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This paper describes our project to design a Smart Autonomous Greenhouse (SAG) and proposes a methodology of modeling suitable for simulation, analysis and control. This kind of Systems permanently interact with its environment. The smart greenhouse is equipped with a distributed control system using IoTs, wireless-sensors and actuators. We propose a Variable Structure and Switched System Models (VSAS) class for a robust modeling and control approach. VSAS models allow us to develop a Virtual Twin of the Smart Connected Greenhouse.

I. INTRODUCTION

The renewable energy based systems, like a smart controlled greenhouse, operate in different environment conditions with changing climate conditions and varying characteristics. Several phenomena are involved in the process dynamic behavior like radiation, air circulation by wind, heating, humidity and temperature variations and condensation [START_REF] Rajaoarisoa | Modélisation et analyse d'une classe de systèmes complexes à structures variables: Application à une serre agricole[END_REF]- [START_REF] Salgado | Greenhouse climate hierarchical fuzzy modelling[END_REF]. This increases the models complexity and the technology progress allows wireless local and decentralized controls to fulfill the performance requirements.

After a difficult sanitary period and several confinements, a large number of people want a home for more comfort and space. The wish for a garden with a greenhouse and a vegetable patch of 20m².

Learning to manage an agricultural greenhouse or to maintain a vegetable garden makes it possible to overcome the restriction of movement and to combine business with pleasure by producing vegetables. The more self-contained this greenhouse, the better.

In this work, we have designed a Smart Autonomous Greenhouse (SAG) fed by renewable energies (hot water and electric energy by PVT panels), and propose an approach of modeling its dynamic behavior, for ease of stabilization of its internal state despite climate changes. This model will let us know how to deal with observability, predictability and controllability of such systems.

The process dynamic behavior is described by a VSAS model in interaction with its environment. This gives the possibility to develop a digital twin to get a Virtual Greenhouse (VSAG) to run either in parallel to show more on the internal dynamics (as virtual sensors) or can be used to predict the behavior over the climate changes and eventual prescribed control inputs.

The Virtual SAG is useful for remote control to show the dynamic behavior. It may be used also for learning how the greenhouse behaves and can be monitored. These topics will be studied further.

Thus, we present in the section 2 the progress of our project, namely the design of a Smart Connected Autonomous Greenhouse and its simulation as a digital twin. We start by the greenhouse description and the data (measurements) acquisition and sharing process, then we proceed with the process modeling as VSAS System. The stabilization and control problem are considered in section 3, with simulations. Some stability tools useful for this approach are presented and we illustrate the effectiveness of this technique in section 4 by showing simulations results of Greenhouse model.

II. SMART GREENHOUSE AND ITS MODEL A. Process Description and Design

An SAG greenhouse can normally create optimal conditions for plant growth and manage the crop growth. It is controlled to improve the weather conditions and create optimal conditions for certain crops. It is sensitive to the external disturbances like solar radiation, temperature, wind etc. and has to filter the disadvantages like wind and rain by controlling the internal temperature, the internal hygrometry and the carbon dioxide. There are, in a greenhouse at least, eight inputs and two outputs involved in a non linear and switched way which have to be controlled : -4 actuators (heating Ch, opening or ventilation Ov (%), shade Om (%) and misting system Br, -4 disturbances (external temperature T e (°C), external hygrometry H e (%), solar radiation R g (W/m2) and wind speed v w (km/h)), -2 controlled outputs (only) are considered here for simplicity (internal temperature T i (°C) and internal hygrometry H i (%)). This is illustrated in the Figure (II-A). Other outputs can also be considered like CO 2 , crop health and water content.

The agricultural greenhouse control therefore consists of at least the 3 subsystems following: * Heating: by circulation of hot water in tubes buried; the water will be heated by solar energy. * The Misting: made by a ramp that runs through the greenhouse lengthwise spraying a mist of water * Ventilation: made by fan and / or manual or remote controlled openings of the sashes and the roof.

The greenhouse is heated by circulation of hot water in a pipe buried in the ground. The water is heated by solar energy in PVT panels (this will be considered in further papers). Humidity is adjusted by a Misting ramp in the length of the greenhouse. A quantity of water is sprayed under fog shape. Ventilation is provided by controlled openings (on the walls and the roof). Ventilation (and windows opening) acts on temperature and humidity dynamics. Shading windows is sometimes used to reduce the effect of high solar radiation.

