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KEYWORD ABSTRACT

Thermal energy;,  Currently the climate computer offers many benefits and solves problems related
Thermal to the regulation, monitoring and controls. Greenhouse growers remain vigilant
balance; and attentive, facing this technological development. They ensure competitiveness
Modeling; and optimize their investments / production cost which continues to grow. The
Fuzzy Logic application of artificial intelligence in the industry known for considerable
Controller; growth, which is not the case in the field of agricultural greenhouses, where
Optimization; enforcement remains timid. It is from this fact, we undertake research work in this
Simulation; area and conduct a simulation based on meteorological data through MATLAB
Greenhouse & Simulink to finally analyze the thermal behavior greenhouse microclimate energy.
Microclimate In this paper we present comparison of modeling and simulation management

of the greenhouse microclimate by fuzzy logic between a wetland (Dar El Beida
Algeria) and the other arid (Biskra Algeria).
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1. Introduction

Agricultural greenhouse originally designed as a simple enclosure limited by a transparent wall
(S.D. Dhamakale and S.B. Patil, 2011, Abdelhafid Hasni, B. Draoui, 2009), as is the case for con-
ventional tunnel greenhouses and largely answered chapel in several countries including those of the
Mediterranean basin (Campbell, Neil A. and Brad Williamson, 2006; Salgado and P. J. B. Cunha, and
C. Couto, 1998).

They amplify certain characteristics of the surrounding environment, thus involving variations of
internal energy and fairly significant heat loss due to the low inertia of the clamp system (N. Bibi-Triki
and S. Bendimemerad, 2011; Abdelhafid Hasni and B. Draoui, 2008).

To maintain a microclimate suited to the demands of the protected culture (F. Bouaama and K.
Lammari, 2008; Khelifa Lammari and F. Bouaama, 2012), energy intake and the introduction of new
technologies and air conditioning operation becomes necessary and essential, to do so face the chal-
lenge. supply and demand of agricultural products fresh throughout the year for a strictly increasing
population (Gates, R. S.K. Chao and N. Sigrimis, 2001; Didi Faouzi and Nacereddine Bibi Triki, 2016).

We are interested in this product conditioning of agricultural greenhouse while characterizing the
dynamic operation of the complex system that is the greenhouse with its various compartments (S.
Bendimerad and T. Mahdjoub, 2014; B. Draoui and F. Bounaama, 2013), develop models to reproduce
the essential properties, mechanisms and interactions different compartments and to approach the anal-
ysis of thermo-fluid behavior of agricultural greenhouse.

New climate techniques have emerged, including the use of regulation devices ranging from classi-
cal to the use of artificial intelligence, such as neural networks and / or fuzzy logic, etc.

Many facilities have been designed to regulate and monitor climate variables in an agricultural
greenhouse, such as: Temperature, Humidity, CO2 concentration, Irrigation, the ventilation, etc. The
possibilities offered by greenhouse climate computers have solved the problems relating to the regula-
tion and respect of climate instructions required by protected cultivation (M. El Aoud and M. Mabher,
2014).

The climate computer greenhouse will have to be integrated as a tool for dynamic management of
production, able to choose the most appropriate climate route, meet objectives and production orders,
while minimizing inputs.

The complexity of managing and optimizing this environment can not be addressed only through
a comprehensive approach to operating greenhouses-systems (Didi Faouzi and N. Bibi Triki, 2016).

Greenhouse management and the urgent and varied consumer demand make the problem multivari-
able, nonlinear and highly complex.

2. Modeling the greenhouse

This article deals with the modeling and simulation of our greenhouse model which is based on the
method of GUESS (Jamisson M. Hill, 2006).

GUESS is a model set in parameter block, meaning that spatial heterogeneity is ignored and it is
assumed that the inner content and the flow through the system boundary are evenly distributed.

The conservation equations are used to model the rate of system status change.

v/ For a warm greenhouse these state variables would be the indoor temperature, relative humidi-
ty, air pressure and CO2 concentration.
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v For the plant state variables are the water content, the body temperature, dry weight or biomass,
and internally sheet CO2.
A complete equation for the transport of some scalar quantity through a control volume is as fol-
lowing:

o
CV —— = A(Fint — Four) +V Qsource — Qsink) a)

C: The heat capacity (J / m®. k)

V: System Volume (m?)

