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Traditional environmental control design for space greenhouses



 Main plant functions in BLSS, time response and control drivers
Function   

 Physiological Acclimatory Main drivers 

Electron transport and 

O2 evolution 

Even very small fractions 

of seconds h-days

Light intensity, spectrum, 

photoperiod, metabolism, stress…

CO2 fixation Seconds to minutes Days (?) - weeks Light environment, CO2 partial 

pressure, temperature, source-sink 

balance, stress…

Transpiration Minutes to days Days (?) -  weeks VPD, light environment, CO2 partial 

pressure, source-sink balance, 

stress…

Water use efficiency 

(CO2/H2O)

Minutes to hours Days - weeks Water availability, CO2 partial 

pressure, light environments…

Biomass accumulation Days Days - weeks (months-

years)

Photosynthesis respiration source-

sink, stress…

Accumulation of 

nutritional compounds

Hours to days Days - weeks Photosynthesis, light environment, 

temperature, stress….



Gas exchange

• CO2 assimilation (O2 evolution) 

• Transpiration  

All environmental variables in a growth facility affect these two plant functions directly 

and via a complicated network of interactions

Modelling the role of the growth environment on gas exchange is particularly challenging 



Traditional  growth chambers AI controlled  growth chamber

UPGRADING

TESTING



a) The chambers can effectively function as a semi-closed system for measuring the canopy gas exchange

b) The response of the technological system and the canopy to changes in environmental variables set is 
very rapid and fully compatible with the task of functionally control gas exchange via an AI algorithm

c) The system is capable of accurately calculating the rate of photosynthesis over a three-minute period 
by performing linear regression on the CO2 concentration data.
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Example of full system response to changes in light intensity. 
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y = -0,0113x + 1,0391

R² = 0,7723

y = -0,0118x + 1,1962

R² = 0,9745
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A different response allows differential control of fluxes



Cases p

CO2 ppm 0,18

VPD 0,002

PFD 1,506×10-9

CO2 ppm ✻ VPD 0,05

CO2 ppm ✻ PFD 0,875

VPD ✻ PFD 0,848

CO2 ppm ✻ VPD ✻ PFD 0,407

ANOVA - Tr (g H2O / min)Modulated variables

VPD and light intensity had the strongest effect on TR. CO2 partial pressure and VPD shoved a complex interaction. 

ANOVA- :  VPD  (p = 0,002) ANOVA- :  PFD  (p < 0,001)

Example of TR modulation by combined changes of environmental variables.
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Next steps 

• Acquire datasets

• Complete the AI based algorithm for BLSS control

• Adapt and test the AI algorithm in the IRET growth chambers



CONCLUSIONS: ???



Thank you for your attention 