2) System Variables and parameters: Let us define the internal and external plant variables and the system parameters. The minimum number of states, input and environment variables to be measured are defined in the following table (I). Please note that several other measurement points have to be considered in the future to get the temperatures and humidity inside and outside the greenhouse. We have also to distinguish measurement (Ti, Te, Hi, He) for each wall and the roof as they vary in function of orientation regard to the sun and wind dirextion.

In addition, we will also consider in the model the following states Variables: • the watering state of the substrate • Water deficit • Air Saturation humidity. • the wind speed

3) Measurement and Control System description: Smart Connection Sensors are placed in the greenhouse to measure the internal air temperature and humidity . Other soil temperature sensors are placed near the plant rooting substrate. Outside the greenhouse we measure the external air temperature and humidity as well as the solar radiation and air flow by a wind speed sensor. A wireless network of sensors made up of connected nodes to collect the measured quantities in the greenhouse (Temperature, Humidity, radiation, wind speed etc.). We have designed the nodes (see fig ( II-A3)) using a module integrating a 32-bit micro-controller, ESP32 type from the manufacturer "Espressif Systems" associated with a LORA SX1278 chip This module is associated with an XBee communication chip thus allowing possibility of 3 wireless communication protocols modes: LORA, Zigbee and Wifi, see figure (II-A3).

The ESP32 is a series of system-on-a-chip (SoC) microcontrollers from Espressif Systems, based on Tensilica's Xtensa LX6 architecture, integrating Wi-Fi and Bluetooth management (up to LE 5.0 and 5.1).

The proposed Network structure allows both the choices of -the best communication mode to send the measured data (physical quantities) and -the type of sensors that will be associated for greater Regardless of the communication mode used, the data arrives on a mini-computer (as a Raspberry Pi) serving as a protocol and application server. This is connected to a 4G router for remote control. The Raspberry Pi also hosts a programming environment (IDE) allowing a remote user to modify or test their own programming code on any network node by selecting their MAC address. A boot-loader is used to configure the micro-controller of each node in Over-To-Air (OTA) mode via native WiFi communication. Beyond this flexibility, the choice of communication protocols (LORA, ZigBee, Wifi) for the return of the measured physical quantities is also done by programming from the Raspberry Pi.

Figure II-A2 shows an application window developed to display regularly updated measurements retrieved from a "MySQL" database integrated into the minicomputer.

This interface is particularly important to provide userfriendliness. Each of the communication protocols has its own advantages and disadvantages:

-Lora: great communication distance (2-5Km in urban areas to 15-20Km in suburban areas), low energy consumption, but low data rate(0.3 to 100kbps); -Zigbee : low communication distance (10 to 100 meters), middle energy consumption, data rate (20kps to 250kbps) -In addition it allows to develop (using the process models) observers or virtual sensors to get non measured variables.

Thus, the communication protocol chosen will depend on the type of information sent and the time required between two measurements (see figure II-A3 

B. VSAS Model of a Greenhouse

Let us consider a class of Multi-Input Multi-Output (MIMO) hybrid systems which interacts intermittently with their environment, in changing conditions and varying characteristics. Different phenomena, governed by discrete events, produce effects on the process behavior. This affects the system operation mode, and switches operations associated to events (like wind, rain, shadows, ...).

1) Previous works: : Hybrid Systems Some approaches are based either on a classic linear modeling using contextdependent Markov-switching [START_REF] Murray-Smith | Multiple model approaches to modeling and Control[END_REF] or on a hierarchical fuzzy logic used for commutation and supervision [START_REF] Sirdi | Switched complex system analysis for modeling, control and diagnosis[END_REF], or non linear extension of PCA [START_REF] Pessel | Analyse discriminante pour le diagnostic: Application a une serre agricole expérimentale[END_REF] or driven by a prediction error generated [START_REF] Narendra | Adaptation and learning using multiple models, switching, and tuning[END_REF], or using a bank of Kalman filters [START_REF] Theilliol | A multiple model based approach for fault tolerant control in non-linear systems[END_REF] or Markov chains [START_REF] Murray-Smith | Modelling human control behaviour with contextdependent markov-switching multiple models[END_REF].

Some authors use local black box representations and involve learning approaches such as neural networks, fuzzy logic methods or neuro-fuzzy techniques [START_REF] Salgado | Greenhouse climate hierarchical fuzzy modelling[END_REF] [START_REF] Pessel | Analyse discriminante pour le diagnostic: Application a une serre agricole expérimentale[END_REF]. These models are operating points dependent and do not allow physical interpretations.