®: is a quantity describing the state of the system (W/m?)
dx: Material thickness (m)

A: The flow boundary surface (control surface) (m?)

F. : Internal and external flux (W / m?)

int” © out

2.1. Modeling the climate of the greenhouse systems

The greenhouse is a closed system. It exchanges heat with greenhouse microclimate systems such
as heating, cooling and ventilation systems. The microclimate system is also a dynamic system in
which internal variables interact to produce variations at different spatial and temporal scales. A thor-
ough knowledge of these complex variations constitutes a basis for first understanding the behavior of
the climate and then foreseeing its evolution in order to control them. A climate model involves nu-
merically integrating a set of mathematical equations that represent the behavior of the climate system
(or subsystem).

2.1.1. Cooling Pad Model

In a greenhouse, evaporative cooling devices are used to reduce the temperature when the fan can
not reach appropriate levels for optimal plant growth. In equipped greenhouses, cooling evaporation is
the second part of the unrealized gain. Most evaporative cooling methods can be modeled as adiabatic
cooling process; the minimum temperature and the achievable maximum vapor pressure is equal to
the wet bulb.

The effectiveness of the typical tablet is about 85%. The heat loss rate depends on the fan speed.

Hpad = Hout +npad(Hwb - Hout) (2)
Tpad = Tout —npad(TWb - Tout) (3)
Qpad =P VFan Cp Npad (Tout = Twp ) (4)

Mlpad ; Pad efficiency
T, -
C: Specific heat (J/kg.k )
P : Density (kg /m%)

V: fan speed (m/s)

T, ,: The difference between the outside temperature and wet bulb (K)
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2.1.2. Model of fogging system

The flow of steam and heat are determined through Ohm’s Law and is as following:
e = KAnet (VPsat (wa [Tair' rhair]) - VPair) (5)
q=Aé ©

q : Is the heat transfer between the nebulizer and the air of agricultural greenhouse (W/m?).
K : Global coefficient of heat transmission (W/m?2.k).

P_ :Saturation pressure (Pascale).

P : Pression de l'air ambiant (pascale)

A : Thermal conductivity (W/m?2.Xk).

2.1.3. Evaluation of the wall temperature T,

The T, wall temperature evaluation model, closest to reality is determined based on the average
temperatures 7’ and T,

_ Tp;+Tp
=% @

The indoor and outdoor temperatures and are:

K(Tair,i_Tair,e)
Ty = Tair = =4~ ®)
K(Taii — Taire)
TPe = Tair,e + alT.;lpe e

The temperature evaluation model of T, wall will be expressed:

Tair,i + Tair,e k(hm - hpe) Tair,i - Tair,e

» .
2 hy-hp, 2
Tair,i + Tair,e Tair,i - Tair,e
T, = > +Cp >
A(hp.—h
Where: Cp = ( e re)
Ahp,+hpe )+ehp hp,
T, T, DryAir temperature Inside / Outside (K)

T . : Coefficient of superficial exchanges at the inter wall, of the outer wall (W/m?.k)

airi’ ~ aire

h

C, : Quotient de BIBI(.)
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This report dimensionless C,, is used in evaluating the wall temperature, it is now called the quo-
tient of BIBI, it is the ratio of the difference of surface thermal exchange by conduction, convection
and radiation occurring at the level of the greenhouse coverage.

2.1.4. Heating system

The heat produced per unit of fuel is modeled as:

36 _
hcombution = LHV + /1¢ * [; ¢ e €sat (Texhaust)] - (1 - r)CP,air Texhaust )

sensible

hcombution . . . .
sensible : Sensible heat load of a condensing water heater (J) , LHV : is lower heating value (KJ/kg),

O : is the fuel air, 36/16 : is the weight ratio of the produced steam to supply the burner , 7/, - is the
temperature of the exhaust gas (k) and r is the return ratio.

2.2. Energy balance of the greenhouse

The analytical energy balance equation of the greenhouse:

Stored energy change = Gain from internal sources + Gain from the sun - Losses due to conduction
through the cover - Losses due to long wave radiation - Unrealized losses (evaporation) - Losses due
to the exchange of air .

