g LIEGE université
Gembloux
Agro-Bio Tech

Digital Twin of a Smart Plant Factory for plant phenotyping

Data assimilation between measured and simulated 3D point
cloud data in the CPlantBox FSPM

Arnaud Bouvry




Digital Twin : a« Buzz word » for modeling ?

» Physical vs Virtual entity
» 6 tenets

MONITORING
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RECOLLECTION

Adapted from Verdouw et al., 2021
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oy | Hint!

Plant Factories in the 2020’s

Time series data on
phenome, environment, genome
management & social events

o ; 4 2020 -
roponics for
a0 Al aencn > 3
2 A Big data Vision,
1990 y . . Al-based smart PFAL
! - LED Automas objectives
1960-1970 Automation, ] ’ management system
uv, B, G, R, obotics,
FL (FR&white) Laser, EL goals and
HPS g targets
Phenomics-based plant production & breeding

Leafy and fruit vegetables & medicinal plants

Source: Midjourney Al hallucination

4 Smart Plant Factory, Kozai, 2018
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Plant Factory with Artificial Lighting

» 96 LEDs total
» 16 independant channels
» Parameters :

— LED spectrum

— Emittance modulation

— Pulsed light
(f=0..10 kHz)

Lumiatec - PHS 16
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Phenotyping capabilities

VAN

Extract features over time :
- plant height
- plant convex hull volume
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Twinning process
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Simulated 3D point clouds

Physical  — | Virtual
entity | «——— | entity

Hypothesis
X — Physical | __ %
entity
Virtual l { l
entity R ESPM A
X — —Y

3.



Virtual
entity

Architecture simulations - CPlantBox

o Architectures :
Sensitivity fime series Store parameters and features in a
_ analysis > generation > _ look-up table _
Define parameters Define parameters and their
nd their domain’ Based on sets of domain’ nstraint
a eir domain’s parameters omain’s constraints
constraints
dt=7d

plant age=42d

- Leaf basal zone length
- Leaf apical zone length 7 ) ) ) )
- Max. leaf length R 2L L Y,
- Max. leaf area 2 | X, X, X,

n X, ., X, , X,

Zhou et al., 2020
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Virtual
entity

Virtual 3D scans

Field of view

Resolution (x and vy, pix.)
Range

Position

Direction

Time of flight simulation

by ray casting ’Ff

Sample simulated point >

cloud ¢

Elevation [cm]

o
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Physical entity
features

1 n Mapping of each

MSE =— Z (YA-—YI.)Z ___, individual to best set

of simulation

/ n ;= parameters

Virtual entity
(simulated) features Mean Squared Error
loss function

Repetitions to account for
stochasticity of the model
(n=20)



Comparing phenotypes

Maximal leaf length (n=20)
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Highly significant difference between groups

*** p-val~0



Comparing phenotypes

Leaf apical zone length (n=20)

Leaf basal zone length (n=20)
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Maximal leaf area (n=20)
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Expand parameter exploration

Brutefereelook-up — Optimization algorithm to adjust parameters
Feed environmental variables into the workflow

Y

X — measured data

X

env

> CPlantBox
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Time to pack up !
(after some questions)
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Adpted from Lobet G. et al.
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Point cloud preprocessing

» Clip each plant location (grid coordinates)

> Highlight plants with « good old » Excess Green Index :

ExG=2G-R-B
» Extract with Otsu’s threshold

Normalized ExG map 1e6 Histogram THRESH _TOZERO
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https://commons.wikimedia.org/wiki/File:Basic_concept_of_Kalman_filtering.svg?uselang=fr
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