If in identification of a such system we use a single model, then it will have to quickly adapt itself to the new environment after each change [START_REF] Salgado | Greenhouse climate hierarchical fuzzy modelling[END_REF], [START_REF] Rajaoarisoa | Greenhouse Climate Modeling : Observability and Identification for Supervision[END_REF], [START_REF] Monteils | Modèle energétique de la serre agricole[END_REF]. An appropriate control can be computed using several models combined adequately in function of the operating region.

Another way may combine local grey box representations based on partial knowledge on involved phenomena. Several local partial models are combined in a hybrid representation [START_REF] Sirdi | Switched complex system analysis for modeling, control and diagnosis[END_REF]. Some knowledge on this kind of events is necessary to follow the structure commutations and then observe, estimate or identify the models combination and their parameters [START_REF] Rajaoarisoa | Greenhouse Climate Modeling : Observability and Identification for Supervision[END_REF], [START_REF] Baruch | A hybrid multimodel neural network for nonlinear systems identification[END_REF], [START_REF] Belhani | An observer based backstepping control for a greenhouse[END_REF].

The models have to be adequate either for identification, behavioral analysis or for diagnosis [START_REF] Rajaoarisoa | Greenhouse Climate Modeling : Observability and Identification for Supervision[END_REF]. Thus, one can consider the behavior driven by multiple models orchestrated by events governing the system operation [START_REF] Belhani | An observer based backstepping control for a greenhouse[END_REF], [START_REF] Rajaoarisoa | Modelling for control and diagnosis for a class of non linear complex switched systems[END_REF].

So we propose a new framework for such system for observation, identification or for diagnosis and control. To show its usefulness let us develop the model of an SAG.

2) Variable Structure Automatic Switched Systems: We propose a switched multi-model approach [START_REF] Sirdi | Switched complex system analysis for modeling, control and diagnosis[END_REF], [START_REF] Rajaoarisoa | Greenhouse Climate Modeling : Observability and Identification for Supervision[END_REF]. Mainly several (sub) models (M p ) are involved to represent parts of the process dynamics in different regions D p ⊂ R n and time periods (for p = 1, 2, ...q).

żp = f mp (z p , u, t), t ∈ R (1)
Each one of these partial models is valid in some state subspace D p ⊂ R n . u is a set of inputs of the system.

To describe the global system, we propose then:

   żp (t) = f mp (z p , x e , u, t) f or p = 1, .., N m ξ p (t k ) = F [t k-1 , u, x, z p , x e , t] f or p = 1, .., N m ẋ(t) = g m (x, x e , u, z p , f mp , ξ p , t) (2) 
where:

• x(t) is the global system state vector (continuous),

• x e is the set of external variables or perturbations,

• u are the control inputs (heat,misting, ventilation),

• z p is the state vector of the partial sub system M p , • F is the discrete time function defining the switching, • t k is the time instant of the weights changes (ξ p (t k )),

• ξ p the weight of the M p models contribution to dynamics of the global system.

g m is a weighted sum of the P sub models f mp leading

ẋ(t) = P p=1 ξ p (t k ).f mp (x, x e , u, z p , f mp , t) (3) 
These models are combined (by means of ξ p (t k )), for each operating zone, by some Switching rules (see discrete events in figure 1 of [START_REF] Sirdi | Switched complex system analysis for modeling, control and diagnosis[END_REF]). In our case we do not switch between models but modify the models combination used in function of: -Time periods leading to selection of some model equations, like night, day or daybreak and sunset where solar radiation is null, full or weak increasing or decreasing -Running logic in the energetic behavior or command of the system, eg temperature is too low (respectively high) then start heating (respectively ventilation).

-Interaction and or some connection with other variables or feature like condensation on the roof or canopy due to temperature gradient. This class of models can be referred to as a VSAS representation driven by some Discrete Event Systems.

III. GREENHOUSE VSAS MODEL

The data collected from sensors and cameras will be used by a VR toolbox to give Greenhouse Virtual Representation model. This will allow us to watch the behavior of the greenhouse through internet.

A. The Greenhouse physical VSAS model

The dynamics of the greenhouse is a due to combination of physical phenomena involving transfers of energy (radiations and heat noted Φ i ) and of mass transfers (water and vapour fluxes noted Q i ) taking place in the greenhouse.

The model equations can be written by deriving the appropriate energy and mass balances, for the inside temperature T i (in °C) and humidity, H i (in kg/m3) among other quantities like CO2 content.