STORAGE GAIN LOSSES

dTy ARnet
pair VGH CP,GH & Osw Tglass I + Qheaters— Aﬂoor Nutilization
Shortwave

Solar

A+y

Evapotranspiration

LOSSES CON
seee T /H(Anet (Vpsat (wa [Tair' rhair]) - VPair) e (1C

Foggers

LOSSES CON

pC(P,air) I}'inf (Tin - Tout ) - pC(P,air) I}'nef: (Tin - Tpad )

advection

e - Indicates the report saturated with the relative humidity in the sub-model of combustion (Kg
steam / kg air)

O, uers - Is the heat provided by the heating system (W)

: Heat transfer coefficient inside and outside by convection (W/m?k)

b}

cony, in conv,out
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2.3. The mass transfer in the greenhouse

The mass balance for moisture in the greenhouse can be written as following :

de; . .
Pair Vgreenhouse d_;n = _Vinf * Pair (Hin - Hout) - Vvent = pair(Hin - Hpad) +

1 ARpet
zAfloor Nuitization Aty - KcondAcover[VPin - VPsat (Tcover)] +
Evapotranspiration candensation
Qheat
KAnet (Vpsat (wa [Tair,rhair]) - VPair) + T(pesat (Texhaust)

hcombustion

foggers combustion

(1D

V:
f . The speed of air infiltration (m/s).

: The total volume of agricultural greenhouse (m?).

greenhouse

H_,H :Isthe indoor and outdoor humidity (KJ / kg).

in” " out

Voent : Ventilation rate (m? air / s).
And for the humidity balance:

Rates of change in absolute humidity = Infiltration + Ventilation * (humidity difference with the out-
side) + Misting + Cooling + AND - Condensation.

The status of humidity function is:

dHipn
Tt = —n[/;,(Hm - Hsat) + Kfoggers(VPin - Vpsat,wetbulb) - Kcondensation (VP - Vpsat) +

Ventilation infiltration

E (12)
Evapotranspiration
E : The amount of heat provided by evapotranspiration (W)
Evapotranspiration
Mass balance for CO2 is :
100 dCco, in 100 /. . :
pairVgreenhouse S0 at = —Pair 9 (Vinf + Vvent)(ccoz in—Ccoz out) + _thotosynthesis +
( 100 Qheat (13)
Mquel hcombution
combustion
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CO2 Mass Balance in molar units (ppm or pmol CO2 per mol air). { is the number of moles
of carbon per mole of fuel.

V;

F,

inf : Ventilation rate (m?® air/s).

photosynthesis . The amount of heat supplied by photosynthesis (W).

2.4. Rules of decisions

v

v

If (Ti is TVCOLD) then (FOG1FANI1 is OFF)(FOG2FAN?2 is OFF)(FOG3FAN3 is OFF)(NV
is OFF)(Heater1 is ON)(Heater2 is ON)(Heater3 is ON).

If (Ti is TCOLD) then (FOG1FANI is OFF)(FOG2FAN2 is OFF)(FOG3FAN3 is OFF)(NV is
OFF)(Heaterl is ON)(Heater2 is ON)(Heater3 is OFF).

If (Ti is TCOOL) then (FOG1FANI is OFF)(FOG2FAN?2 is OFF)(FOG3FAN3 is OFF)(NV is
OFF)(Heaterl is ON)(Heater2 is OFF)(Heater3 is OFF).

If (Ti is TSH) then (FOG1FANT is OFF)(FOG2FAN?2 is OFF)(FOG3FAN3 is OFF)(NV is ON)
(Heater1 is OFF)(Heater2 is OFF)(Heater3 is OFF).

If (Ti is TH) then (FOG1FANI1 is ON)(FOG2FAN?2 is OFF)(FOG3FAN3 is OFF)(NV is OFF)
(Heater1 is OFF)(Heater2 is OFF)(Heater3 is OFF).

If (Ti is TVH) then (FOG1FAN1 is ON)(FOG2FAN?2 is ON)(FOG3FAN3 is OFF)(NV is OFF)
(Heater1 is OFF)(Heater2 is OFF)(Heater3 is OFF).

