ss Ripening
#] [tom./m?] [ram] weight time [days]
[gram]
5 10.3 160.0 800 61
5 20.3 160.0 800 1]
5 N 160.0 &00 1]
5 39.6 160.0 800 59

is.delphy.nl/ords/r/delphy/ghc/start-strateqy?pd30_strategy_type=ADAPTIVE&p430_mre_id=~8session=443547360953%8cs= 1Prih6X15Nx0YgTDFFEgXEMHbBVSMNF1 fDS.LE LWpjk@WBEN|CGKxGojaqj52Kt5_ 4BWs0cZTFcPgfkcqu519g0pw

Predefined charts

Stem density and fruit load

Development speed

Fruit weight and fruits per truss

Ratio Temperature Radiation (RTR)

Calculated net
production cum.

[kg/m?]

Calculated net
production [kg/m?]
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7627 - Afdeling 3.3 2023-2024

Merlice (LED)

Enlarge
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PAR: Photosyn

Year

2023
2023
2023
2023

2023

35.00

30.00

15.00

10.00

5.00

0.00

2023-40 2023-43 2023-46 2023-49 2023-52 2024-03 2024-06 2024-09 2024-17 2024-15 2024-18 2024-21 2024-24 2024-27 2024-30 2024-33 2024-36 2024-39

Wk

40

a1

42

43

24

General Calculation

Daily PAR per week

O @
-
Start Strategy Adaptive Strategy
Daily PAR per week
[
2024-26

Qutside
Radiation
[Jfecm?]

T44

643

547

458

378

Climate averages per day

Inside PAR Adviced Lighting 1 Artificial lighting Total PAR

[mol/m?] LED [hrs] PAR [mol/m?] [mol/m?]
11.2 0.0 0.0 11.2
9.7 0.0 0.0 9.7
8.2 0.0 0.0 8.2
6.9 20 148 8.7
5.7 6.9 6.2 11.9

PAR demand
[molfm?]

]

5.2

&7

119

24H -
Flowering speed
Temperature

Q) [trusses / stem/ week]
20.2
188 0.83
196 0.80
19.4 0.78
191 0.76

106.43
Fruit per truss Fruitload
[#] [tom.fm?]
5 10.3
5 20.3
5 301
5 39.6

Inside PAR [mol/m?]
Total PAR [mol/m?]

PAR demand [mal/m?]

Production

2024-26

8.8
39.7

39.7

Calc. production cum. [kg/m?*] 106.43

Weekly crop data: Merlice (LED)

Fruit weight
[gram]

160.0

160.0

160.0

160.0

Truss
weight
[gram]

800

800

800

800

Ripening
time [days]

61

60

G0

59

Predefined charts

Stem density and fruit load

Development speed

Fruit weight and fruits per truss

Ratio Temperature Radiation (RTR)

Calculated net
production cum.
[kg/m?]

Calculated net
production [kg/m?]
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CcoDIT Werkwijze QMS

Planning + management

During the cultivation After the cultivation

Voor start teelt 04_

Teelt analyse

scenario

Kies één W

Wekelijks
gerealiseerde data:
- Klimaat
- Gewas registratie
- Productie
______________________________________________________________________________________ Update ras
Nieuw profiel

Weekly - One-time m EWP-B%NINEEN D(:l?)hy



COoDIT Meerwaarde QMS

Data-gedreven telen

Creeért teelt inzichten Teelt beslissingen op basis Volg een plan Pas doelstellingen aan
van data indien nodig

~
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CcoDIT

Bedankt voor uw
aandacht

We horen graag van u!

paolo.deheer@tno.nl

evelien.vantongerlo@wur.nl

n.vandergeest@delphy.nl
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