These processes depend on the outside climate conditions, structure of the greenhouse, type and state of the crop and on the actuating control signals (typically ventilation and heating) to modify inside temperature and humidity conditions, shading and artificial light to change internal radiation, CO2 injection to influence photosynthesis and cooling by evaporation for humidity enrichment and decreasing the air temperature). In this paper, only the temperature and humidity outputs are considered.

Let Φ S be the heat flow and Q m air humidity mass balance received by the greenhouse volume at time t. The temperature and the air humidity dynamics are governed by the following equations:

dT i dt = 1 C p .Φ S (t) (4) 
dHi dt = Q m (5) 
The greenhouse climate model describes the dynamic behavior of the state variables by the use of differential equations for the air temperature, humidity and CO2 concentrations. This is time dependent. In our previous work an experimental conclusion proved that are three or four periods in a day: night, day and daybreak transition, in the morning and in the evening [START_REF] Rajaoarisoa | Modélisation et analyse d'une classe de systèmes complexes à structures variables: Application à une serre agricole[END_REF], [START_REF] Sirdi | Switched complex system analysis for modeling, control and diagnosis[END_REF]. The moisture level is affected by the ventilation, the misting, the condensation of air on the walls, on the roof and the evaporation of plants and soil. This means that some equations are not always active, which means that ξ p (t) varies during the day and depends on the controls activity.

Let Φ S be the heat flow balance received by the greenhouse volume at time t. It is equal to the sum of heat inflow Φ in and the heat flow produced Φ prod minus the heat losses Φ loss and consumed flow Φ Cons by the crop (assumed null).

The input heat flow is made of 4 components coming from solar radiation, ventilation, misting and heating. The flow produced is the sum of flows provided by the soil convection, plants, people in the greenhouse, etc. We will consider here only that of the ground.

Φ S (t) = Φ in + Φ prod -Φ Cons -Φ loss Φ in = Φ Ray + Φ V ent + Φ Brum + Φ Heat Φ prod = Φ Conv-Sol + Φ P lants + Φ Conv-P ers (6) 
The air humidity (vapor) mass balance is the sum of misting, evaporation, ventilation, soil evaporation, canopy condensation and roof condensation. This gives:

Q m = 6 i=1 Q mi dTi dt = 1 Cp .Φ S (t) dHi dt = Q 1 + Q 2 + Q 3 + Q 4 + Q 5 + Q 6 dT f dt = - h pf .A f m f .C f .(T f -T s ) + ṁe.c m f .C f .(T f -T f in ) dTs dt = -hsi.As ms.Cs .(T s -T i ) - h sf .A f ms.Cs .(T s -T f out ) (7) 
The last two equations describe the heating system where T f is the heating fluid temperature (which enters in greenhouse with T f in and leaves it with T f out ) and T s the greenhouse soil one. Let us note R = 1

Vg dVg dt = 1 Vg q a the rate of air volume exchange by ventilation and dV g /dt = q a the air flow.

By analysis of all those thermal flows and humidity flows combination we get (see appendices for details)

Φ loss = C p .h p . Ap Vg .(T i -T e ) Φ Conv-Sol = h s . As Vg (T i -T s ) Φ V ent = -C p . dTi dt = -R.C p (T i -T e ) Φ Brum = L v . F b .(Ti-Te) Vg Φ Chauf = m s .C s A f .(T s -T f ) Φ cons = 0 (8) 
and for humidity balance

Q 1 = R b /1.3.V g Q 2 = (a + b.R g ).D i Q 3 = 1 Vg dv dt (H i -H e ) = (H i -H e ).R v Q 4 = (a s + b s .R g ).(H * -H i ) Q 5 = C paroi .C m,h (c res .H * -H i ) Q 6 = C roof .C m,h (H rouf (T e ) -H i ) (9) 
Each line of the equations (8 and 9) will be waited by the corresponding ξ p (t k ) = 1 when active or =0 when inactive. We can also consider smooth transitions from 0 to 1 and reciprocally. For example the terms function of the sun radiation may be 0 for the night, 1 for the day and 0.5 (or growing from 0 to 1) during the night-break (from 5:00 to 7:30 mornings of Summer-days) and decreasing from 1 to 0 during the daybreak (from 19:30 to 22:00).

This model representation is modular and adjustable: the weighting functions can also be adjusted depending on the region in the world.

IV. CONCLUSION

The VSAS approach involves the material and energy balances, then it is very well adapted to model the dynamics of a greenhouse with its structure variations. As a consequence the stability analysis and control can be easily managed. The project construction is in good progress and simulations will be presented in the conference.