If (Ti is TEH) then (FOG1FAN1 is ON)(FOG2FAN?2 is ON)(FOG3FAN3 is ON)(NV is OFF)
(Heater1 is OFF)(Heater2 is OFF)(Heater3 is OFF).

Where :

Ti : Indoor temperature.

TVCOLD : Temperature very cold.

TCOLD : Temperature cold.

TCOOL : Temperature is cool.

TSH : Temperature increases slowly.

TH : Temperature is hot.

TVH : Temperature is very hot.

HE : super hot temperature.
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The explanation of the previous decision rules is as follows:

1) If the temperature (TVCOL) inside the greenhouse is very cold, then it is lower than the set
temperature, the fuzzy controller sends a signal to automatically trigger all mechanical ventilation and
ventilation systems and gives the order of “Open all heating systems”.

2) If the temperature (TCOLD) inside the greenhouse is cold , then it is therefore somewhat below
the set temperature then the fuzzy controller sends a signal to automatically trigger all mechanical
cooling and ventilation systems and gives an order for “Open a single heating system”.

3) If the temperature inside the greenhouse is cool therefore the controller gives the same previous
order.

4) If the temperature (TSH) inside the greenhouse increases slowly, then the controller gives the
order to stop all heating, cooling and mechanical ventilation systems and leave the operation of the
ventilation natural.

5) If the temperature (TH) inside the greenhouse is hot, then it is slightly higher than the tempera-
ture of the set point, then the fuzzy controller sends a signal to automatically trigger all the cooling,
heating and ventilation systems and gives Order to “open mechanical ventilation system” (forced).

6) If the temperature (HVT) inside the greenhouse is very hot, it is higher than the set point tem-
perature, the fuzzy controller sends a signal to automatically trigger all heating systems and allow the
operation of two mechanical ventilation systems.

7) If the temperature (TEH) inside the greenhouse is super hot, it is therefore superior to the set
point temperature. Then the blurred controller sends a signal to automatically open all mechanical
cooling and ventilation systems and stop “Operation of heating systems” and natural ventilation me-
chanical ventilation.

2.5. Fuzzy sets

The input variables in a fuzzy control system are generally mapped by sets of membership func-
tions similar to it, called “fuzzy set”. The process of converting a crisp input value to a fuzzy value is
called “fuzzy logic”. A control system may also have different types of switch, or “ON-OFF”, inputs
and analog inputs and during switching inputs will always be a truth value of 1 or 0, but the system
can handle as simplified fuzzy functions happen to be one value or another. Given “mappings” of input
variables membership functions and truth values, the microcontroller then makes decisions for action
on the basis of a set of “rules”.

A fuzzy controller follows a process that occurs in three successive steps:

e Input fuzzification: transforms the input values into quantities Fuzzy.

e Inference (with rule basis): applies the rules to fuzzed entries In order to make decisions.
Defuzzification: transforms fuzzy decisions into output values determined numerical values.

3. Simulation and model validation

Our model is based on the greenhouse GUESS model that is set for a multi greenhouse chapel
which each module is 8.5 m wide, 34 m deep and ridge height of 4.5 m . Infiltration rate is 1.1 air
changes per hour, and a U value of 5.76 W / m?.K was used. The model of the plant was set for Douglas
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seedling plants were started at 0.57 g dry weight, and harvested 1.67 g dry weight; a new growing
season was recorded at harvest.

A set of hourly data for 2015 (1 January to 31 December) weather station of Biskra Algeria [6],
was used to validate our model as a CSV file that consists of four columns (global solar radiation,
temperature, humidity and wind speed).

The model of the greenhouse was coded using the full version of Windows MATLAB R2012b
(8.0.0.783), 64bit (win64) with Simulink. The simulation was performed on a Toshiba laptop. The lap-
top is equipped with a hard drive 700 GB and 5 GB of RAM. Simulink model of the parties were made
in “Accelerator” mode that has first generated a compact representation of Code C of the diagram, then
compiled and executed.

3.1. Membership functions MFs

A function that specifies the degree to which a given input belongs to a set. The output of a mem-
bership function, this value is always limited to between 0 and 1.

Also known as a membership value or membership grade. Membership functions are used in the
Fuzzification and defuzzification steps of a FLS (fuzzy logic system), to map the non-fuzzy input val-
ues to fuzzy linguistic terms and vice versa.

In many fuzzy applications, membership functions (MF) have been arbitrarily chosen as trapezoi-
dal, triangular or Gaussian curves depending on the selected ranges.

In our model, the sigmoid membership function is considered to define the input variables and
triangular for the output variables.

All membership functions are defined on the normalized domain [-1, 1] in the discourse universe.
With eight linguistic values, as shown in Fig.1.

This figure illustrates the fuzzy sets of membership functions that contain seven fuzzy sets. The
linguistic values of the fuzzy sets used are:

Very cold (TVCOLD), COLD (TCOLD), Uncooked (TCOOL), OK (TGOOD), Low warm (TSH),
Warm (TH), Very hot (HST) Designed on the basis of expert knowledge and in specialized literature.

We added to our model of the greenhouse an intelligent regulator using the fuzzy logic and we
chose the Mamdani method with a single input, we started by first defining the input data and the out-
puts, and by The next one tried to link the membership functions in a logical way in order to respond
in the following Fig.1.

The following diagrams (Fig.2,3,4) show the Simulink models of heating and cooling and misting
systems in our greenhouse :
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Fig. 1. Representation rules of membership functions
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Fig. 2. Simulink representation of the heating system model
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Fig. 5. Fuzzy logic controller simulation model of the greenhouse
v Discussion of the figures (Fig. 2,3,4,5)

The simulation of our system was done by MATLAB Simulink. The results of the MATLAB / Sim-
ulink software indicate the high capacity of the proposed technique to control the internal temperature
of the greenhouse even in the event of a rapid change of atmospheric conditions. The modeling of the
system Is defined in the form of this block diagram introduced in our Simulink represented in Fig.
2,3,4 at the top represent Simulink diagrams of our greenhouse microclimate systems such as heating,
cooling and ventilating systems in block diagram form (subsystems).
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In a block diagram, each machine or block is described by three sets of variables: the inputs, the
state variables which describe the condition of the machine, and the output which depend directly upon
the state. At each time step, the machine or block can be called upon perform to following commands:

1. Initialize/reset outputs and states
2. Calculate state derivatives
3. Integrate state derivatives to calculate future state

4. Calculate outputs based upon current state

This robust yet simple methodology can be applied to a wide array of processes particularly those
involving lumped parameter mass/energy balances or transfer functions, and is thus quite amenable to
crop models, which are based on “black box” theory.

The main impetus for using Simulink is that this methodology is built into the structure of the pro-
gram, allowing the user to focus on the block diagram side of the model.

The fig.5 represents the Simulink schema of the modeling of our fuzzy controller.

After defining the membership functions, the inference rules have been implemented in such a way
as to achieve optimum control as desired, for example if the climate inside the greenhouse becomes
lime the regulator will automatically lowering the temperature by closing a heating system or opening
a cooling system or by any other means and all this, in order to keep the required instruction which will
be translated by the order that is decommissioned in The part (ITI.1).

We finally save the file (.fix) to load it into the workspace and retrieve it in the Simulink Fuzzy
block under the same name of the saved file.

The simulation of our fuzzy controller was done by MATLAB Simulink. The results of the MAT-
LAB / Simulink software indicate the high capacity of the proposed technique to control the internal
temperature of the greenhouse even in the event of a rapid change in atmospheric conditions. The
modeling of fuzzy controller is defined in the form of this block diagram introduced in our Simulink
shown in Figure (IV.5). Which aims to reach the set temperature of 20 ° C required by the internal envi-
ronment of our greenhouse. Indeed, by varying the ranges of inferences, the efficiency of the regulator
has been increased around this set point. It would also be possible to modify the inference rules or the
forms of the membership functions used.

4. Results

The results of the MATLAB / Simulink software indicate the high capacity of the proposed tech-
nique for controlling the climate inside the greenhouse (temperature, humidity) even in the event of a
rapid change in atmospheric conditions.

The results of the simulation clearly show the actual thermo-energetic behavior of the agricultural
greenhouse, in two different zones, the first is wet for Dar El-Beida Alger and the second is arid for
the Biskra willaya (Saharan zone). This allowed us to know the capabilities and performance of our
fuzzy controller.