The inside climate can be easily stabilized by use of control based on multiple Lyapunov functions and then observed, diagnosed and monitored.

The model is modular, this facilitate the measurements by wireless sensors with adapted sampling period for acquisition and control trough IoTs and local feedback loops. Simulation results gave us very encouraging results and the experimental setup is in progress, this will be discussed at the conference.

Our future works will be on the observation and robust control techniques which cope with distributed electronic computing by use of IoTs and wireless technologies, as the use of a big centralized computer is avoided. 
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TABLE I SYSTEM

 I STATE VARIABLES, ENVIRONMENT INPUTS AND PARAMETERS

		State Variables	
	Variable	Description	Units
	H i	Internal air Humidity rate	kg/m3
	T i	Internal air temperature	°C
	Ts	Temperature of the soil	°C
	T f	Temperature of the heating fluid	°C
	T f out	Outlet Fluid Temperature	°C
		Environment Variables	
	He	External air Humidity	kg/m3
	Rg	Solar Radiation	
	Te	External air temperature	°C
	T f in	Inlet Fluid Temperature	°C
	T System Parameter	
	Se	The Canopy surface exposed to sun	m 2
	As	Surface of the greenhouse soil	m 2
	A f	Contact Surface of the heating circuit	m 2
	Ap	Surface of the Canopy in contact of external air	m 2
	Vg	Air Volume inside the Greenhouse	40m 3
	tau	Absorption coefficient of the ground substract	
	Kc	Heat Transmission Coefficient of the Roof	
	a and b	Parameters of the Crop evaporation model	-

b Temperature of the water used for misting °C vw External wind velocity m/s qa Ventilation Air flow g/s H * The water content % at saturation Input Variables ṁf Hot water flow in the heating circuit l/s Rv Control Variable of the air flow rate -F b Control Variable of the Misting flow -R Ventilation air flow Rate R = 1 Vg qa l/s

from Semtech (French inventor of LORA). This reference is well known from the LoRa practitioners.

  BMS Battery Management System, page 1 ICSS Intelligent Control of Switched Systems, page 1 SAG Smart Autonomous Greenhouse, page 1 MIMO Multiple Inputs Multiple Outputs, page 1 ODE Ordinary Differential Equations, page 1 VSAS Variable Structure Automatic System, page 1
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APPENDIX A HEAT FLOW EXCHANGES

The greenhouse modeling consists of writing different thermal and water balances regulating the exchanges with the environment. Let us consider now the heat flow exchanges and the air circulation in the greenhouse.

The heat balance is equal to the sum of heat inflow Φ in and the heat flow produced Φ prod minus the heat losses Φ loss and consumed flow Φ Cons :

a) Losses / Output heat Flow: Φ loss It consists of heat losses by radiation, by convection with the ground and by conduction with the cover and the walls. The loss of greenhouse heat by radiation is low compared to the conduction of walls because the temperature differences between the different bodies having low emissivity are weak. On the other hand, it is only slowly variable, so the heat radiation flow does not appear explicitly in the greenhouse model.

Most of the losses takes place through the walls and roof of the greenhouse. T e is the outside temperature, T p the walls temperature, T i the internal air temperature and C p its thermal capacity (in J / K). The h pe and h pi are the outside and inside Heat transfer coefficient of walls (in W / m2K), respectively.

A wall, of area A p (in m 2 ) can be modeled by the following ordinary differential equation [START_REF] Lu | Simulation de performance d'un système multi-sources d'énergie en utilisant le plancher chauffant pour chauffer un bâtiment[END_REF], [START_REF] Van Schijndel | Advanced simulation of building system and control with simulink[END_REF]. This is essentially the convection flow with the wall which can be approximated as follows.

If we denote by h p the specific heat coefficient of the walls and we consider that the walls are simple (and not doubled), the Convection takes place through both sides of the wall, internal coefficient hi and external coefficient he; The overall coefficient then checks 1 hp = 1 hi + 1 he . The coefficient h p depends not only on the nature of the wall but also thermal agitation, so it increases with wind speed (denoted by v w ) [START_REF] Bailley | Glasshouse thermal screen : influence of single and double screens on heat loss and crops environment[END_REF], [START_REF] Boulard | Analysis of thermal performance of greenhouse as a solar collector[END_REF],

b) Input Heat Flows : Φ in The Greenhouse input flow is mainly made of 4 components coming from solar radiation, ventilation, misting and heating.