Two databases of the two regions (Biskra and Dar El Beida) were created on a CSV file containing
hourly meteorological parameter measurements for the year 2015 (1 January to 31 December) (http://
www.wunderground.com/cgibin/findweather/getForecast?qery?), which are processed on Excel and
exported to MATLAB for simulation.
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v Results Simulation for the Wetland Region (Dar El Beida):

x10 Indoor Temperature Distribution

g
H
10 12 14 16 18 20 22 24 26 28 30
Temp. (C)
Fig. 6. Histogram shows the distribution of indoor temperature
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Fig. 7. The evolution of humidity and temperature (interior / exterior)
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v Results Simulation for the Arid Region (Biskra):
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Fig. 8. Histogram shows the distribution of indoor temperature
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Fig. 9. The Evolution of Humidity and Temperature (Interior / Exterior)

v/ Discussions on above figures (Fig. 6, 7, 8, 9):

It is found that most internal temperature values lie between (15 ° C. and 25 ° C.) in the figure (6)
and between (14 ° C. and 22 ° C.) in the figures (8) for the winter period and between (20 ° C and 28
° C) and between (20 and 26 ° C) in the two preceding figures for the spring summer period a large
variation in temperature during The autumn and winter period is due to heat loss overnight and the
noise occurring in the ambient temperature signal is caused by cyclic activation and deactivation of the
heating and ventilation systems. However, the compensation of the heating is insufficient and expen-
sive, for this reason an improved thermal insulation for the wall of the cover is necessary.

The improved thermal insulation of the lid can be practically achieved by the addition of a layer of
plastic air bubble mounted on the inner wall face. During the spring summer period the temperature is
almost in the desired range in both regions except for the half of the summer where the temperature is
a little increase. The use of cooling and spraying systems is necessary to lower the temperature in the
desired range. But this solution is insufficient and really costly, for this purpose we should improve the
characteristics of the cover of the agricultural greenhouse, double wall thermal insulation that demon-
strates improved heating and cooling efficiency, etc.

The relative humidity in the fig. 7, 9 generally remains near the optimum for the whole year ex-
cept in summer when humidity falls below the threshold due to the significant vaporization used for
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temperature compensation. This problem consists of adding a screen on the roof of the greenhouse for
the Dar El Beida region and improving irrigation to compensate for the lack of relative humidity in the
arid region (Biskra).

The application of our blurred controller can be harvested four times in a year for both regions
(humid Dar El Beida and arid Biskra), but at the end of the year to December and beginning of the year
to January. It is noted that the operation of the crop or the growth of the plant is a little heavy and take
little more time than the other seasons and in both regions.

This negative growth is caused by insufficient integral light during the winter and which means a
break in our model and a lowering in light and photoperiod. And this indicates that despite the results
obtained in the desired interval, our blurred controller found difficulties for the optimal climate man-
agement inside our model of the greenhouse and exactly in the winter period (end of December and
beginning of January) and this indicates that our system is unstable in this period.

And it makes us think of its development and improve it in the future to get better results.

5. Conclusion

However, our objective is achieved to the extent that it has been shown through modeling and con-
trol by the use of fuzzy logic, this area is very difficult because it is a multi control variables which the
greenhouse is a biophysical system where parameters are highly correlated as shown by the results.
This technique of fuzzy logic that has been adapted to the greenhouse to a promising future for the
climate control and management of the greenhouse. For greenhouse growers, it is a preferred approach
for structuring and knowledge aggregation and as a means of identification of gaps in the understand-
ing of mechanisms and interactions that occur in the system - greenhouse.

Fuzzy logic is a branch of artificial intelligence, which must point out its advantages and disadvan-
tages. its use has led to quite satisfactory results of the control and regulation perspective.

We remain optimistic in the near future, as to the operation of artificial intelligence, including the
use of fuzzy logic which indicates:

v For the control and regulation of the greenhouse microclimate.
By the conservation of energy.

For the efficiency of energy use in the greenhouses operation.
For improved productivity of crops under greenhouses.

NN NS

In a significant reduction of human intervention.
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