Solar radiation

Heat harnessed from solar radiation is transmitted by the walls and the cover of the greenhouse. This flow is correlated with the measurement of solar radiation R g , in (kcal/m2.h), proportional to the area exposed to the sun A s and proportional to the inverse of air volume of the greenhouse V g ; K being the transmission coefficient of the cover, it can be expressed under the form:

Ventilation flow is dV g /dt = q a and we consider the air

Vg q a . Assumption A.1: Assumption: We assume that the air coming from outside (with temperature T e ) homogenizes rapidly with the air inside the greenhouse (with temperature T i ) during a short time interval dt, (dV g ). Then the thermal balance of the exchanged air is: We assume that the air with misted water (with external temperature T e ) is immediately mixed with internal air (with temperature T i ). Let L v be the latent heat of vaporization of water expressed in kcal/g and F b the misting flow rate in g/h, the corresponding heat flow associated with misting is then:

Remark A.2: It should be noted that F b is linked to the temperature of the water injected in the form of a mist. The humidity rate will be controlled by F b as well as the cooling of the indoor air in the greenhouse.

Heating flow

The heating is provided by circulation of hot water in tubes buried in the substrate rooting. It can be expressed as a function of the temperatures of the hot water T f and the substrate T s . The temperature T f varies, when going through the greenhouse, from T in (at the input) to T f out ). This variation depends from the greenhouse soil temperature and the heating power supplied by water circulation. (for the conversion P into kcal/h = 860.P in kw).

These tubes heat a mass of earth from soil m s , with heat capacity C s , on an exchange surface A f . m f is the mass of the fluid inside the exchanger (hot water in the circuit).

The flow of hot water circulating in the greenhouse is ṁe and its specific heat is c f . It brings the heat flow ṁe .c f .(T f -T f in ) and during this time, its temperature evolves according to the equation:

The heat fluxes exchanged, by the soil in addition to the quantity of heat received, are Q si from the soil to the air inside the greenhouse is

Remark A.3: The greenhouse temperature control by hot water can be done either with the water temperature at the inlet T f in but we will prefer to do it using the water flow ṁe Then the substrate will transmit a heat input to the air in the greenhouse according to the temperature difference (T i -T s ) and the ground surface-air exchange.

c) Produced Heat flow: Φ prod The flow produced is the sum of flows provided by the soil convection, plants, people in the greenhouse, etc. We will consider here only that of the ground.

The soil convection The temperature of the soil is assumed homogeneous. The amount of heat transmitted to the ambient air of the greenhouse by convection can be written as the difference of 2 flows, one varying according to the temperature of the air inside the greenhouse (φ i = h s . As Vg T i ) and the oone of the soil, slowly varying (φ s = -h s . As Vg T s ):

Consumed Flow: Φ cons The flow consumed is equal to the different flows that can be consumed in the greenhouse. For this, we can consider the life of plants. For now it is assumed to be null Φ cons ≈ 0.

APPENDIX B AIR FLOW EXCHANGES AND MISTING

The water content H i of the ambient air (Humidity) of the greenhouse depends on the variations due to the Misting Q 1 , to the evaporation of the plants Q 2 of the ventilation Q 3 , of the evaporation of the soil Q 4 condensation on the walls Q 5 and condensation on the roof Q 6 expressed in g/m 2 /s.

Condensation on the walls and the roof is negligible during the day and occurs at night.

The Misting Q 1 : Spraying an amount of water is done using a ramp carried by a trolley through the greenhouse. Let R b be the flow rate of the fogger (in g/hour), which we convert in (g/kg.h) by dividing it by 1.3V g (1m 3 of air weighing 1.3kg):

We assumes the temperature of the plants equal to that of the internal air of the greenhouse (T i ). R g is the global external radiation, a and b are parameters to be estimated. D i = H * -H i is the water deficit in the ambient air of the greenhouse. It is equal to H * (water content at saturation) minus H i the water content at internal temperature T i We quantify the evaporation of plants as proportional to D i and R g :

Ventilation Q 3 : Ventilation is the only way the greenhouse exchanges air with its environment. It provides a volume of air dv with hygrometry H e which replaces a volume dv with hygrometry H i . We will therefore have the material balance:

Soil Evaporation Q 4 It takes place at the time of watering and can be neglected a time period after watering. We consider a similar equivalent model to that of plants:

Condensation Q 5 : The walls behave like a source of water vapor for the greenhouse, by the condensation of air (we will suppose c res ≈ 1)

Roof condensation Q 6 During the night the outside temperature is lower than the inside one. Then begins the condensation on the roof surface, which we will assume at a temperature equal to that of the air inside the greenhouseT i .